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Important User
Information

Because of the variety of uses for the products described in this
publication, those responsible for the application and use of this
control equipment must satisfy themselves that all necessary steps
have been taken to assure that each application and use mests all
performance and safety requirements, including any applicable laws,
regulations, codes and standards.

Theillustrations, charts, sample programs and layout examples
shown in this guide are intended solely for purposes of example.
Since there are many variables and requirements associated with any
particular installation, Allen-Bradley does not assume responsibility
or liability (to include intellectual property liability) for actual use
based upon the examples shown in this publication.

Allen-Bradley publication SGI-1.1, Safety Guidelines for the
Application, Installation, and Maintenance of Solid-Sate Control
(available from your local Allen-Bradley office), describes some
important differences between solid-state equipment and
electromechanical devices that should be taken into consideration
when applying products such as those described in this publication.

Reproduction of the contents of this copyrighted publication, in
whole or in part, without written permission of Allen-Bradley
Company, Inc., is prohibited.

Throughout this manual we use notes to make you aware of safety
considerations:

ATTENTION: Identifies information about practices
or circumstances that can lead to personal injury or
death, property damage or economic loss.

Attention statements help you to:
e identify a hazard

e avoid the hazard

e recognize the consequences

Important:  Identifiesinformation that is critical for successful
application and understanding of the product.

ControlNet is atrademark; PLC is aregistered trademark of Allen-Bradley Company, Inc.
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CVIM2 System Components

Chapter

Hardware Connection and Powerup Check

This chapter shows you how to connect the CVIM2 system components and
perform a powerup check.

The procedures in this chapter cover only those components that are related
to the CVIM2 machine vision system, namely:

e CVIM2 module, Catalog No. 5370-CVIM2.

e Pyramid Integrator chassis:
Four—slot chassis, Catalog No. 2801-NX3.
Eight—slot chassis, Catalog No. 2801-NX4.

e Vision chassis, Catalog No. 2801-AM2

e Chassis power supply, Catalog No. 2801-NX2.

e RS-170 Video monitor: Color, 13—-inch, rack—mounted, 115VAC,
Catalog No. 2801-N8.

e VGA video monitor: Catalog No. 2711-M14; 2711-MT14.
e Light pen, Catalog No. 2801-N7.
e Camera, Catalog No. 2801-YC, —-YD, and -YE.
e |nterface modules:
User interface box, Catalog No. 2801-N22.
User interface box, Catalog No. 2801-N26.
I/0 interface box, Catalog No. 2801-N27.
Interface board, Catalog No. 2801-JMB.
e |nterconnecting cables.

Additional components may be required for some CVIM2 system
configurations. These will be identified in the connection procedures.

For complete information on installing the CVIM2 system inits factory floor
location, refer to the Allen—Bradley Pyramid Integrator Installation Manual,
Publication 5000-6.2.10, which is supplied with the Pyramid Integrator
chassis.

11
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Connecting CVIM2 System
Components

1-2

Beforeyou install the CVIM2 system at its factory—floor site, you may find it
useful to connect the basic system components temporarily on aworkbench
or table top.

If, however, you intend first to install the CVIM2 system at its factory—floor
site, refer to the following Allen—Bradley publications for site installation
information.

e Pyramid Integrator Installation Manual, Publication No. 5000-6.2.10.
Chapter 4, Grounding the Components, is of particular importance.

e Grounding and Wiring Guidelines, Publication No. 1777-4.1.
e Solid-state Control Safety Guidelines, Publication No. SGI-1.1.

After completing the site installation, return to this section.

Installing the CVIM2 Module

The CVIM2 module uses a DC—to-DC converter to supply power to the
cameras. The converter getsits DC voltage from either the chassis power
supply (+12vDC and —12VDC) or from an external DC power supply
(+24VDC).

When using a 2801-NX3 or -NX4 chassis, here are the situations in which
you must use an external DC power supply:

e More than three cameras are connected to asingle CVIM2 module.

e Two or more CVIM2 modules are installed in a single chassis, and more
than three total cameras are connected to the modules.

e Any of cameras#4, #5, or #6 are to be used, regardless of the total
number of cameras used or the number of CVIM2 modules installed.

When using a 2801-AM2 vision chassis, an external DC power supply is not
needed; however the CVIM2 module must have the DC voltage selection
switch set to the 24V position. (The integrated power supply for the
2801-AM?2 chassis provides both 12VDC and 24V DC. See Publication No.
2801-2.7, page 9, for more information about the 2801-AM2 vision chassis.)

Use the following steps to set the DC voltage selection switch on the CVIM2
module;

1. Locate the DC voltage selection switch on the back of the CVIM2
module. Refer to Figure 1.1 (page 1-3).

2. Set the switch as shown in Figure 1.1 (the 12V setting) for applications
using three or fewer cameras.

3. Set the switch to the 24V position for applications using more than three
cameras, or using any of cameras #4, #5, or #6.
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4. Install the CVIM2 modulein the chassis. Tighten the thumbscrews
alternately until the moduleis fully seated in the chassis.

Figure 1.1 CVIM2 Module (back view): DC Voltage Selection Switch

TERREREIRD B EE R l'..!.‘l

] i
. .l"l'"_*'l

DC Voltage selection switch
(shown in internal source position)

Installing the Optional DC Power Supply Cable

If your application requires an external +24V DC power supply, you can use
one of two Allen—Bradley DC power supply cablesto connect the external
+24VDC power supply to the Pyramid Integrator chassis power supply. The
power supply must have sufficient capacity to power al of the cameras.

These are the Allen-Bradley DC power supply cables:

e Catalog No. 5120-CP3 — for applications not requiring afan chassis (for
cooling the Pyramid Integrator chassis power supply).

e Catalog No. 5120-CP2 — for applications using the eight—slot chassis
and requiring afan chassis.

Note that each cable has a set of four color—coded |eads terminated with
spade lugs.

1-3
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Attach the color—coded leads on the DC cable to the external DC power
supply asfollows:

1. Connect thetriple red leads to the DC power supply’s main “+ output”
terminal.

2. If your DC power supply hasa*“+ sense”’ terminal, connect the single red
lead to that terminal. Otherwise, connect the single red lead to the “+
output” terminal, along with thetriple red leads.

3. Connect thetriple black |eads to the DC power supply’s main “— output”
terminal.

4. If your DC power supply has a*“— sense” terminal, connect the single
black lead to that terminal. Otherwise, connect the single black lead to
the “— output” terminal, along with the triple black leads.

5. Connect the molded plug on the other end of the DC power supply cable
to the Pyramid Integrator power supply front panel jack labeled “Fan
Chassis.”

6. If your application has afan chassis and you are using the 5120-CP2
cable, connect the smaller molded plug to the jack in the fan chassis.

Finally, attach aline cord or other AC power supply cables to the DC power
supply, as appropriate for your installation.

NOTE: Do not apply AC power to the DC power supply yet.

14
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Connecting the I/0 and Camera Cables

Refer to the CVIM2 interconnect diagram (Figure 1.2) for the I/O and
camera cable connections in the next steps.

Figure 1.2 CVIM2 Interconnect Diagram for I/O Cables
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Connecting the 1/O Interface Cable (2801-NC17, -NC17A)

Use the following steps to connect the /O interface cable to the I/O interface
module:

1. Locatethe I/O interface cable, Catalog No. 2801-NC17 or -NC17A, and
the I/O interface module, Catalog No. 2801-N21 or —-N27.

NOTE: Thetwo ends of this cable are identical.

2. Connect either end of the cable to the Module 1/O (or System 1/O)
connector on the CVIM2 front panel. Tighten the screws.

3. Connect the other end of the cable to the CVIM connector on the 1/O
interface module. Tighten the screws.

NOTE: Thel/O interface cable can be connected directly from the CVIM2
module to 1/0 interface module 2801-N28 on the 2801-AM?2 vision chassis.

15
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Connecting the User Interface Cable (2801-NC20A, B, C): VGA
M onitor

Use the following steps to connect the user interface cable when aV GA
monitor is to be used:

1. Locatethe user interface cable, Catalog No. 2801-NC20A, B, or C, and
the user interface module, Catalog No. 2801-N26.

NOTE: Thetwo ends of this cable are identical.

2. Connect either end of the cable to the User Interface connector on the
CVIM2 front panel. Tighten the screws.

3. Connect the other end of the cable to the CVIM2 connector on the user
interface module. Tighten the screws.

4. Connect the 15—pin connector on the VGA monitor cable to the VGA
MONITOR connector on the user interface module.

5. Connect the light pen, if used, to the LIGHT PEN socket on the user
interface module.

Connecting the User Interface Cable (2801-NC19A, B, C): N8 Monitor

Use the following steps to connect the user interface cable when an
Allen—Bradley 2801-N8 color monitor isto be used:

1. Locatethe user interface cable, Catalog No. 2801-NC19A, B, or C.

2. Connect the 15—in connector on the cable to the User Interface
connector on the CVIM2 front panel. Tighten the screws.

3. Connect the other end of the cable to the VIDEO INPUT connector on
the rear panel of the N8 color monitor.

4. Connect thelight pen, if used, to the LIGHT PEN socket on the N8
monitor front panel.

Connecting the User Interface Cable (2801-NC19A, B, C): Other
RS-170 Monitors

Use the following steps to connect the user interface cable when a monitor
other than the Allen—Bradley 2801-N8 is to be used:

1. Locatethe user interface cable, Catalog No. 2801-NC19A, B, or C, and
the user interface box, Catalog No. 2801-N22.

2. Connect the 15—in connector on the cable to the User Interface
connector on the CVIM2 front panel. Tighten the screws.

3. Connect the other end of the cable to the INPUT connector on the N22
box.

4. Connect the light pen, if used, to the LIGHT PEN socket on the user
interface module.
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5. Connect the coaxial cablesto the appropriate R, G, B, and SYNC
connectors on the N22 module and the monitor.

Connecting the Camera Cable: 2801-YC Camera

Use the following steps to connect the appropriate camera cable when an
Allen-Bradley 2801-Y C cameraisto be used:

1. Locate the appropriate camera cable, Catalog No. 2801-NC14, 15, or 16.

2. Connect one connector on the cable to the appropriate Camera
connector on the CVIM2 front panel.

3. Connect the other connector on the cable to the appropriate connector on
the camera.

Connecting the Camera Cable: 2801-YB, —YD, and —-YE Camera

Use the following steps to connect the appropriate camera cable when an
Allen-Bradley 2801-YB, —YD, or —Y E camerais to be used:

1. Locate the appropriate camera cable, Catalog No. 2801-NC5, 6, or 7.
2. Connect the male connector on the cable to the appropriate Camera
connector on the CVIM2 front panel.

3. Connect the female connector on the cable to the appropriate connector
on the camera.

Connecting the Mouse Cable

Assuming that the I/O interface cable is attached to the Module 1/O or
System 1/O connhector on the CVIM2 front panel, connect the mouse cable
to the PORT B connector on 1/O interface box 2801-N27.

If you intend to use the PORT A connector, you must use a gender adapter
between the mouse cable connector and the PORT A connector on the I/O
interface box.

NOTE: You may need to configure the CVIM2 system to recognize the
selected mouse port connection. The mouse configuration procedure is
detailed in the Configuring CVIM2 System for Mouse Operation section on
page 1-10.
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Powering Up CVIM2 System At this point, with all basic system components connected, the CVIM2
system is ready for the powerup check.

Use the following steps to perform the powerup check:

1. Set the video monitor brightness and contrast controls to their midrange
point or other appropriate preliminary point.

CAUTION: Verify that the AC voltage source is within
limits for both the video monitor and the CVIM2 system.

Set the scan mode, if available on your monitor, to “under scan.”
Set the power switch to “off.”

Insert the monitor AC line cord into the AC power outlet.

Set the power switch to “on.”

Attach the CVIM2 system AC line cord or cable to the AC power outlet
or source.

7. If your system isusing an external +24VDC power supply, attach the AC
line cord or cable to the AC power outlet or source.

8. Set the power switch to On. When you do, you should see the following
results:

e The DC OK light on the chassis power supply should turn on.

e All LEDsonthe CVIM2 front panel should light momentarily, after
which the Pass/Fail LED should remain green.

e |n about five seconds, the banner message should appear on the
monitor screen, similar to the screen shown in Figure 1.3 (page
1-9).

9. Verify that the light pen operates properly by moving it across the screen.
The cursor pointer should follow the light pen’s movement. If it does not,
verify that the DC voltage selection switch setting shown in Figure 1.1
(page 1-3) is set correctly for your application.

10. Verify that the light pen switch operates by picking one or more of the
items on the main menu. In each case, a pull-down menu should appear.

11. If amouseis connected to PORT A or PORT B on the I/O interface
box, check the mouse for proper operation by moving it across atable
top. The mouse pointer should follow the mouse’s movement. If not,
refer to the Configuring CVIM2 System for Mouse Operation section on
page 1-10.

o g kM wbd
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Figure 1.3 Example: Monitor Screen After Normal Powerup

Environment File Editors Security

= CVIM2

_ Bulletin 537A
Copyright (€ 1992-1994 Allen-Bradley Company, Inc.
Series A, Revision A - Firmware Revision BA3

If you have not yet installed the CVIM2 system at its factory—floor site, refer
to the following Allen—Bradley manuals:

e Pyramid Integrator Installation Manual, Publication 5000-6.2.10.
e Grounding and Wiring Guidelines, Publication No. 1777-4.1.
e Solid-State Control Safety Guidelines, Publication No. SGI-1.1.

These manuals contain all the information required for panel— or
rack—mounting, electrical grounding, and connecting to the 1/O components.

You will have aready performed in this chapter some of the steps described
in the PI installation manual. When you encounter one of those steps, verify
that you have performed it correctly, then continue.

1-9
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 1

Hardware Connection and Powerup Check

Configuring CVIM2 System
For Mouse Operation

1-10

The CVIM2 system supports most serial mouse and trackball pointing
devicesthat are IBM PC™ compatible. The following devices have been
tested and have been found to work with the CVIM2 system:

e | ogictech™ Model C7-3F-9F

e Logictech™ Model CC-93-9F

e Microsoft® Model LR 87483

e Mouse Systems Model 900800-001/A

e Clix Model CX-30

e Interlink Electronics Durapoint (exceeds NEMA 4X, 6P, and 13)
e Mouse Systems Modd TP-305 (trackball)

After you power up the CVIM2 module, if the mouse pointer will not “track”
the mouse as you move it across atable top or other flat surface, and you are
using one of the above-listed devices, use the light pen to examine the
current serial communication port configuration and reconfigure, if
necessary, the specific port that you intend to use for mouse operation.

NOTE: When aport is configured for mouse operation, it cannot be used
for other data communication purposes.

To configure a serial communication port for mouse operation, use the light
pen to pick Environment in the main menu bar. When the Environment
menu appears, pick Comm Ports. When you do, the Comm Ports menu
appears, asillustrated by the example in Figure 1.4 (page 1-11).

In the example, it is assumed that the mouse is connected to PORT B of the
I/O interface box and the 1/0 interface cable is connected to the System 1/O
connector on the CVIM2 front panel. In this case, you would pick System
I/O Port B inthe Comm Ports menu.

When you pick System 1/O Port B, the System I/O Port B setup table
appears, as shown in Figure 1.4. When you then pick Mouse in the small
scrolling list, the appropriate mouse settings for baud rate, parity, data bit,
and stop bit parameters in the setup table “lock” at the values shown in the
figure.
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Figure 1.4 Example: Setting System I/O Port B to Mouse Function
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Pick the IEZEl button to save the port selections and exit the port setup table,
then perform these steps to check mouse operation:

e \Verify that the mouse operates properly by moving it across atable top.
The mouse pointer should follow the mouse's movement.

If the mouse pointer does not move at thistime, cycle the CVIM2 power
off (for at least five seconds), then on, to enable mouse pointer operation.

e Verify that the mouse buttons operate by picking one or more of the items
on the main menu, using the left button. In each case, a pull-down menu
should appear.

(Note that the center mouse button can perform some of the functions of
the left button, for example, picking and dragging a panel across the
screen, selecting alternate panel sizes, and operating the scrolling
functions. The right button can alternately position a panel over or under
an overlapping panel.)

For more information about mouse operations, refer to the Screen Pointer
Functions section of Chapter 2, CVIM2 System Configuration: An Overview,
starting on page 2-9.
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Chapter

CVIM2 System Configuration: An Overview

This chapter discusses the basic phases of system configuration and the
major configuration functions in each phase. The details of the inspection
configuration process are provided in Chapter 3, Image Acquisition
Parameters, and Chapter 4, Inspection Configuration.

The discussions that follow assume that all CVIM2 system parameters are set
to their out—of—box default state. They also assume that you are already
familiar with the CVIM2 user interface and with using the light pen and/or
mouse to “navigate” the user interface.

After anormal powerup, the monitor screen displays the CVIM2 “banner
message,” as shown in Figure 2.1.

Figure 2.1 Example: Monitor Screen After Normal Powerup

Environment File Editors Security

= CVIMR

_ Bulletin 537A
Copuright ' 1992-1994 fillen-Bradley Company, Inc.
Series A, Revision A - Firmware Revision BA3

Note that the banner message indicates the current series and firmware
revision levels of the CVIM2 system. Along the top margin is the main menu
bar.

2-1
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CVIM2 Configuration: Four Figure 2.2 is a chart showing four basic phases that areinvolved in
configuring the CVIM2 system for atypical inspection application. Many

Basic Phases _ j the C tem f _ _
details are intentionally omitted in order to emphasize the overall picture of
the system configuration process.

Figure 2.2 Basic Phases of CVIM2 System Configuration

Phase 1 Phase 2 Phase 3 Phase 4
Select . Select Begin online
configuration icr:]ongcgtlijcr)r? discrete1/O inspection
names $ parameters operations
Co.nfigur.ation Configuration Editor: Discrete 1/0 Editor: Main menu bar:
File Editor: Enter inspection que_l/O signals, and Pick Environment
Enter configuration names assign input and output
file name functions
Enter acquisition l . ]
configuration Acquisition Editor: Environment menu:
file name Select im Pick On—Line
age
Enter discrete 1/0 acquisition parameters|
file name +
*Enter message Qbservtt_a and eva;lltl_,late
file name Pick Setup to enter Inspection operation
toolset editor and tool results
Adjust tools if
* necessary
Select tool hames, |
and configure all
inspection tools
Evaluate tool
operation offline
in setup mode
*Refer to the CVIM2 Communications Manual, Pub. No. 5370-804, for details.
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The remainder of this chapter describes the major configuration functions
within each basic phase of the CVIM2 system configuration identified by the
chart in Figure 2.2 (page 2-2).

Selecting Configuration File Names

Definition: A configuration file stores information about an inspection
application, such as the names of the toolsets and the number of image
buffers used.

Thefirst step in Figure 2.2 is taken from the Config Files panel. You can
access this panel from Environment in the main menu bar. When you pick
Config in the Environment menu, the Config Files panel appears, as shown
in Figure 2.3.

Figure 2.3 Initial Appearance of Config Files Panel

_ File Editors Security
Revision \
Language

Config ' <none valid>

Uariahbhles
Comm Ports 4

Go On—Line
gy QEE-Lins

Conf ig Files

The panel isshown initsinitial state, before any configuration files have
been defined. At this time, you must enter an appropriate name in the Config
and Acg. Config fieldsin order to continue with the configuration process.

NOTE: You can add the Discrete 1/0O name and/or Message name at this
time, or later. (Note that to access the Discrete 1/0 and Communications
Editor panels, however, you must first enter names for these panelsin the
Config Files panel.)
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Picking the Editors Menu

The next step, after defining at least one configuration, is taken from the
Configuration Editor panel. You can access this panel from Editors in the
main menu bar. When you pick Editors, the Editors pulldown menu appears,
asshownin Figure 2.4.

Figure 2.4 The Editors Pulldown Menu

Environment File 1 Security
Conf iguration
Acquisition
Dizcrete 170
Communications

Note also that you have four choices: Configuration, Acquisition, Discrete
I/0, and Communications. Briefly, thisis what they mean:

e Configuration — Use this editor to define one or more sets of inspection
tools for your application.

e Acquisition — Use this editor to select the cameratypes, numbers of
cameras, trigger sources for acquiring cameraimages, and other
parameters relating to the acquisition of images.

e Discrete I/0 — Usethis editor to assigh signals and select parameters for
discrete inputs and outputs.

e Communications — Use this editor to create messages for data
communications using serial 1/0 ports or the remote /O port.

Selecting Configuration Parameters

When you pick Configuration, the Configuration Editor panel appears, as
shown in the example in Figure 2.5 (page 2-5).

The purpose of the Configuration Editor panel isto set up all of the
inspection application requirements for a single configuration file. Using this
panel, you can select the toolsets (up to six for one configuration file),
configure al of the ingpection tools, set various acquisition and inspection
parameters, and perform the initial (“setup mode”) evaluations of the tools
performance.

The CVIM2 system enters various default names for the tool sets (under the
“Inspection Name” heading and the “ Archive Name” heading); however,
you can easily change any of these names to suit your inspection application.

24
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Figure 2.5 Example: Configuration Editor Panel With Six Inspections

Environment File
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When you finish the configuration of at least one toolset (and also select the
image acquisition parameters, as described in the next section), you can exit
the Configuration Editor panel and return to the main menu bar by picking
the (Il button.

When you place the CVIM2 system online, the system executes the currently
selected configuration file. If the system is powered down, then powered up
again, it will automatically begin online operations using the last selected
configuration file— in this example, it would use the “FrontLabel”
configuration file.

The CVIM2 system can store multiple configuration filesin the CVIM2
system’s memory; thus, you can easily change inspection applications by
accessing the Config Files panel, highlighting (picking) another Config file
name listed in that panel, and then picking the [E=ZZ8 button.

When you return to the Configuration Editor panel, the newly selected
configuration file name will appear in thetitle bar of that panel.
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Selecting Image Acquisition Parameters

Your next step, after configuring a toolset, isto pick the RS buttonin
the Configuration Editor panel. When you pick this button, the Acquisition
Editor panel appears, as shown in the example in Figure 2.6.

Figure 2.6 Example: The Acquisition Editor Panel

Conf iguration Editor "EE:FrontLahel"

Inspection Hame Archive Hame
Toolset 1 EE: FrontLakel. t=s1

I Cut I Inspection I Display I Setup

AN\
I Done I Cancel I Save I ﬂcqui:ﬁ‘t}un\ \

ficquisition Editor "EE:FrontLabel.acqg"

I Camera 1 I Camera 2 I Camera 3
I Camera <4 I Camera 3 I Camera 6
I Acg.Sustem

Toolset Trigger Camera Tupe
Toolset 1 |_ 2201 YD

2881 YC
7
I_
I Edit I Copy I Edit
I Done I Cancel

The Acquisition Editor panel provides access to all of the parameters and
settings that the system uses to acquire an image for an inspection. The panel
contains two scrolling lists and several buttons, which are described briefly
asfollows:

corresponding Camera setup panels, from which you can perform focus
adjustments, light reference adjustments, and other related functions.

e Acquisition Systems Settings panel — The EZEEZa button accesses
the Acquisition System Settings panel, from which you can select a
default camera enable synchronizing the CVIM2 system with external
devices or another CVIM2 system, and/or selecting parameters for
switching between camera banks 1 — 3 and 4 — 6.
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e Toolset Trigger panel — This scrolling list panel enables you to select a
Toolset Trigger edit panel, from which you can edit various trigger
parameters for a particular toolset. The adjacent button selects the
Toolset Trigger edit panel for the highlighted tool set trigger.

e Camera Type panel — This scrolling list panel enables you to select a
Camera Type edit panel, from which you can edit various timing
parameters for a particular cameratype. The adjacent button
selects the Camera Type edit panel for the highlighted cameratype. The
button selects the highlighted camera type for the purpose of
creating a non-standard cameratype and editing its parameters. The
button del etes the highlighted camera type (non—standard only).

When you finish selecting the image acquisition parameters, you can exit the
Acquisition Editor panel and return to the Configuration Editor panel by
picking the Il button.

Selecting Discrete I/0 Parameters

After configuring atoolset and selecting acquisition parameters, your next
step isto pick Discrete 1/0O in the Editors menu. You can then select and
configure the discrete inputs and outputs to be used in your application.

When you pick Discrete 1/O, the Discrete 1/O Editor panel appears, as
shown in the examplein Figure 2.7, provided that you have added a discrete
I/O file name in the Config Files panel, as noted on page 2-3.

Figure 2.7 Example: The Discrete I/O Editor Panel

Dizcrete 1/0 Editor "EE:FrontLlahel.dio”

InsOut Signal Hame
Toolset 1.
Toolset
Toolset
Toolset
Toolset
Toolset
Toolset

2
1
1.
1
1
1

The purpose of the Discrete 1/0 Editor panel isto configure the trigger
inputs and assign functions to the outputs as required for a particular
application. Using this panel, you can assign signals to the trigger inputs and
specify the minimum trigger signal pulse duration, and you can assign a
specific function to each output, such as toolset failure, tool warning, and so
on. When you finish, picking the (Bl button returns to the main menu bar.
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Selecting Online Operation

Normally, your last step isto pick Go On-Line in the Environment menu.
This enables the system to perform online inspection operations, which will
begin immediately if the selected trigger source is active. During online
operations, you can observe the cameraimage and inspection tool display
and the inspection results data display at the same time.

When you pick Environment, the Environment menu appears, as shown in
the examplein Figure 2.8.

Figure 2.8 Example: The Environment Menu

INIFS LN File Editors Security
Revizion
Language

Config : EE:FrontLahel

Variahles
Comm Ports [

Go On—Line
Gy GF - Line

When you pick Go On-Line, the system displays the cameraimage and
tools, and the inspection results data. Figure 2.9 shows an example of this.

Figure 2.9 Example: Online Screen Display

Envivonment Fils Editors Secoriiy

= Toolset A [+

Tools Display Done

Results 1

Totals

Hame Resul t
Tool 1 11
Tool 2 24978
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The display panel shows the inspection tools over the inspected image. The
menu bar in the display panel enables you to access these tools for the
purpose of making minor adjustments, and for assigning “freeze” modes,
which allow analysis of images in which one or more tools have failed their
inspection tasks.

The results pand displays the basic inspection results for each tool listed;
namely, the pass/fail status, the accumulated number of faults, and the
numerical inspection result. The “Totals” item in the menu bar accesses
additional results data, such as the number of missed triggers and various
inspection timing data.

Screen Pointer Functions The CVIM2 system uses a light pen and/or mouse to perform numerous
screen pointer functions such as selecting menus and menu items, picking
and placing tools, and positioning and sizing panels. Most of these functions
are performed by positioning a screen pointer over an item on the screen and
pressing the light pen tip against the screen, or “clicking” the left mouse

button (that is, pressing and releasing the button quickly), if amouseis used.

Light Pen and Mouse Operation

The light pen and mouse can perform the same screen pointer functions, but
they differ in the method of performing those functions. Table 2.1 identifies

the major differencesin the operation of these two screen pointer systems.

Table 2.1 Comparison of Light Pen and Mouse Operation

Major Pointer Function

Mouse

Light Pen

Select or pick item
(menu item, button, selector)

Position the pointer over an item on the
screen, then press and release (“click”) the
|eft button. The item under the pointer when
the button is released is the one selected.

Position light pen tip over item on screen,
then press and release light pen tip against
screen

Drag
(tool, tool end, panel, panel
corner)

Position the pointer over an item, then press
and hold the left button while dragging the
item across screen.

Release the button when theitemis at its
final position.

Position the light pen tip over an item on
screen and press the tip against the screen
until a cross (+) symbol appears.

Release the light pen tip from the screen,
then drag the item across screen. Press and
release the tip against screen when the item
isat itsfina position.
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2-10

NOTE: In thefollowing discussions, the use of amouseis assumed for the
screen pointer functions. Table 2.1 compares equivalent light pen and mouse
operation.

Figure 2.10 through Figure 2.12 (page 2-13) illustrate the screen pointer
functions.

Figure 2.10 demonstrates a sequence of menu item and button picks, starting
at “Editor” in the main menu bar. In thisfigure, the pointer is positioned over
Editor in the main menu bar, and the left button is clicked, in order to select
the Editor menu. The pointer is then positioned over Configuration in the
Editor menu, and the left button is clicked, in order to select the
Configuration Editor panel.

Figure 2.10 Example: Sequence of Menu and Panel Selections

Security
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\ munications

Environment File

Environment File
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Inspection Hame Archive Hame
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In the Configuration Editor panel, the pointer is positioned over the
button, and the left mouse button is clicked, to select the
Inspection panel. When the appropriate inspection parameters are entered,
the pointer is placed over the button, and the left mouse button is
clicked, to exit back to the Configuration Editor panel.

Figure 2.11 (page 2-12) demonstrates dragging a panel to a different position
on the screen. The pointer can be placed anywhere in the title bar and the
panel dragged to itsfinal position.

Figure 2.12 (page 2—13) uses a“Results’ panel to identify the symbols and
points that are used for manipulating a panel on the screen (some of these
points and symbols are also used on other panels). When picked, they
perform specific functions, as follows:

e Expand/contract size symbol — If you pick this symbol (e) inthe
upper right corner, the panel will change to an alternate size (by default, it
expands to the full screen sizeinitially). When you pick the symbol again,
the panel returnsto its previous size.

e Change panel size symbol — You can change the panel size (without
moving the panel) by picking and dragging this symbol in the lower right
corner of the panel. The panel’s upper left corner remains anchored.

e Move panel — You can move the panel (without changing its size) by
picking anywhere in the title bar and dragging the panel across the screen.
(See Figure 2.12.)

e Digplay icon symbol — If you pick this symbol (—) while the panel is
displayed on the screen (expanded or reduced), it will contract into the
icon form. When you pick the icon, the panel returns.

e Scroll bar and arrows— When the panel is not high enough to display
all rowslisted in it, you can pick the up or down arrows or the scroll bar
on the right side of the panel to scroll panel contents up or down.
Similarly, when the panel is not wide enough to display al of its columns,
you can pick the left and right arrows or the scroll bar on the bottom of
the panel to scroll the panel’s contents right or left.

Center Button and Right Button

The center mouse button can perform some of the functions of the left

button, for example, picking and dragging a panel across the screen, selecting
aternate panel sizes, and operating the scrolling functions. The right button
can aternately position a panel over or under an overlapping panel.

2-11
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Figure 2.11 Example: Moving a Panel Across the Screen
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Figure 2.12 Example: Panel Manipulation Functions
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Keyboard Functions Throughout the configuration process, names must be entered for files,
inspections, tools, and various other items. At each point where anameis
required, a standard keyboard panel appears on the screen, asillustrated in
Figure 2.13.

Figure 2.13 Example: The Keyboard Panel (Lowercase)

| Lowercase (default) |

Entexr inspection name

Note that the printable characters appear in lowercase by default.

Most of the keys are straightforward in their operation; that is, their functions
are analogous to the keys on a computer keyboard. When you pick any
printable character, it appears in the name bar immediately above the keys:
The character in the key cap is the one that will appear in the name bar. The
maximum number of characters that you can enter depends on the context.

Hereisabrief description of the keys:

e Alphanumeric keys— These are the printable characters, and include
lowercase and uppercase a pha characters, digits, and punctuation
characters.

e Tab key — This key moves the cursor four places to the right of the
previous tab stop.

e Left and right arrow keys — These keys move the cursor one place to
theleft or right.

e Home key — This key returns the cursor to the leftmost position.

e End key — This key moves the cursor one place to the right of the
rightmost character in the name bar.

e [ns(insert) key — This key enables you to insert a character to the left of
the present cursor position. When you pick the insert key, and the
blinking cursor changes to a block (), the insert mode is enabled. When
you pick the insert key, and the cursor changes to an underscore (—), the
typeover mode is enabled.

2-14
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e Del (delete) key — This key deletes the character at the cursor position.
e Clear key — Thiskey clears all characters from the name bar.

e Cancd key — Thiskey exits the keyboard panel without saving any new
characters entered in the name bar.

e BkSp (backspace) key — This key moves the cursor one place to the left
and deletes the character in that position.

e Enter key — Thiskey saves all new characters entered in the name bar
and exits the keyboard panel.

e Capskey — Thiskey changes the alpha characters between uppercase
and lowercase. The keyboard remainsin the “caps’ mode until you pick
the caps key again.

e Shift key — Thiskey changes all printable character between uppercase
and lowercase. (The default setting is lowercase.) The keyboard returns to
the lowercase mode when you pick one character.

e Special key — This key changes the keyboard to a specia set of printable
characters (lowercase only). The keyboard returns to the lowercase mode
when you pick one character.

Calculator Keypad Throughout the configuration process, numeric parameters must be entered.
Functions At each point where such a parameter is required, a standard “ calculator”
keypad panel appears on the screen, asillustrated in Figure 2.14.

Figure 2.14 Example: The Calculator Keypad Panel

Calculator

Note that the calculator keypad appears in the decimal mode by default.

Most of the keys are straightforward in their operation; that is, their functions
are analogous to the keys on a hand held calculator. When you pick any digit,
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it appears in the display window above the keys. The maximum number of
digitsthat you can enter is 10.

Some keys appear in shaded type, which indicates that they are inactivein
the keypad's current mode of operation. For example, when the decimal
mode is selected, the hexadecimal alpha keys are shaded.

Hereisabrief description of the keys:

e Digit keys— These keys enter numeric digits in the display window.

e Operator keys— These keys perform mathematical operations on the
numbers entered in the display window: The (+) key performs adivide
operation; the () key performs amultiply operation; the (+) key
performs an addition operation; the (—) key performs a subtraction
operation, and the (%) key performs a percentage operation. The (=) key
completes the mathematical operation and displays the result in the
display window.

e Sign key — The (£) key changes the sign of the operand to minus (—) if
itisplus, or vice versa. (The plus sign is never displayed.)

e *Decimal key — Thiskey is active only when floating point values are
involved. At al other times the decimal (.) in the key appears in shaded
type, indicating that the key isinactive.

e Backspace (<) key — This key moves the cursor one place to the | eft
and deletes the digit at that position.

e CIr (clear) key — Thiskey clears al digits from the display window.

e Basekey — Thiskey selectsthe “base” of the numbering system to be
used: DEC for decimal (base 10), HEX for hexadecimal (base 16), BIN
for binary (base 2), or OCT for octal (base 8). The various bases appear in
succession when you pick this key repeatedly.

Note that the digit keys that are non—functional with each base appear in
shaded type; thus, all but digits 0 and 1 are shaded in the BIN mode.

e Orig (original) key — This key restores the origina contents of the
display window when the keypad first appeared.

e Esc (escape) key — This key exits the keypad without altering the
original value that appeared in the display window.

e Donekey — Thiskey saves any changesto the original value in the
display window and exits the keypad.

* The calculator operatesin the integer mode for most operations, and all
fractional results from calculations are thus truncated. For example, the
result from 100 <+ 6 would appear in the calculator display window as 16,
not 16.6667. Some operations, however, such as a gage using the linear
measurement operation, use floating point numbers for inspection results.
The decimal key is active when you set range limits for those results. Thus,
theresult from 100 + 6 would appear in the display window as 16.667 in
this case.
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Chapter

Image Acquisition Parameters

This chapter discusses the details of selecting the appropriate image
acquisition parameters in preparation for configuring the inspection tools.

NOTE: During the inspection configuration process, you would normally
access the image acquisition parameters through the ISzl button in the
Configuration Editor panel (see Chapter 4, Inspection Configuration; page
4-7). However, you can also access these parameters from the main menu
bar through the Editors menu, as described in this chapter.

When you pick Acquisition in the Editors menu, the Acquisition Editor
panel appears, as shown by the examplein Figure 3.1.

Figure 3.1 Example: Selecting the Acquisition Editor Panel

Environment File Security
/ “\\“\\ iguration

Aocquisition

N -
\§v Discrete I-0

Communications

Toolset Triggexr Camera Tupe

Toolset 1 BBl YF

2801 YF (2FP)
I_ 2881 YE

The Acquisition Editor panel provides accessto all of the parameters and
settings that the system uses to acquire an image for an inspection. The panel
contains two scrolling lists and several buttons, which are described briefly
asfollows:

corresponding Camera setup panels, from which you can perform focus
adjustments, light reference adjustments, and other related functions.
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e Acquisition Systems Settings panel — The EZEE&a button accesses
the Acquisition System Settings panel, from which you can select a
default camera, enable synchronizing the CVIM2 system with external
devices or another CVIM2 system, and/or select parameters for switching
between camerabanks 1 — 3 and 4 — 6.

e Toolset Trigger panel — This scrolling list enables you to edit various
trigger parameters for a particular toolset. The adjacent button
selects the Toolset Trigger edit panel for the highlighted tool set trigger.

e Camera Type panel — This scrolling list enables you to edit various
timing parameters for a particular camera type. The adjacent
button selects the Camera Type edit panel for the highlighted camera
type. The button sel ects the highlighted camera type for the purpose
of creating a non-standard camera type and editing its parameters. The
button deletes the highlighted camera type (non-standard only).

The following sections provide detailed information about all of the items
listed above.

Camera Setup Panel When you pick one of the [IEEE2S3 through IEEESXal buttons in the
Acquisition Editor panel, a Camera setup panel for the selected camera
number appears, as shown by the Camera “Camera 1” panel in Figure 3.2.

Figure 3.2 Example: Selecting Camera Setup Panel for Camera 1

ficquisition Editor "EE:!CPfglZ.acq"

Camera "'Camera 1"

Camera Type
H.Res Fields

2881 YF
DEEEE OWE [ RF» @Full 1, First
HREL OVE {R¥F> CHalf 01, Same
HREL OVE @2 Fields

Focus Trigger

Rate per Minute

Focus Source IS0 i
Focus Stwrohe I 0 I.-0—Hone
Shutter Speed
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The Camera setup panel contains a scrolling list panel, several parameter
selection boxes, and several buttons, which are described briefly as follows:

e Camera Type— The Camera Type scrolling list enables you to select a
cameratype (such as 2801-Y F) that pertains only to the selected camera
number (this number corresponds to the camera port number on the
CVIM2 module front panel).

e Edit Camera Type — The EEEESEEEN button accesses the Camera
Type edit panel for the cameratype highlighted in the adjacent Camera
Type scralling list. The Camera Type edit panel enables you to edit
various timing parameters for the highlighted camera type.

e H.Res— Thisbox selects either the full horizontal resolution capability
of the camerain use, or just half of that resolution capability.

e Fields— Thisbox selects one vertical field for half vertical resolution, or
two vertical fields for full vertical resolution.

e FocusTrigger — Thisfield selects either the internal trigger source or an
external trigger source for focus operations. It applies to the camera setup
operation only.

e Rate Per Minute— Thisfield selects atrigger rate per minute when the
auto/internal trigger source is selected as the focus trigger. It appliesto
the camera setup operation only.

e Focus Source — Thisfield assigns a discrete input for the trigger signal
when the external trigger source is selected. It applies to the camera setup
operation only.

e Shutter Speed — Thisfield is active only when a frame reset camera
type (such as the 2801-YE) is selected. It accesses the calculator that is
used to set the frame reset camera’s shutter speed.

e Focus Strobe — This assigns a discrete output for the strobe signal. It
applies to the camera setup operation only.

e Focus— The == button starts the focus function, which captures
continuous camera images and enables the user to perform camera and
lighting adjustments.

e Light Reference — The EEEEEEmm button accesses the light
reference adjustment panel, which can be used to maximize the contrast
in the image.

e Light Probe— The button accesses the light probe setup
function, which can be used to set up lighting compensation for the
inspection tools.

e Calibrate — The [IESE=Sl button accesses the calibrate function, which
which enables you to calibrate the image field to inches or centimeters
(“world units”) and perform measurements, such as linear gaging, in
those units.

e Done— The lE=ZZl button exits the Camera panel and returnsto the
Acquisition Editor panel.

The remainder of this section describes these functions, features, and
parameters in detail.
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Camera Type Selection

This scrolling list panel lists the “standard” cameratypes that the
Allen—Bradley Company supports, along with any non—standard camera
types that have been user—configured in the Acquisition Editor panel. To
select a cameratype for the current camera number, highlight the camera
type by picking its name.

You can edit various timing parameters for the highlighted camera type by

Type edit panel. (For details about this panel, refer to the Camera Type:
Selection and Editing section on page 3-33.)

Horizontal Resolution Selection

These are the two “H.Res”, or horizontal resolutions:

e Full — This selects the full horizontal camera resolution equal to the
Acq. Pixels setting in the Camera Type panel (typically 512 pixels).

e Half — This selects one half of the full horizontal camera resolution
(typically 256 pixels — every other pixel is acquired).

Field Selections

The“Fields” sdlectionsare 1, First; 1, Same; and 2. Here is what they
signify:

e 1, First — This causes the system to acquire the first field (odd or even)
to become available after any given trigger signal. The vertical resolution
is one-half the Acq. Lines (1/2 Lines) setting in the Camera Type
panel (typically 240 lines).

e *1 Same— This causes the system to acquire field O only. The vertical
resolution is one—half the Acq. Lines (1/2 Lines) setting in the Camera
Type pand (typically 240 lines).

e *2 — This causes the system to acquire the image with full vertical
resolution (typically 480 lines).

*These selections are significant only when an interlaced camerais used.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 3

Image Acquisition Parameters

Trigger/Rate/Source/Strobe Selections

These selectionsrefer to the fields labeled Focus Trigger, Rate per Minute,
Focus Source I/0, and Focus Strobe 1/0O.

The description and procedures for making these selections and assignments
are the same as those described on page 3-45. The difference is that these
assignments apply only to the adjustment of the camera focus and lighting
resolution.

Shutter Speed Selection

The Shutter Speed field is active only when a frame reset cameratype
(such as the 2801-YE), or a custom frame reset cameratype, is selected. This
field enables access to the calculator pad, which is used to select a shutter
speed setting, in microseconds, for the 2801-Y E (or other) frame reset
camera. The valid range for al camerasis 200 to 8000 microseconds.

Focus Function

When the auto/internal trigger source or a repeating external trigger sourceis
active, the focus function can capture a series of cameraimages, which
enables you to adjust the camera focus and aperture, and make the necessary
lighting and workpiece staging adjustments.

To enter the focus function, pick the [EEZ=l button on the camera setup
panel. Figure 3.3 (page 3-6) illustrates the screen with the focus function
active.

NOTE: When using an external trigger source, if too much time elapses
between trigger pulses (about five seconds), system warning message #3072
appears on the display, as shown in Figure 3.4 (page 3-6). If you see this
message, you can either pick the [IEE===3l button to exit the focus function, or
you can pick the (=22 button to re-enable the focus function (when you
expect atrigger signal to occur within five seconds).

When you are finished with the focus function, pick the IEZ button in the
“Focus” box to return to the camera setup panel.
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Figure 3.3 Example: Camera Image With Focus Function Active

Figure 3.4 Trigger Time-out Warning Message

Sysztem Warning 38YZ2

Timed out waiting for trigger

Light Reference Adjustment

The light reference adjustment function can be used to optimize the image
contrast.

NOTE 1: Adjust the light references before configuring any of the
inspection tools.

NOTE 2: Before adjusting the light references, be sure the lighting and the
camera focus and f—stop settings are optimized for your application.
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When you pick the IEETEEE==E button on the camera setup panel, the
cameraimage appears along with the adjustment cursors, as shown in
Figure 3.5.

Figure 3.5 Selecting Light Reference Adjustment

' njgjﬁfd Adjacent back-
(foreground) ground

The degree of contrast within any given image is a function of the difference

between the darkest and lightest pixels within that image. For example, if the
brightness level of the inspected object were 130 (on a scale of 0 to 255) and

the adjacent background were 165, the contrast difference between them may
not be sufficient to allow reliable inspection tool operations.

By adjusting the light reference appropriately, you can enhance the “natural”
image contrast by, in effect, expanding the existing narrow range
(130-t0-165, in the preceding example) to awider range such as 70 to 180,
thereby increasing the contrast and improving the inspection tool
performance.

Your main objective in adjusting the light reference is to optimize the contrast
between the inspected part of the workpiece and the adjacent background.
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Light Reference Settings

The light reference settings are adjusted by picking and dragging the left (Hi)
and right (Lo) cursors up or down, or by picking a point along the left or
right side of the slide bar. In the latter case, the cursor will jump to the
location of the light pen/mouse cursor.

The two references select high and low brightness values or “ cutoff points’
that apply to all pixelswithin the image. They interact to affect the contrast
in the entire image. Individually, the reference settings have the following
effects:

e Hireference setting — The Hi reference has a value within arange of 1
to 255, where 1 is the lowest brightnessin this range and 255 is the
highest. This setting determines the upper limit for the brightness of the
lightest pixelsin the gray scale image. (Note that the lower limitis
bounded by the Lo reference setting; thus, if the Lo referenceis set to
127, the Hi reference cannot be set lower than 128.)

Thus, any pixelsin the image whose original brightnessis higher (that is,
lighter) than the corresponding high reference will change to saturated
(255) white. (Note that during the adjustment these parts will appear
green, as explained later.)

e Lo reference setting — The Lo reference has a value within arange of O
to 254, where 0 is the lowest brightness in this range and 254 is the
highest. This setting determines the lower limit for the brightness of the
darkest pixelsin the gray scaleimage. (Note that the upper limitis
bounded by the Hi reference setting; thus, if the Hi referenceis set to 128,
the Lo reference cannot be set higher than 127.)

Thus, any pixelsin the image whose brightnessis lower (that is, darker)
than the corresponding low reference will change to saturated (0) black.
(Note that during the adjustment these parts will appear blue, as explained
later.)

You can see the high and low values in the boxes above and below the dlide
bar. Asyou move each cursor up and down, the corresponding box displays
the changesin the value.

NOTE: The CVIM2 system acquires a new image every time you move a
light reference cursor. The trigger defined in the Setup Camera panel is
used for this purpose. Usually, the Auto cameratrigger is used when setting
the light references; however, when using an external trigger source, if no
trigger pulse occurs within about five seconds after you attempt to move a
cursor, system warning message #3072 appears on the display, as shown in
Figure 3.4 (page 3-6). If you see this message, you can either pick the
(== button to discontinue the attempt to move the cursor, or you can
pick the IEZ= button to try again (when you expect atrigger signal to occur
within five seconds).
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The interactive result of the two cursor settingsisthis. All portions of the
image whose brightness values are between the high and low light reference
values will have digitized pixel values between 0 and 255. Portions of the
image that are brighter than the high reference will have a digitized pixel
value of 255. Portions of the image that are darker than the low reference
will have a digitized pixel value of 0.

Here is amethodical approach to setting the two cursors for any application:

1. Dragthe Hi cursor up to its highest position (value: 255).
2. Dragthe Lo cursor down to its lowest position (value: 0).

3. Usethe Focus function to optimize the focus and set the camera and
lighting for maximum brightness in an image of the parts to be inspected.

NOTE: If image saturation or “blooming” occurs, reduce the image
brightness by reducing the aperture, or, if practicable, by dimming the
lighting.

4. Drag the Hi cursor slowly downward until a green color begins to appear
in the brightest areas of the image. Then, drag the cursor gradually
upward until the green color just barely disappears from the image.

It is acceptable to let some portions of the image remain green (saturated
white) if they are not used for inspection.

5. Drag the Lo cursor slowly upward until ablue color begins to appear in
the darkest areas of the image. Then, drag the cursor gradually
downward until the blue color just barely disappears from the image.

It is acceptable to let some portions of the image remain blue (saturated
black) if they are not used for inspection.

At this point, the contrast between all inspection—related parts of the image
will be maximized. You may, however, still be able to improve the contrast

by making dlight changes to the lighting, camera aperture setting, and light

references.

Figure 3.6 (page 3-10) provides an example of how aworkpiece image
might appear before and after maximizing the contrast.
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Figure 3.6 Example: Before and After Light Reference Adjustment

BEFORE:
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Light Probe Setup

The light probe tool provides alighting compensation function, which
enables the CVIM2 system to adjust to changes in the brightness of the
image. One light probe is available for each camera.

The practical value of lighting compensation isits ability to adjust the light
reference automatically for each acquisition and obtain consistent images
over arange of lighting variations.

When you pick the IEEEEE=z button on the camera setup panel, the camera
image appears with the light probe “box,” as shown in Figure 3.7.

Figure 3.7 Selecting Light Probe

Light probe
/" box
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Light Prohe
Status Disabled
Hominal 128 . 8808
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Light Probe Operation: General

The light probe tool is asmall, special—purpose window or “box” that is
positioned during configuration over a user—designated light reference
“patch” somewhere in the top half of the image. Typically, the patch should
be near the top of the image, and always at least eight raster lines above the
highest tool. During inspection operations, the light probe measures the light
intensity reflected from the reference patch on a scale of 0to 255 (0 isthe
darkest light intensity and 255 is the brightest), and the CVIM2 system
calculates the average value of the pixels within the light probe.

The light probe is a pre-inspection tool. Thus, when the light intensity
changes from the original setting, the CVIM2 system uses the light probe’s
calculated value to modify gray scale values from the camerain order to
produce the best match to the original image. When the image is thus
compensated, the threshold and filter values for the inspection tools remain
valid.

Note that the calculated average value reflects the brightness of the reference
patch relative to the minimum and maximum values of 0 and 255. Therefore,
in order to ensure adequate light compensation flexibility, the light reference
patch should be a shade of gray that yields an initial value in the range of 160
to 200. This allows amargin for both an increase and a decrease in light
intensity.

The basic steps for configuring the light probe for use are these:

e |f asuitable background areais not available in the field of view, prepare
alight— or medium—gray reference “patch” and position it within the
image using the Focus function.

e Enablethelight probe for use by setting the Enabled/Disabled button to
Enabled.

e Position and “size” the light probe “box” over the reference area or
“patch” using the IEEM (pick and place) button.

e Storetheinitial calculated average brightness of the pixelsin the light
probe window, using the Nominal or “learn” function.
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Light Probe Panel

The Light Probe panel, shown in Figure 3.8, contains two fields and two
buttons: The Status field, which enables or disables the light probe tool, and
the Nominal field performs a“learn” operation, which causes the light probe
tool to acquire a sample or “nominal” luminance reading.

Figure 3.8 Light Probe Panel

Light Prohe

Status Disakled
Hominal 128 . 8088

Satus — The light probe status isindicated by the Status field in the Light
Probe panel. By default, the status is Disabled.

When you pick the Status field, the status toggles from Disabled to
Enabled, or vice versa, with the following effects:

e Disabled — Thisindicates that the light probe for the associated camera
isinactive, and lighting compensation will not be provided.

e Enabled — This means that the light probe for the associated camerais
active, and lighting compensation will be provided.

Nominal — The nominal value isindicated by the Nominal field in the Light
Probe panel. When you pick the Nominal field, the light probe performs a
“learn” operation, during which it calculates the average luminance of the
pixelsin the light probe box and displays the result in the Nominal field.

The button enables you to position and “size” the light probe box, and
the I button exits the light probe setup and returns to the Camera panel.

Light Probe“ Tool Type’ and Range Limits

Range limits can be selected for alight probe by selecting a Probe tool type
in the tool set edit panel, as shown in Figure 3.9 (page 3-14).

When you pick Probe in the toolset edit panel, the Range panel appears, as
shown in Figure 3.9. Note that the nominal value (from the “learn” operation
described earlier) appearsin the Range panel. Using the nominal value as
the basis for determining the appropriate range limits, select the range limits
as described in Chapter 7, Inspection Tools, on page 7-179.
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Figure 3.9 Selecting Probe Tool Type and Range Limit Panel
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Light Probe Tool Results and Math Tool Formulas

This section discusses the expanded inspection results that are available to a
math tool formulafrom a probe tool. Figure 3.10 illustrates the complete list
when the Statistics option is enabled for the light probe tool.

Figure 3.10 Expanded Results Lists For Light Probe Tools in Math Formulas
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Hereisabrief definition and explanation of each of the expanded result
typeslisted in Figure 3.10.

Pass — Thisreturns a 1.000 when the tool has passed its inspection task,
and 0.000 for all other conditions.

Warn — Thisreturnsa“error code” when the tool isin awarn condition
(and not in afail condition) and 0.000 for al other conditions. The error
code identifies a specific reason for the warning; for example, error code
1057.000 identifies “Low range warning” as the cause. The complete list
of error codes and warn conditions appearsin Appendix A of this manual.

Fail — Thisreturnsa“error code” when the tool isin afail condition and
0.000 for &l other conditions. The error code identifies a specific reason
for the failure; for example, error code 1045.000 identifies “High range
fail” asthe cause of the inspection failure. The complete list of error
codes and fail conditions appearsin Appendix A of this manual.

Fail High — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the high Fail l[imit and 0.000 when the result has not
exceeded the high Fail limit.

Warn High — Thisreturns a1.000 when the inspection result from the
tool has exceeded the high Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the high Warn
limit.

Warn Low — This returns a 1.000 when the inspection result from the
tool has exceeded the low Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the low Warn
limit.

Fail Low — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the low Fail limit and 0.000 when the result has not
exceeded the low Fail limit.

Result — This returns the actual value of the light probe result; that is,
the luminance value from the light probe tool. This value corresponds to
the “learned” value that appearsin the “Nominal” field of the Light
Probe panel. Light probe results can range from 0.000 (darkest) to
255.000 (lightest).

*Samples — This returns the current total number of inspection samples
since the start of run operation.

*Min — This returns the current minimum value of the inspection results
since the start of the run operation.

*Max — This returns the current maximum value of the inspection results
since the start of the run operation.

*Sum — This returns the current sum of all inspection results since the
start of the setup or online run operation.

*Sum2 — This returns the current sum of the squares of all inspection
results since the start of the setup or online run operation.

3-15

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 3

Image Acquisition Parameters

*These expanded statistical results are available only when atool is enabled
for statistics operations, as indicated by Stats appearing in the Enabled
column for the corresponding tool.

Calibration Setup

This section discusses the calibrate function, which enables you to calibrate
the image field from each camerato inches, centimeters, or any other “world
units’ of your choice, and perform linear gaging operations (such as linear
measure) in those units. Included in this discussion is a simple application
example whose main purpose is to demonstrate the procedure for using the
calibrate function.

The calibration function uses an X—axisand a Y—axis “gage” to detect the
edges acrossthe X and Y axes of a calibration object, which is an object of
known dimensions. Each “gage” operates like aline gage performing alinear
measurement operation — it returns araw pixel count that you can then
calibrate to world units.

Calibration Applications

Calibration applies mainly to linear and circular gaging operations, using
linear measure, in applications that require uniform measurements of a
workpiece in the X—and Y —axes that are typically stated in “world units,”
such as inches and centimeters.

Other usesinclude applying the “scaling” values, which are derived from the
calibration operation, to a math tool formula set up to perform window area
measurements in world units.

Calibration: Basic Steps

Hereisasummary of the basic calibration steps, listed in their normal order
of performance.

1. Set up calibration object image — acquire a cameraimage of an object
of known dimensions to be used as the “ calibration object” in the
calibration procedure.

2. Select calibrate function — select the calibrate function in the
appropriate Camera setup panel.

3. Select calibration mode — select the “Computed” or the “ Absolute”
calibration mode.

3-16
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 3

Image Acquisition Parameters

4. Enter scalefactors— For the Absolute calibration mode only, enter the
appropriate scale factors for each calibration gage.

5. “Pick and place” calibration gages — For the Computed calibration
mode only, position the calibration gages over the workpiece image as
required. (For details, see Chapter 5, Pick and Place Functions.)

6. Set thresholds— For the Computed calibration mode only, set the
threshold cursors to a point where the reference edges are optimized
alongthe X and Y calibration gages (For details, see Chapter 8,
Threshold, Filters, and Morphology.)

7. Select offsets — For the Computed calibration mode only, select the
two offsets on each calibration gage that correspond to the desired points
between which the calibration measurements must take place.

8. Calibrate — For the Computed calibration mode only, enter X—and
Y —axis dimensions and perform the “learn” functions.

9. Select scale factors— For the Absolute calibration mode only, enter the
scale factors.

Image Setup

In preparation for the calibration procedure, you must acquire a camera
image of a“calibration object,” which can be any object whose dimensions
inthe X and Y axes are accurate enough to be used as the basis for
calibrating the toolsin your application. If the actual object to be inspected is
not available, you should use an object of similar size to perform the
calibration.

NOTE: You must select the cameraresolution that you intend to use in your
application before performing the calibration procedure. If you were to
change the resolution selection after performing the calibration procedure,
you would need to repeat the procedure.

Selecting Calibrate Function

After acquiring a cameraimage of your calibration object, your next step is
to pick the button on the appropriate Camera setup panel. When
you do, the Calibrate panel and the X—and Y—axis calibration “ gages’
appear in the image field, as shown in Figure 3.11 (page 3-18).
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Figure 3.11 Calibrate Panel With X and Y Axis “Gages”
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A calibration “gage’ is essentially the same as alinear gage tool, but it hasa
few limitations that are appropriate to its use in the calibrate function.

The Calibrate panel has two sets of identical parameter selection fields and
function selection buttons for the X—axis and Y —axis gages. These selection
fields and buttons are described briefly, as follows:

e Gage Mode— Thisfield selects either the gray scale mode or the binary
mode of edge detection for the corresponding axis. Generally, you should
select the same gaging mode for the calibrate gages and the gage toolsin
your application. The default gage mode is Gray. To change the gage
mode, pick the gage mode field.

e Width — Thisfield provides access to the selection of the gage width.
The default setting is 1.

e Cal. Mode — Thisfield selects either the Computed calibration mode or
the Absolute calibration mode. The default is Computed. To change the
calibration mode, pick the Cal.Mode field.

e Nominal — When you pick this field, the corresponding gage performs a
linear measurement in pixels, with the results appearing in thisfield. The
default valueis 1.000.

e Dimension — Usethisfield to calibrate the X—axis or Y—axis by entering
the actual dimension of the calibration object in “world units.”
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e Scale— When the“Computed” calibration mode is selected, thisfield
will display the computed “scale”’ value, which isthe ratio of the “world
units” dimension (such as inches) of the calibration object to the same
dimension in pixels (the Nominal or “learned” value). When the
“Absolute” calibration mode is selected, you can enter a predetermined
scale value directly into thisfield.

e P&P Gage— The I button activates the gage pick and place
function. You can change the length and position of the calibrate gages,
but you cannot rotate them from their X— or Y —axis orientation. For
details about this function, see Chapter 5, Pick and Place Functions.

e Threshold — The B2 button accesses the threshold cursors. For
details about this function, see Chapter 8, Thresholds, Filters, and
Mor phol ogy.

e FeatureA, Feature B — The IS and buttons accesses
the “feature,” or edge selection panels for the respective features.

e Units— When you pick thisfield, a“typewriter” keyboard appears on
the display, on which you can enter the appropriate name of the “world
units” (such as“Inches”).

e Done— When you pick the Iz button, the system exits back to the
Camera setup panel.

Calibrate Mode: Computed M ode vs Absolute M ode

The calibrate function provides two methods of calibration: the Computed
mode, and the Absolute mode.

Computed mode — The calibrate function defaults to the Computed mode,
which is the appropriate mode when you want the CVIM2 system to compute
the calibration scale on the basis of you choice of “world units’ (such as
inches) per pixel. Using this mode, you position the calibration gages and
perform a Nominal (or “learn”) function to “learn” the calibration object
dimension in pixels, then enter that dimension in world units (such as inches)
to perform the scale computation.

Absolute mode — The Absolute mode is appropriate when you already
know the scale values; that is, you know that each pixel in theimage field
represents n world units (such as inches), or fractions thereof. Using this
mode, you simply enter the scale value, n. The calibration gages are not used.

Figure 3.12 (page 3—20) shows a Calibrate panel with the Computed mode
selected for the X calibration gage and the Absolute mode selected for the Y
calibration gage (normally, both calibration gages would use the same
Cal.Mode selection).
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Figure 3.12 Calibrate Panel With Computed and Absolute Modes Selected
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All parameter fields are shown in their initial state.

Note that in the Computed calibration mode the Scale field isinactive
(shaded type), indicating that you cannot enter valuesinto thisfield. Itisfor
display only in the Computed mode. All of the other fields and buttons are
active.

In the Absolute calibration mode, only the Cal.Mode and Scale fields are
active, indicating that in this mode you can only enter a scale value or change
the calibration mode.

Selecting Gaging M ode (Computed M ode Only)

Each of the calibrate gages can be configured to operate in either the binary
gaging mode or the gray scale gaging mode, according to the requirements of
the application.

e Binary mode — The binary gaging mode uses binarization thresholds to
display and process pixelsin two states, white and black. The only pixels
displayed in binary are those that directly surround the gage in a box
called the “area of interest.”

The binary gaging mode is most appropriate when the inspected
workpiece has a sharp black—and—white contrast with its background,
such aswhen it is backlighted.

e Gray scale mode — The gray scale gaging mode detects edges and
objects using the rate of change of the gray scale values of the pixels
examined by the gage.

Gray scaleis appropriate when you need greater precision in linear
measurements.
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Pick and Place Functions (Computed Mode Only)

After acquiring an appropriate cameraimage of the calibration object, as
described under the Image Setup heading on page 3-17, you should pick the
button for the X—axis (or Y—axis) gage, then position the gage so
that it crosses the calibration object along the X—axis (or Y—axis).

Figure 3.13 shows the X—axis and Y —axis gages positioned across an
example calibration object.

Figure 3.13 Calibration Gages Positioned Over Example Calibration Object

Y -axis gagge ——

X—axis gage

/

Example
<«——— calibration——»

object

If necessary, refer to Chapter 5, Pick and Place Function, for information
about pick and placing gages.
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Threshold Adjustments and Offset Selections (Computed Mode Only)

After positioning a gage across the calibration object, perform the threshold
adjustment, whichever is appropriate for the selected gaging mode (binary or
gray scale). For information about these adjustments, refer to Chapter 8
under the Gaging Tools: Binary Threshold Procedures or Gaging Tools:
Gray Scale Edge Detection.

The threshold adjustments should be performed so that they result in cross
(+) symbols appearing on the two reference edges on the calibration object,
asillustrated by the example in Figure 3.14.

Figure 3.14 Example: Threshold Adjustment (Gray Scale Mode)

Gage Threshold
Kernel II'

-

-

Thresh

If additional +'s appear along the gage, as shown in Figure 3.14, pick the
and buttons in the Calibrate panel to select the offsets
that correspond to the proper reference edges. Thisis shown by the example
in Figure 3.15 (page 3-23). In the example, offset 1.0 is selected for both
“Feature A” and “Feature B.” These offsets correspond to the outside edges
on the calibration object.
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Figure 3.15 Example: Offset Selection
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Selecting the “world units’ involves simply selecting the appropriate name,
such as“Inches,” for the calibrated measurements. When you pick the Units
field, a“typewriter keyboard” appears on the display. Initialy, the name
“Pixels” appearsin the Units field and in the keyboard name field. To select
adifferent world units name, pick the characters of that name, then pick the
button on the keyboard.

NOTE: The choice of world units name has no effect on the scale
computations. It isfor display purposes only.

Performing Scale Computation (Computed Mode Only)

The scale computation is performed in two steps. determining (“learning”)
the distance between the two offsets on the calibration gage in pixels, and
entering the distance between those offsetsin “world units,” such asinches.

The calibration object shown in Figure 3.14 (page 3-22) and Figure 3.15
provides an example for illustrating a scale computation. When you pick the
Nominal field (which initially is always 1.000), the gage performs the learn
operation, as shown in Figure 3.16 (page 3-24). The gage measures the
distance between the Feature A and Feature B offsets along the X calibration
gage and displays the result, in pixels, in the Nominal field.
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Figure 3.16 Example: Performing Nominal or “Learn” Operation
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Note that the distance between the Feature A and B offsets — the Nominal
value — is 382.983 pixels. Note also that the Scale value is now 0.0026,
which istheratio of the current Dimension value (1.000, the default value)
to the current Nominal value (382.983). Thus, 1 + 382.983 = 0.0026 (thisis
rounded to four places for display purposes only; the actual value, stored in
memory, is based on 32-bit floating point calculations).

To compl ete the scale computation, and thereby calibrate the distance
between the Feature A and B offsets to the “world units’ distance of 2.000
inches (in this example), pick the Dimension field. When you do, the
“calculator pad” appears. Enter 2.000 in the calculator and pick the IEXE
button. At that point, the Scale value will be recomputed, and will appear as
“0.012" in the Scale field, as shown in Figure 3.17 (page 3-25).

After completing the scale computation for one calibration gage, repeat the
process for the other gage.

After completing the scale computation for both calibration gages, pick the
button to exit the Calibrate panel and return to the selected Camera
setup panel. Subsequent linear measurements by gages using images from the
selected camerawill be returned in inches (in this example).
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Figure 3.17 Performing Scale Computation to “Real World” Measurement Units
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Entering Scale Value (Absolute M ode Only)

For applications in which the scale value can be calculated on the basis of
specific lens sizes and settings, and where the exact relationship between
pixelsin the image field and “world units’ values can be determined, you can
select the Absolute calibration mode can enter the scale values directly into
the Scale field.

Thus, if you determined that 382.983 pixelsin the image field was equival ent
to 2.000 inches (to borrow from the example in Figure 3.17), you would
divide 2.000 by 382.983 to calculate the scale value (0.0052221, in this case)
and enter that value directly into the Scale field, as shown in Figure 3.18.

Figure 3.18 Example: Entering Predetermined Scale Value (Absolute Mode)
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Note that the scale value that you entered (0.0052221) is rounded to four
places (0.0052) in the Scale field; however, the original valueis stored in
memory exactly as you entered it.

After entering the predetermined scale values for both axes, pick the
button to exit the Calibrate panel and return to the selected Camera setup
panel. Subsequent linear measurements by gages using images from the
selected camera will be returned in Inches (in this example).

Acquisition System Settings ~ When you pick the IEEZEE button in the Acquisition Editor panel, the
Acquisition System Settings panel appears, as shown in Figure 3.19.

Figure 3.19 Selecting the Acquisition System Settings Panel
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The Acquisition Systems Settings panel selects the default cameratype,
the horizontal and vertical sync sources, and camera bank switching
parameters. The panel contains a scrolling list and several parameter
selection fields, which are described briefly as follows:

e Default Camera Type panel — This scrolling list panel enables you to
select a default cameratype. This cameratype sets the horizontal and
vertical timing and scan modes for the entire system.

e Horizontal Reference box — This box selects either the internal or an
external horizontal reference source.

e Vertical Reset Source box — This box selects either the internal or an
external vertical reset source.

e Bank Switch Mode — Thisfield salects the bank switch mode. The
choices are “On Command” or “Automatic.”
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e Bank Switch Command I nput — Thisfield selects the bank switch
command input assignment on either the Module 1/O or the System 1/O.
It is active only when the “On Command” bank switch mode is selected.

e Bank Switch State Output — Thisfield selects the bank switch
command output source (from either the Module 1/0O or the System 1/O)
when the bank switch modeis“On Command.”

Default Camera Type

The CVIM2 system uses the default cameratype as the basis for determining
the horizontal and vertical frequencies that regulate the “ squareness’ of the
pixelsin the cameraimage. Thus, for example, when the 2801-Y C camerais
selected as the default camera type, images from a 2801-Y C camera will
contain the squarest possible pixels, while images from other cameras (such
as the 2801-Y D) will not be square.

For applications using more than one cameratype, the default cameratype
should be selected for the camera(s) whose inspection tasks (such asrotation
finder) are the most sensitive to pixel squareness.

Horizontal Reference Source

For most applications, the CVIM2 system can supply horizontal timing or
“sync” signalsfor al cameras on the basis of the horizontal reference for the
default cameratype. For some applications, however, an external horizontal
timing source may be required. Here are two such application situations
requiring an external horizontal reference:

e A non-standard camerais used, and it generates its own horizontal timing
signals and cannot be driven from the CVIM2 system.

e A “genlock” timing device is used to synchronize all CVIM2 systems and
cameras when multiple systems and/or cameras are used.

In either of these situations, “External, Cam.4 In” should be selected in the
H.Reference box. In addition, a cable from the external synchronizing
source must be attached to the camera #4 input on the CVIM2 front panel.

NOTE: The Allen—Bradley Company does not supply cables for connecting
external timing sources to the camera connectors on the CVIM2 front panel.
Thus, when a cable must be fabricated, use the pinout diagram shown in
Figure 3.20 (page 3—28) as the basis for wiring the cable.
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Figure 3.20 Pinout Diagram: CVIM2 Front Panel Camera Connector

View: Facing a camera connector
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Pin 1 Gnd

Pin 2 +12V Out
Pin 3 Video In (G)
Pin 4 Video In
Pin 5 Ext HD Out (G)
Pin 6 Ext HD Out
Pin 7 Ext VD Out
Pin 8 Gnd

Pin 9 NC

Pin 10 Gnd

Pin 11 +12V Out
Pin 12 Ext VD Out (G)

Vertical Reference Source

For most applications, the CVIM2 system can supply vertical timing or
“sync” signalsfor all cameras. However, for some applications (except those
using frame reset cameras) an external vertical timing source, synchronous
or asynchronous, may be required. Here are three application situations using
an external vertical reference:

e A non-standard camerais used, and it generatesits own vertical (and
horizontal) timing signals and cannot be driven from the CVIM2 system.

e A “genlock” timing device is used to synchronize al CVIM2 systems and
cameras when multiple systems and/or cameras are used.

e Two CVIM2 systems are used, and camera#1 on one system (the master)
supplies vertical (but not horizontal) “sync”to camera#1 on the other
system (the slave) through the camera #4 connector on each system.
Cameras #2 and #3 on the two systems can be linked in a similar manner
through the camera #5 and #6 connectors on each system.

In the first two situations, where both the vertical and the horizontal timing
signals must be synchronized externaly “External, Synchronous, Cam.4
In” must be selected in the Vertical Reset Source box. In the third
situation, where only the vertical timing signals are synchronized, “External,
Asynchronous, Cams.4, 5 and 6 In” must be selected.
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Camera Bank Switching

The CVIM2 system can service three cameras inputs at onetime: cameras
#1, #2, and #3, or cameras #4, #5, and #6. The bank switch function provides
ameans of switching between the two “banks’ of cameras while the system
is operating online. (By default, cameras #1, #2, and #3 are always selected
after system powerup.)

NOTE: In order to use camerainputs #4, #5, and/or #6, you must install an
external +24VDC power supply as described in Chapter 1, Hardware
Connection and Powerup Check.

Bank Switch Mode

The bank switching function can be initiated either on command, from a
signal on adiscrete input, or automatically, from atrigger signa to the
unselected camera bank. You can choose the switching mode by picking the
Bank Switch Mode field in the Acquisition System Settings panel. When
you pick thisfield, it toggles from On Command to Automatic, or vice
versa

On Command — This bank switch mode requires using a discrete input to
select the appropriate camera bank. For this purpose, you must pick the Bank
Switch Command Input field to select an available input in either the
Module 1/O or the System 1/O discrete 1/O editor panel.

When a signal level change occurs on the assigned input, the system switches
from one camera bank to the other. Thus, if cameras #1, #2, and #3 are
currently active, and the bank switch signal level is asserted, the system will
deactivate cameras #1, #2, and #3 and activate cameras #4, #5, and #6.
Subsequently, when the bank switch signal level drops, the system will
activate cameras #1, #2, and #3 and deactivate cameras #4, #5, and #6.

A delay will occur from the moment that the bank switch input level changes
until the system is ready to process triggers, as follows:

e Polling latency delay: approximately 25msto respond to the level
change, plus

e Bank switch delay:

— Cameras across banks #1 and #4, #2 and #5, or #3 and #6 are
compatible (that is, both are free-running cameras, such as the
2801-YC or =YD, or both are frame reset cameras, such asthe
2801-YE): approximately 80ms, or

— Cameras across banks #1 and #4, #2 and #5, or #3 and #6 are not
compatible (that is, one is afree—running camera, such asthe
2801-Y C or =Y D, and the other is aframe reset camera, such as the
2801-YE): approximately 200ms.
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Note that the delays are cumulative; that is, the total delay consists of the
polling latency plus one of the two bank switch delays.

Automatic — This bank switch mode causes the CVIM2 system to switch
automatically to the inactive camera bank when it receives atrigger
corresponding to one of the unselected bank’s cameras. Thus, if cameras#1,
#2, and #3 were currently selected and atrigger arrived for camera#4, the
bank switch to cameras #4, #5, and #6 would take place automatically.

A delay will occur from the start of atrigger until the system isready to
process the trigger, as follows:

e When the trigger queue is empty, no acquisition isin progress, a bank
switch isrequired to process the trigger, and either:

— Cameras across banks #1 and #4, #2 and #5, or #3 and #6 are
compatible (that is, both are free—running cameras, such as the
2801-Y C or —YD, or both are frame reset cameras, such as the
2801-YE): approximately 40ms, or

— Cameras across banks #1 and #4, #2 and #5, or #3 and #6 are not
compatible (that is, one is afree-running camera, such asthe
2801-Y C or —Y D, and the other is aframe reset camera, such asthe
2801-YE): approximately 160ms.

e When the trigger queue is not empty, it is placed in the trigger queue, and
processing is delayed further until all previous triggers are processed (all
triggers are handled sequentially).

Note that the delays are cumulative; that is, the total delay consists of the
trigger queue delay plus one of the bank switch delays.
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Bank Switch Command I nput

The Bank Switch Command Input field is active only when the On
Command bank switch mode is selected. Thisfield accesses a discrete 1/0
edit panel, where you can assign the Bank Switch command to one of the
Module 1/0O or System 1/O inputs, and thereby control bank switching from
your process eguipment.

When you pick the Bank Switch Command Input field in the Acquisition
System Settings panel, the Module 1/O panel appears, as shown in
Figure 3.21.

Figure 3.21 Example: Assigning Bank Switch to Module /O Input 0

Bank Switch Mode On Command
Bank Switch Command Input 1/-0-Hone

Bank Switch State Output ’(IO—Nune

B
Ad

Discrete 1-0 Set "Bank Switch”

4

Bank Switch

InsOut Signa:atkne

(Note that the Module I/O pand aways appears first by default. If you want
to assign the bank switch function to a System 1/O input, you can pick the
button to access the I/O Device panel, from which you can then
select the System 1/O panel.)

Asthe examplein Figure 3.21 illustrates, when you pick the“In 0” field in
the Module 1/O pandl, “Bank Switch” appearsin the field, indicating that it
is now assigned as Module 1/O input 0. (Note that you can remove Bank
Switch from input O by picking the same field again.)

After assigning the bank switch function to the appropriate input, pick the
button to exit back to the Acquisition System Settings panel.
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Bank Switch State Output

The Bank Switch State Output field accesses a discrete 1/0O edit panel,
where you can assign the Bank State status signal to one of the Module 1/0
or System 1/O outputs, and thereby enable the CVIM2 system to signal your
process equipment when a bank switch has occurred.

NOTE: TheBank State signal is aways inactive when cameras #1, #2, and
#3 are active, and is always active when cameras #4, #5, and #6 are sel ected.

When you pick the Bank Switch State Output field in the Acquisition
System Settings panel, the Module 1/O panel appears, as shownin
Figure 3.22.

Figure 3.22 Example: Assigning Bank State to Module /O Output 2

Bank Switch Mode On Command
Bank Switch Command Input I1/0—-Hone
Bank Switch State Output I-0-Hone

{'
m{

Discrete [-0 Set "Bank State"

3

A

Dizcrete I-0 Set "Bank State"

s

(Note that the Module I/O panel aways appears first by default. If you want
to assign the Bank State signal to a System 1/O output, you can pick the
button to access the I/0O Device panel, from which you can then
select the System 1/O pandl.)

Asthe examplein Figure 3.22 illustrates, when you pick the “Out 2” field in
the Module 1/O panel, “Bank State” appearsin thefield, indicating that it is
now assigned as Module 1/0 output 2. (Note that you can remove Bank
State from output 2 by picking the same field again.)
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After assigning the bank state status to the appropriate output, pick the
button to exit back to the Acquisition System Settings panel.

The Camera Type scrolling list, as shown in Figure 3.23, appears in two
places. the Acquisition Editor panel, and all of the Camera panels.

Figure 3.23 Example: Camera Type Scrolling List Panel

Camera Tupe

TS O [~

2881 ¥YC ]
2881 YE
Camera XYZE I_

Thislist shows al of the “standard” cameras that the Allen-Bradley
Company supports, along with any number of non—standard cameras (such
as“Camera XYZ" in the example) that a user has configured for use with
the CVIM2 system.

The highlighted camera name in the scrolling list is the currently selected
cameratype (2801 YC in the example). To select another name, just pick the
name. When you do, the new name is highlighted and the previous nameis
unhighlighted.

In the Acquisition Editor panel, you can edit some of the selected camera’s
timing parameters, and you can copy alisted cameratype to create a new
non—standard camera type under a different name.

In aCamera panel, the selected camera type should correspond to the type
that will be connected to the camera port whose number is shown in the
Camera pandl title bar (such as“Camera 1"). In addition, you can edit
some of the selected camera’s timing parameters.

Camera Type Edit Panel

The Camera Type edit panel contains several parameter selection boxes and
fields pertaining to the cameratiming and scan modes for each camerartype.
For the standard Allen—Bradley cameras (2801-YC, —-YD, YE, and YF),
most of these parameters are inaccessible — they cannot be changed. For
non—standard camera types, however, most of the parameters are accessible
and can be changed to whatever values are appropriate for a particular
non-standard camera.
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Editing Standard Allen-Bradley Cameras

When you highlight one of the standard camera typesin the Camera Type
scrolling list panel and then pick the [IZExEll button below the panel, a
Camera Type edit panel appears. Figure 3.24 shows the edit panel for the
2801-Y C “standard” camera. The parameters shown in shaded type are the
ones that cannot be changed for standard Allen—Bradley cameras. For these
cameras, only afew of the horizontal and vertical timing parameters can be
changed.

Figure 3.24 Example: Selecting Camera Type Edit Panel

Camera Type

2881 YD
28Ul YC I_

2801 YE (o]
Camera XYZE I_ 4

Camera Type "'2801 YC"

0@
0®0
0000 =

Although these parameters can be adjusted, the default values for the current
standard Allen—Bradley cameras are normally appropriate for most
applications.

The effect of adjusting the Horizontal Timing parameters is described
briefly, asfollows:

Acqg. Pixels (Pixels) — This parameter indicates the number of pixels that
are acquired across the image horizontally. Normally, the default setting of
512 is appropriate; however, the Acq.Phase (Pixels) value can be set within
the following range:

64 = Value = 640 — 2(Acg. Phase)

Figure 3.25 (page 3-35) shows the effects of changing the value of the Acq.
Pixels (Pixels) parameter to 640 (the maximum) and 64 (the minimum). As
the examplesin Figure 3.25 show, the effect of increasing the valueisto
acquire the image, up to its full width (640 pixels), while the effect of
decreasing the value is to truncate the image equally on both sides of the
image. In this case, only the center 64 pixels of theimage is acquired.
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Figure 3.25 Example: Effect of Different Acq.Pixels Settings on Displayed Image

Acq. Phase =
0 (all)
I I . .
A Pixels= N BN BN B .
512 Il I I I .
i I N N .
Acqg. Pixels =
64
Acq. Pixels=
640

Acqg. Phase (Pixels) — The acquired pixels are normally centered within the
camerasfield of view (centered on pixel 320 out of 640). By changing the
value of the Acq. Phase (Pixels) parameter, you can shift the center of the
acquired region left or right. Normally, the default setting of O is appropriate;
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however, the Acg.Phase (Pixels) value can be set within the following
range:

— (640 —Acqg. Pixels) + 2 = Value = +(640-Acq. Pixels) ~ 2

NOTE: Changing the Acg. Pixels and Acg. Phase values does not affect
the image acquisition time.

The example in Figure 3.26 shows the effect of changing the value of the
Acq. Phase (Pixels) parameter to 64 (with the Acg. Pixels (Pixels)
parameter set to 512, in this case). Note that thisimage appears shifted to the
left, compared to the “512" image shown in Figure 3.25 (page 3-35). In fact,
the leftmost 64 pixels of the image are truncated in this case.

Figure 3.26 Example: Effect of Maximum Acg. Phase Setting on Displayed Image

[ Acg. Phase=64 | [ Acg. Pixels=512 |

In Figure 3.27 (A) on page 3—-37, the dotted lines show that the center of the
512 acquired pixelsis centered in the full 640—pixel image when Acg.
Phase (Pixels) isset is 0. In Figure 3.27 (B), the dotted lines show that the
center of the 512 acquired pixels has moved 64 pixels to the right when the
Acg. Phase (Pixels) is set is 64 (this is the example shown in Figure 3.26).

Note that the reverse would be true if the Acq. Phase (Pixels) were set to
—64. In that case, the displayed image would appear shifted to the right.

In another example, shown in Figure 3.27 (C), if you wanted only the
rightmost 200 pixels in the image to be acquired, you could set Acq. Phase
(Pixels) to 220 and Acq. Pixels (Pixels) to 200.
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Figure 3.27 Example: Effect of Acq. Phase Settings on Acquired Pixels

Full 640—pixe
image field
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512 acquired
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0 Y Acg. Phase = 220

337
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 3

Image Acquisition Parameters

3-38

The effect of adjusting the Vertical Timing parameters is described as
follows:

Acqg.Start (/2 Lines) — This parameter indicates the point at which the
image acquisition begins for the purpose of image processing and display.
Normally, the default setting of 40 is appropriate; however, the Acq.Start
(1/2 Lines) value can be set within the following range:

40 £ Value = 40 + (480 — Acg. Lines)

Acqg.Lines (1/2 Lines) — This parameter indicates the number of half-{ines
of the image field that are acquired, beginning at the starting point set by the
Acqg.Start (1/2 Lines) parameter. Normally the default value of 480 is
appropriate; however, the Acg.Lines (1/2 Lines) value can be set within the
following range:

64 = Value = 520 — Acg. Start

Figure 3.28 (page 3-39) illustrates three image displays in which the
Acqg.Lines (1/2 Lines) values are set to 480 (default), 240 and 64.

Asthe examplesin Figure 3.28 show, the effect of decreasing the value of
the Acg.Lines (1/2 Lines) parameter is to reduce the number of half-lines
acquired, and the result is to decrease the image height.

Changing both of these parameters might be useful in a situation in which a
narrow, horizontally oriented inspected object liesin anarrow band at the
center (or lower) part of theimage. In this case, you could set the Acg.Start
(1/2 Lines) parameter to, for example, 220, and set the Acqg.Lines (1/2
Lines) parameter to 64. The result would be a vertically narrow image with
just enough room to contain the inspected object.

Figure 3.29 (page 3-40) illustrates the result, using a pen as the inspected
object. In this example, the pen was located in alower part of the unmodified
full image, whereas the vertically truncated image containing the pen appears
“justified” at the top of the image display.

In all casesthe sum of the Acq.Start (1/2 Lines) setting and the Acq.Lines
(/2 Lines) setting cannot exceed 523. Any combination of the two
parameters is acceptable whose sum does not exceed 523.
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Figure 3.28 Example: Effect of Various Acg. Lines (1/2 Lines) Settings on Image

| Acg. Start (1/2 Lines) = 40 (all) |

Acq. Lines (1/2 Lines) = 480
(default)

[ Acg. Lines (172 Lines) = 240 |

[ Acg.Lines(1/2Lines) =64 |
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Figure 3.29 Example: Effects of Changing Horizontal Image Acquisition Parameters

Envivansenh  Fiils Editove Zsouridy

—| Toolset 1
Tools Display Done

| ey

Acq. Start (1/2 Lines) = 220
Acqg. Lines (/2 Lines) =64

Editing Non—Standard Cameras

A non-standard camera is any camera other than the Catalog No. 2801-Y C,
=YD, -YE, or —=YF cameras that the Allen-Bradley Company offers. In order
to accommodate a non—standard camera, you must “ create” anew camera
type under an appropriate name, then access that camera's edit panel and
enter the timing and scan mode parameters that are appropriate for that
camera.

Thisis done by highlighting one of the standard camera types, then picking
the [I== button to “ copy” that cameratype under a different name, one that
is appropriate for the camera type.

When you highlight a non—standard camera type in the Camera Type
scrolling list panel, and then pick the ISl button below the panel, a
Camera Type edit panel appears. Figure 3.30 (page 3-41) illustrates this
with the example “Camera XYZ” non-standard camera. Note that most of
the parameter selections in this edit panel are shown in light type, which
indicates that they can be changed.
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Figure 3.30 Setup Camera Type Panel: Camera XYZ

Camera Tupe

2801 YD
2881 ¥C
2801 YE
Camera MYZ

Camera Type "Camera XYZ"

O
0®0
0000 =

Most of the data for these parameter selections can be obtained from the user
and/or service manuals that are supplied with the non—standard camera. Here
isabrief description of each parameter selection field and box in the
Camera Type edit pandl.

e H.Scan Mode— Thisbox selects either a normal speed or a double
speed scan mode. The basic difference is that a normal speed camera
acquires 240 vertical lines of datain 17ms, while a double speed camera
acquires 480 vertical lines of data (a“full” frame) in 17ms. The double
speed camera also has frame reset capability.

e V.Scan Mode— Thisbox selects interlaced operation using one or two
fields, or non—interlaced operation, according to the cameratype in use.
For the 2801-Y C and —Y D cameras, Interlaced, 2 Fields is selected,
while for the 2801-Y E frame reset camera, Interlaced, 1 Field is
selected. In each case, the other selections are inactive (shaded type), and
cannot be selected. For non—standard cameras, the V.Scan mode
selection can be determined from the camera manufacturer’s
specifications.

e Reset/Delay M ode — This box selects the free running mode or one of
the reset/delay modes, according to the cameratype in use. For the
2801-Y C and —-Y D cameras, Free Running is selected, while for the
2801-Y E frame reset camera, Reset, Double Pulse VD is selected. In
each case, the other selections are inactive (shaded type), and cannot be
selected. For non—standard cameras, the appropriate Reset/Delay mode
selection can be determined from the camera manufacturer’s
specifications.
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e Period (us) — Thisisamount of time required to scan one horizontal
line. It is equal to the reciprocal of the horizontal frequency. (For the
2801-Y C camera, the horizontal frequency is 15.734KHz; thus, the
periodis1 + 15.734KHz = 63.557us.)

e HD Length — Thisisthe duration, stated in microseconds, of the “active
low” HD (horizontal drive) pulse provided to the camera from the CVIM2
system.

e Restore Start (us) — Thisis starting point of the DC restore pulse, which
the CVIM2 system uses during each horizontal line to “sample”’ the
analog composite video signal at atime when the camera sees “black.”
(For the 2801-Y C camera, the center of this pulse is located halfway
between 6.3us and 10.8us after the start of the horizontal drive pulse;
thus, the start of the restore start pulseis 8.2us after the start of the
horizontal drive pulse.)

e RestoreLength (us) — Thisisthe duration of the DC restore pulse. (For
the 2801-Y C camera, it is 1us.)

e Acg. Center (us) — Thisisthe center of the image sensing area (the
acquired picture), in microseconds, after the start of the horizontal drive
pulse. (For the 2801-Y C camera, it is 37.20us after the start of the HD
pulse)

e Acq.Pixels (Pixels) — Refer to the Editing Sandard Allen—Bradley
Cameras section for details.

e Acg.Phase (Pixels) — Refer to the Editing Standard Allen—Bradley
Cameras section for details.

e Total (Pixels) — This value represents the number of times that the
CVIM2 system “samples’ each horizontal line of the analog composite
video signal from the camerain the process of digitizing the video signal.

NOTE: The frequency range limit of the CVIM2 system is 10MHz to
20MHz. Since the frequency is afunction of the camera’s period and the
Total (Pixels) selection, any combination of these values must lie within
that range. The frequency isthe reciprocal of the camera’s period divided
by the total pixels; or stated another way, the total pixels divided by the
period. For example, the period of the 2801-Y C camerais 63.557us, and
the total pixelsis 794. Thus, the frequency is 794 + 63.557us, or
12.5MHz, which iswell within the CVIM2 system’s frequency range
limits.

e Transfer (1/2 Lines) — This value applies only to free—running,
interlaced CCD cameras. “ Transfer” refers to the process by which image
datais transferred from the image sensor to the shift register for the
current image field. During this time, the CVIM2 will not fire a strobe.

The Transfer value indicates the time, stated in 1/2 lines, around which a
strobe will not be fired. For the 2801-Y C camera, the Transfer valueis
the 16 haf lines, and the transfer time is two haf lines before to two half
lines after this point. Thus, the CVIM2 system will not fire a strobe
during that interval.
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NOTE: For MOS-type cameras, which do not use shift registers, the
Transfer value can be set to —1 to disable the strobe-inhibiting period.
These cameras have no restrictions as to when the strobe can be fired.

e Int. Start (/2 Lines) — Thisvalue applies only to frame reset cameras.
Int. Start isthetime, stated in 1/2 lines, after the assertion of the first
vertical drive (VD) pulse. Thisisthe point at which the camera starts
image integration.

e [nt. End (1/2 Lines) — Thisvaue applies only to frame reset cameras.
Int. End, stated in 1/2 lines, indicates the point at which aframe reset
camera stops image integration.

For cameras using the Reset, Delay on VD | selection, it isthe time
after the active-ow vertical drive (VD) pulse goes“up” (high) that the
camera stops image integration. For cameras using the Reset Double
Pulse VD selection, it is the time after the assertion of the second VD
pulse. Thisisthe point at which the camera stops image integration.

For cameras using the Reset, Delay on VD T and Reset, No Delay
selections, Int. End has no meaning.

e VD Length (1/2 Lines) — Thisvaueisthe duration, stated in 1/2 lines,
of the “active low” VD (vertical drive) pulse from the CVIM2 system.
(For frame reset cameras using the Reset, Delay on VD | selection, the
length increase by the amount of the selected shutter speed.)

e Acg. Start (1/2 Lines) — Refer to the Editing Standard Allen—Bradley
Cameras section for details.

e Acqg. Lines(1/2 Lines) — Refer to the Editing Standard Allen-Bradley
Cameras section for details.

e Total (/2 Lines) — Thisvalueisthe total number of half lines that the
camera system uses in one cycle. For the Allen-Bradley standard
cameras, Total is always 525.
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Trigger Setup Panel

When you highlight a toolset trigger name in the Toolset Trigger scrolling
list and then pick the IIZEEl button below the list, the corresponding
Toolset Trigger setup panel appears, as shown in Figure 3.31.

Figure 3.31 Example: Selecting Trigger Setup Panel

Toolset Triggexr
Toolset 12

Toolset 22

Toolset Trigger "Toolset 12"

Cameras

] Camexra 1 [
COCcamera 2 []
COCamera 3 []

Triggex
Rate per Minute
Source I-0

Etrobhe IO I-0-Hone
Ack IO I/-0—-Hone
Hak I 0O I1/-0—Hone

NOTE: Initialy, theterm “None” appearsin thislist. A toolset trigger
name will appear in the Toolset Trigger list only after an inspection name
has been defined for atoolset in the Configuration Editor panel, as described
in Chapter 4, Inspection Configuration, on page 4-9.

The selections in the Toolset Trigger setup panel determine the camera port,
the trigger source, and four of the discrete 1/0 settings for online inspection
operations. These selections apply only to the particular toolset named in the
title bar of the Toolset Trigger panel. Thus, in the example in Figure 3.31,
the toolset is named “Toolset 12.”

Hereisabrief description of the selectionsin the Toolset Trigger panel:
e Cameras— This selects the camera(s) to be used for the tool set.

e Trigger — This selects the trigger source for the tool set.

e Rate per Minute— When “Auto” is selected as the (internal) trigger
source, this selects the number of trigger signals per minute.
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e Sourcel/O —When“I/O” is selected as the (external) trigger source,
this selects the discrete input in the Discrete 1/0 Edit panel.

e Strobel/O — When astrobe light is to be used, this selects the discrete
output for the strobe trigger.

e Ack I/O — For applications requiring the trigger ACK signal, this selects
adiscrete output for the signal.

e Nak I/0 — For applications requiring the trigger NAK signal, this selects
adiscrete output for the signal.

NOTE 1. Thetrigger source and signal assignments can be applied only to
cameras 1, 2, and/or 3, or cameras 4, 5, and/or 6. Thisis shown in
Figure 3.32. Camera#1 is selected initially by default.

Figure 3.32 Example: Inactive Camera Selections in Toolset Trigger Panel

Toolset Trigger "Toolset 12"

Cameras

Camera 1 []
O Camexra 2 [
COdcamera T []

NOTE 2: When camera4, 5, or 6 is used, an external +24VDC power
supply must be used, as described in Chapter 1, Hardware Connection and
Powerup Check, of this manual, and the Allen—Bradley Pyramid Integrator
Installation Manual, Publication 5000-6.2.10, which is supplied with the
Pyramid Integrator chassis.

Thetrigger selection field in the Toolset Trigger panel, shown in

Figure 3.33, offers two choices of trigger operation based on an internal
source (Auto) or an external source (I/0). Figure 3.33 shows that Auto is
currently selected. To “toggle” to I/O, pick the Trigger field. To toggle back
to Auto, pick the field again.

Figure 3.33 Trigger Selection Field in Trigger Setup Panel

Triggexr

Rate per Minute

Source I- 0 i :
Stroke I-0 I-0—HMone
Ack I.0 I/-0-Mone

Hak IO I-0—-Hone
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The Auto selection uses the CVIM2 system’s internal trigger source,
whereas the I/0O selection uses one of the discrete inputs for an external
trigger source.

Theinternal trigger’s default trigger signal rate is 600 triggers per minute. To
change the rate, pick the Rate per Minute field. When you do, the
“calculator pad” appears, as shown in Figure 3.34. Enter any value within a
range of 30 to 3600 by picking the appropriate digits for that value, then
picking the button (in the calculator pad).

Figure 3.34 Using Calculator Pad to Change Internal Trigger Rate

Calculator

jgger ""Toolset 1"

=] Y,

| (1 | Panexa &
I | I | D“anera [

()

|

|

|

| I| I| ‘ Auto
| 1t

|

&8
j 1= |
I/ 0-Hone
I| I| I/ 0-Hone

I/0-Hone

To select an external trigger source, you must assign the current inspection to
one of the discrete trigger inputs. Pick the Trigger field to toggle it to “1/0,”
then pick the Source 1/O field. When you do, the Discrete I/O Set Signal
panel appears, as shown in the example in Figure 3.35 (page 3-47).

Asan example, if you want to assign inspection #1 to the “In 0” input, simply
pick the “In 0” input line, and the trigger name will appear on the “In 0”
line, as shown by “Toolset 1.Trigger” in Figure 3.35.

The strobe signal and the trigger NAK and ACK signals can be assigned to
discrete outputs in asimilar manner. Refer to Chapter 9, Discrete I/0
Assignments, page 9-9, for more information about these signals.
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Figure 3.35 Example: Assigning Inspection to Discrete Input

Triggexr

Rate per Minute

Source IO I/-0-Hone
Strobe I/0 I/-0-Hone
Ack I. 0 I/-0-Hone

Hak I.0 I/0-Hone
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The CVIM2 system can be configured to perform a single inspection or
multiple related inspections. Each inspection involves the selection of
parameters that define the inspection sequence, the I/0 interface, camera
usage, and communication messages. These parameters are stored in various
filesthat are referred to collectively as a configuration. A configuration file
isused to link al of the parameter files required for the single inspection or
multiple related inspections. Figure 4.1 illustrates the relationship between a
configuration file and the tool, discrete 1/0O, acquisition, and communication
files.

Figure 4.1 Configuration File Organization
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On-ine memory
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Configuration File #1

Toolset 1
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Inspection settings
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Tools File #6
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Tool N parameters

Acquisition File

System settings
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Camera settings
Trigger settings

Discretel/O File

Module /O assignments
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—>

Message 1 settings
Message 2 settings

Mé&me N settings
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Typically, aconfiguration file is given aname that indicatesits role in the
overall inspection application. Similarly, each toolset is named for itsrole.
(For example, the configuration file, toolset, and tool archive file might be
named “320z Bottle,” “FrontLabel,” and “320zFrontLbl,” respectively.)
The user places the CVIM2 system online by selecting one configuration file
by its name, then selecting the online mode.

This chapter discusses the process of inspection configuration, which
involves naming a configuration file and selecting a camera source, trigger
source, and one or more inspection tools for at |east one inspection.

Configuration Process The first step in the configuration processis to create a configuration file. As
shown in Figure 4.1, thisfile will contain inspection and display settings, and
the names of other files that contain the inspection tools for each tool set, the
discrete 1/0O settings, the acquisition settings, and the communication
message definitions.

The configuration process begins when you pick Environment in the main
menu bar, then pick Config in the Environment menu. When you do, the
Config Files panel appearsinitially as shown in Figure 4.2.

Figure 4.2 Initial Appearance of Config Files Panel

TN File Editors  Security

Revision \

Config @ <nmone wvalid>

Variahles

Comm Ports » \
\

Go On—Line

Gy GFF-Line \
AN

Conf ig Files
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Note that the Config Files panel contains several data entry fields and
“buttons.” Hereisahbrief description of their functions:

e Config— Pick thisfield to select the current list of Config file names
and/or enter new Config file names.

e *Discrete |/O — Pick thisfield to select the current list of Discrete I/O
file names and/or enter new Discrete 1/O file names.

e *Message — Pick thisfield to select the current list of Message file
names and/or enter new Message file names.

e *Acq. Config— Pick thisfield to select the current list of Acg. Config
file names and/or enter new Acq. Config file names.
When you pick one of the above fields, the name (such as Config in
Figure 4.2) appears above the “scrolling” list, and the corresponding file
names (if any) appear in that list. In Figure 4.2, no Config file names
have yet been selected; thus, the scrolling list is empty.

e Add — Use the lEEE button to add new entriesin the Config Files panel.

e Save— Usethe[lE=l button to save the entriesin the Config Files
panel without exiting to the main menu bar.

e Done— Usethe [EZ&ll button to save the entriesin the Config Files
panel and exit to the main menu bar.

e Cancel — Usethe I3l button to exit to the main menu bar without
saving any new entries that you set up whilein the Config Files panel.

*The names of the discrete I/0O, message, and acquisition files will all be
stored in the configuration file.

Two file types must be named in order to complete a configuration file: A
Config file type, and an Acq. Config file type.

When you pick the Config field, then pick the button, the keyboard
panel appears as shown in Figure 4.3 (page 4-4).

The message at the top of the keyboard panel instructs you to: “Enter a file
name . . .” That name will become the new Config file name.

When you enter anew Config file name in the keyboard (for example,
FrontLabel) and then pick the (IEEZE key, the FrontLabel name appearsin
the scrolling list, as shown in Figure 4.4 (page 4—4). (Note that the new
Config file name a'so appearsin the Config field since it is currently
highlighted in the list.)

4-3
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Figure 4.3 Selecting New “Config” File Name
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Figure 4.4 Example: Configuration Files Panel With New “Config” Name Entered
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NOTE: If you attempt to exit the Config Files panel at thistime by picking
the Xl button, the following message will appear:

Suystem Warning 3849

File type Acg. Config i=s required.

[e

This message indicates that the specified configuration file,
“EE:FrontLabel,” must contain the name of an “Acq. Config” file. You
must enter an Acqg. Config file name before exiting the Config Files panel.
A similar message will appear if you attempt to exit without entering a
“Config” file name.

If this message appears, pick the B button to return to the Config Files
panel and enter an Acq. Config file name.

When you pick Acq. Config field, then pick the button, the keyboard
panel appears as shown in Figure 4.5.

Figure 4.5 Selecting New “Acg. Config” File Name
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The message at the top of the keyboard panel instructs you to: “Enter a file
name . . .” That name will become the name of your new Acg. Config file.
Note that the name “EE:FrontLabel.acq” appearsin the keyboard name

field. This name is derived from the Config file name currently appearing in
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Configuration Editor Panel

the Config field. You can use this name, if it is appropriate for your
application, or you can enter a different name.

When the appropriate Acq. Config file nameisin the keyboard, and you
pick the key, that file name appearsin the scrolling list, as shown for
the Config file namein Figure 4.4 (page 4-4). (Note that the new name also
appearsin the Acq. Config field sinceit is currently highlighted in the list.)

If you exit the Config Files panel at thistime by picking the [EZZ= button,
the following message will appear briefly . . .

Configuration save complete

. .. ater which the system will exit to the main menu bar.

At this point, aminimum“configuration” has been named, and you can now
pick the Configuration Editor panel from Editor in the main menu bar, as
described in the next section, Configuration Editor Panel.

To enter the Discrete 1/0 and/or Message file names before exiting the
Config Files panel, use the procedure described above to enter those file
names.

The main purpose of the Configuration Editor panel isto designate the
inspection parameters and inspection tool sets for each toolset in a
configuration file.

NOTE: Before you can select the Configuration Editor panel, you must
first create or select a configuration file with avalid Config file name, as
described in the preceding section, Configuration Process; otherwise, the
following message will appear when you attempt to select the Configuration
Editor pandl:

System Warning 3852

A Config file is not included in the current configuration.

2]

If this message appears, you must pick the [E8 button, then select the Config
Files panel (see Figure 4.2, page 4-2) to set up (and select) at least one
configuration before proceeding.
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Assuming that at least one configuration has been set up and selected, when
you then pick Editor in the main menu bar, and then pick Configuration in
the Editor menu, the Configuration Editor panel appears, as shownin
Figure 4.6.

Figure 4.6 Example: Configuration Editor Panel With Six Inspections

Environment File

Acquisition
Discrete I-0
Communications

Conf iguration Editor “EE:FrontLahel"

Inspection Hame Archive Hame

Note that the configuration editor panel contains several data entry fields and
“buttons.” Hereisabrief description of their functions:

e Num — Thisfield contains the number of a“toolset,” such as 1, 2, or 3.
(This number is fixed — you cannot changeit.)

e Inspection Name — The inspection name is used to identify atoolset for
I/0, communication, and display purposes. Use thisfield to select aname
(up to 15 characters) for atoolset. (The default inspection names for the
six toolsets are Toolset 1, Toolset 2, and so on.)

e Archive Name — The “archive name” identifies the device and filein
which the inspection tools are stored. Use this field to enter aname (up to
16 characters) of either anew file of inspection tools or an existing file of
inspection tools. (By default, the archive names for the six tool sets take
thisform: EE:config filename.ts1, EE:config filename.ts2, and so on).

e Add — Use the IEEl button to add new toolsets in the Configuration
Editor panel. (Alternatively, you can pick the inspection name field to
perform this function.)

47
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e Cut —Usethe button to delete the tool set that has the cursor arrow
(—) alongside the toolset number. Thus, if the cursor arrow is located at
number 2, the toolset at that location will be deleted.

e Inspection — Use the [EEESHEZl button to access atoolset’s Inspection
parameter selection panel.

e Display — Use the [EEEEE3 button to access a toolset’s Display
parameters selection panel.

e Setup — Use the [IEZE button to access the image/tool display panel
and the tool configuration setup panel.

e Done— Usethe[lEEEl button to save the entries in the Configuration
Editor panel and exit to the main menu bar.

e Cancel — Use the 23l button to exit to the main menu bar without
saving any new inspection names or any parameters that you set whilein
the Inspection and/or Display panels. (However, tools that you
configured and saved while in the Setup panel, and parameters that you
entered and saved while in the Acquisition Editor panel, will remain as
you saved them.)

e Save — Use the [IEll button to save additions and/or changes to the
contents of the Configuration Editor panel without exiting the panel.

e Acquisition — Use the IE=Z53228 button to access the Acquisition
Editor panel (see Chapter 3, Image Acquisition Parameters).

Inspection Names and Archive Names

As noted earlier, aconfiguration file (such as FrontLabel) can contain up to
six toolsets. Each toolset specifies camera and trigger sources and a set of
inspection tools. The “inspection name” and the “archive name” of each
toolset appear in the Configuration Editor panel.

An inspection name (such as Toolset 1) identifies one toolset for /0,
communication, and display purposes. In agiven application, the inspection
name of a given toolset is normally the same for al configurations.

An archive name (such as EE:FrontLabel.ts1) identifies afile that consists
of one or more inspection tools (gages, windows, and so on) that are
configured together for a specific inspection task. In agiven application, the
archive name of agiven toolset is normally different for each configuration.

Figure 4.7 (page 4-9) illustrates the Configuration Editor with three
tool sets defined.

Each of the three toolsets that make up the “FrontLabel” configuration has
an Inspection Name and an Archive Name associated with it.
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Figure 4.7 Example: Configuration Editor Panel With Three inspections Defined

Conf iguration Editor “EE:FrontLahel”

Hum Inspection Hame Archive Hame
1 Toolset 1 EE: FrontLakel. t=1

2 Toolset 2 EE: FrontLabel . ts2

Toolset 3 EE: FrontLakbkel . t=3

Cl.l.t I Inspection I Display Setup
I Done I Cancel I Save I Acguisition

The basic configuration procedure described in this section begins with the
Configuration Editor panel as shown in Figure 4.6 (page 4—7) and steps
through the major system configuration tasks, which are these:

e Selecting an inspection name.

e Configuring acquisition parameters.

e Selecting inspection parameters.

e Selecting image/results display parameters.

e Setting up inspection tools.

e Selecting discrete 1/O functions.

Selecting Inspection Name

Note that the Configuration Editor panel in Figure 4.6 contains no
inspection names. Consequently, the XM, , , and
buttons are inactive (shaded). The IEEN, , , and EEEERD
buttons are all active (white).

Thefirst task, therefore, is to add a toolset by picking the IEZE button, or by
picking an Inspection Name field, as shown in Figure 4.8 (page 4-10).
Using either method, the keyboard appears, as shown in Figure 4.8.

4-9
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Figure 4.8 Selecting an Inspection Name

Conf iguration Editor "EE:FrontLabel"

Inspection Mame Archive MNawme

The default inspection name, Toolset 1, appearsin the keyboard name bar
initially. You can either accept the default inspection name (if it has not
aready been used), or you can select a new name.

If you select the default inspection name, the Configuration Editor panel
will appear as shown in Figure 4.9.

Figure 4.9 Configuration Editor Panel With First Inspection Named

Configuration Editor "EE:FrontLahel"

Hum Inspection Hame Archive Hame
21 Toolset 1 EE: FrontLakbel . ts1

I Cut I Inspection Di5plal_-| Setup
I Done I Cancel I Save I Acguisition
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Note that the default inspection name (Toolset 1) now appearsin the first
field under Inspection Name, and the default archive name
(EE:FrontLabel.ts1) appears under Archive Name.

Configuring Acquisition Parameters

NOTE: The default acquisition parameters are sufficient for obtaining
images without a strobe light or external trigger. You can skip directly to the
Setting Up Inspection Tool s section on page 4-20 if you are just getting
started.

At this point you should pick the IEZSEEE button and configure the image
acquisition parameters, which involves the selection of toolset trigger,
camera, and acquisition system parameters. For details about these
parameters, refer to Chapter 3, Image Acquisition Parameters.

Selecting Inspection Parameters

The Inspection setup panel is accessible from the Configuration Editor
panel, as shown in Figure 4.10, by picking the IEE=xazl button.

Figure 4.10 Selecting Inspection Panel

Conf iguration Editor "EE:FrontLabel'

Inspection Hame Archive Hame
Toolset 1 EE: FrontLabkel. ts1

Overlap Acag Insp
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Range Failuwures Include
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Note that the Inspection panel, unlike the Acquisition Editor panel, shows
inspection settings for a single tool set.

The parameterslisted in the Inspection panel, and the methods of setting
them, are described as follows:

e Qverlap Acg/lnsp — This parameter can be set to arange of 0 to 20. If it
is set to O, the system cannot acquire a new image until it finishes
processing the last image. If it is set to a value greater than O, the system
can acquire new images whileit is still processing a previous image.

e Minimum Time — This parameter sets the amount of time, in
milliseconds, that tool inspection results will be delayed following the
start of each inspection cycle. This value can be set asrequired to
synchronize the CVIM2 system output with the user’s process equipment.
Thevalid range is 0 to 5000 milliseconds.

e Samples— This parameter sets the size of ablock of “sample’
inspections that the CVIM2 system will use to calculate statistics for a
particular tool.

e Range Failures— This function can be set to Include or Exclude. If
Range Failures is set to Include, the CVIM2 system will include
“failed” tool resultsin statistical calculations. (“Failed” meanstool results
that lie beyond any of the range limits.) If Range Failures isset to
Exclude, the system will exclude failed tool results from calculations.

Overlap Acg/lnsp

This selection enables the CVIM2 system to overlap the image acquisition
and inspection processing functions, and thereby acquire and store a“ burst”
of images before all images have been processed. The setting of the Overlap
Acq/Insp parameter determines the maximum number of images that the
system is allowed to store while image processing is still in progress.

If this parameter is set to 0 when atrigger occurs, the system acquires an
image, then processes it, then acquires the next image, processesit, and so
on, in serial fashion. Thus, the total time for the entire cycle is theimage
acquisition time plus the image processing time, as shown below:

| Acquisition | I nspection processing | Acq.
Trigger Next possible
trigger

If this parameter is set to 1 (or more) when atrigger occurs, the system will
acquire the first image and begin processing it. The system can then begin
acquiring another image if atrigger signal arrives before the system finishes
processing the first acquired image. The setting of the Overlap Acg/Insp
parameter determines the number of images that may be overlapped before a
trigger NAK isissued.

4-12
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In the following example, the Overlap Acg/Insp parameter is set to 3, which
means that the CVIM2 system is configured to store up to three images
before the image processing for the previous image is completed. In this case,
if another trigger occurs before that completion, the system will issue a
trigger NAK.

| Overlap example with Overlap Acg/Insp parameter set to 3 |
Acg. 4 Acg. 5

Trigger 1 Trigger 2 Trigger 3 Trigger 4 Trigger 5 Trigger 6 = NAK

Acg. 1 Acg. 2 Acg. 3

| Insp. Proc. 1 | Insp. Proc. 2 | Insp. Proc. 3 |

In the example, a series of six triggers occurs. Theinterval between these
triggersis as short as possible consistent with completing each image
acquisition.

The sequence of eventsisasfollows:

e Trigger 1 occurs and starts the image 1 acquisition.

e Whenimage 1 has been acquired, processing begins onimage 1. This
releases the storage resource used by image 1 and makes it available for
another image acquisition (image 2). At the same time, trigger 2 occursto
start the image 2 acquisition.

e Beforeimage 1 has been processed, two more images will have been
acquired and stored (images 2 and 3), and another image acquisition will
have begun (image 4).

e Midway through the image 4 acquisition, processing for image 1 ends and
processing for image 2 begins. This releases the storage resource used by
image 2 and makes it available for another image acquisition (image 5).

e Beforeimage 2 processing is complete, three images will have been
acquired and stored (images 3, 4, and 5). Thisisthe maximumthat is
alowed by the Overlap Acg/Insp parameter (3) in this example.

e Also before the second image processing is complete, trigger 6 occurs.
Since three images are already stored, and the system cannot store a
fourth image (in this example), it issues a Trigger NAK signal in response
to trigger 6.

NOTE: The maximum setting for the Overlap Acg/Insp parameter is 20;
however, because of the limitations of the image memory buffers, the
maximum setting in a particular application depends on whether the system
can be placed online. If the system will not go online with the current setting,
that setting may have to be reduced, or other adjustments may need to be
made, to enable the system to go online.

4-13
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Minimum Time

The Minimum Time field enables you to specify afixed minimum time
interval (in milliseconds) between the start of an inspection and the
availability of inspection results. The effect is to delay the inspection results
in order to ensure that they are always available to a host system on atimely
basis. The valid range for the time interval is 0 to 5000 milliseconds.

The relation of the inspection start to the inspection results without a fixed
minimum time interval (that is, a setting of 0) is shown below:

Example of timing without
fixed minimum time interval:

Trigger _|_|

I nspection I | i:

Interval varies |

Inspection with inspection | |
results i

The relation of the inspection start to the inspection results with a fixed
minimum time interval (that is, a setting of more than 0) is shown below:

Example of timing with
fixed minimum time interval:

Trigger _|_|

| nspection _,—"-|

Fixed minimum

Inspection delay interval | |
results y! v

Samples

The Samples field enables you to select an appropriate “sample’ size,
ranging from O to 65535, for each toolset in a configuration. This value
determines the number of “sample” inspection results that the CVIM2 system
must acquire in order to calculate statistical data for a particular tool. (Note
that this function applies only to atool for which statistics collection can be
selected, such as awindow tool, and for which the Statistics box has been
checked in the Options selection panel for that tool.)
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For example, when the sample size is set to 100 for a particular window tool,
the CVIM2 system compiles a block of inspection results from 100
consecutive window inspections and calculates a set of statistical values
(maximum, minimum, mean, and standard deviation) from those results. The
system then places the set of statistical values in the window tool’s detail
panel, where you can view them, and stores them in aresults block, where a
host computer can access them.

When the system acquires the next block of 100 inspection results, it uses
these results to calculate a new set of statistical values and overwrite the
previous set of values.

The main advantage of setting a sample sizeisto identify trendsin the
inspection results more easily and quickly.

Range Failures

The Range Failures field enables you to either include or exclude “failed”
tool results from the statistics calculations for al tools in a specific tool set.
(Note that the term “failed,” as used in this context, refers to any tool result
that is above the fail high limit, or is below the fail low limit.)

If Range Failures is set to Include, the CVIM2 system accumul ates
statistics for all inspected parts, and it includes failed tool resultsin statistical
calculations for the specified tool set.

If Range Failures is set to Exclude, the system accumulates statistics only
for “good” parts, and it excludes failed tool results from such calculations.

Note that the Range Failures function applies only to atool for which
statistics collection can be selected, such as awindow tool, and for which the
Statistics box has been checked in the Options selection panel for the tool.
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Selecting Display Parameters

The Display setup panel is accessible from the Configuration Editor panel,
as shown in Figure 4.11, by picking the [EZ3= button.

Figure 4.11 Selecting Display Panel

Conf iguration Editor “EE:FrontLahel"

Hum Inspection Hame Archive Hame
21 Toolset 1 EE: FyrontLakel. ts1

2
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Register (Setupl Ho

Display All {(Setupl Ho

Hum Image Panels 1

Camera 1,4 Angle a°

Camera 22,3 Angle a°

Camera 2J,6 Angle B

IInage 1 e ¥ i IRESultS

Hereisabrief description of each parameter field in the Display panel:

e Freeze Mode — This parameter determines the default image “ freeze”
mode that prevails when an ingpection tool failure or other “reject”
condition occurs during online operations. display all cameraimages
regardless of reject condition; pause the reject image for n seconds (where
n =1 to 30 seconds); freeze first n rejects; and freeze last n rejects (where
n isthe number of rgject images that the reject queue can hold).

The freeze mode operations are described in detail in Chapter 10,
Environment Menu Selections, starting on page 10-16.
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e Pause Time— This parameter sets the amount of time that the online
cameraimage pauses after areject condition when the “ pause” freeze
mode has been selected. The allowable rangeis 1 to 30 seconds. The
default timeis 5 seconds.

e Regect Queue — This parameter sets the number of extraimage buffers
allocated to save “rejected” images during freeze mode operation. For
most applications, a setting of 0 enables the CVIM2 system to save one
rejected image, while a setting of 1 enables the system to save one
additional rejected image. For some very high speed applications, a
setting of 1 may be required to guarantee that the first rejected imageis
saved. For details about the freeze mode operations, refer to Chapter 10,
Environment Menu Selections, under the Display heading on page 10-16.

e Register (Setup) — This parameter selects the default state of the register
function in the tool set edit panel. “Yes” causes the function to be active
whenever the toolset edit panel is accessed during setup operations, while
“No” has the opposite effect.

e Display All (Setup) — This parameter selects the default state of the
display function in the toolset edit panel. “Yes” causes the function to be
active whenever the toolset edit panel is accessed during setup operations,
while “No” has the opposite effect.

e Num Image Panels— This parameter selects the number of image
display panelsthat can appear during run operations for the currently
selected toolset. Each camera being used in the toolset can have an
associated image display panel. The default valueis 1, and the valid range
isl-3.

e Cameral, 4 Angle— This parameter can be set to rotate the camera#1
and #4 image field and tool graphics clockwise by 90°, 180°, or 270°.

e Camera 2, 5 Angle — This parameter can be set to rotate the camera #2
and #5 image field and tool graphics clockwise by 90°, 180°, or 270°.

e Camera 3, 6 Angle — This parameter can be set to rotate the camera #3
and #6 image field and tool graphics clockwise by 90°, 180°, or 270°.

NOTE: The cameraangle settings will affect the image field in the
image display panel only when it is displaying inspection results. The
image field will appear in its normal, non—rotated orientation during tool
configuration.

Hereisabrief description of each button in the Display panel:

e Imagel, 2, 3— Use the =, , or button to select the
image display setup panel for the currently selected toolset. When you
pick one of the active (not shaded) buttons, a corresponding image
display setup panel appears. By default, the (=== button is active and
the and buttons are shaded.

The value in the Num Image Panels field of the Display panel
determines which buttons are active (since “1” is the lowest number, the
button is always active). Entering a“2” in the Num Image
Panels field of the Display panel activates the [EEX@& button, while
entering a“3" activates both the =& and the [EEXm&l buttons.

4-17
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¢ Result — Use the [EXEE button to select the results display setup panel
for the currently selected tool set.

e Done— Usethe &l button to save the entriesin the Display panel
and exit to the Configuration Editor panel.

Setting Up Image Display Panels

When you pick one of the active image buttons on the Display panel, the
corresponding image display setup panel appears, asisillustrated in
Figure 4.12.

Figure 4.12 Selecting Image Display Setup Panel

Toolset 1 Image 1

Title Toolset 1
Tool Display All Tools
Scale To Fit

Fanel Fosition 198,233 398, 443
Start Iconized? | Yes

Source Image Camera 1

Hereisabrief description of each field in the image display panel:

e Title— Thisfield enables the user to select an appropriate name or “title”
for the corresponding image display panel. By default, the titleisinitially
the name of the toolset (image display #1), or the toolset name and image
panel number (image panel #2 and #3). Thus, the default titles for the
three Toolset 1 image panels would be Toolset 1, Toolset 1 (2), and
Toolset 1 (3).

e Tool Display — Thisfield enables the user to select the default setting for
the online image display panels. The choices are these: Image Only,
Failed Tools, and All Tools.

e Scale— Thisfield enables the user to select the scale of the camera
image that appears in the online image display panels, asfollows: A scale
of “1” displays the acquired image at its origina size, but may only show
aportion of the cameraimage if the display panel issmaller.
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A scale of “To Fit” displays the entire cameraimage completely within
the image display panel, regardless of the panel’s size. Since the “To Fit”
mode may cause the image to be “shrunken” to fit in the panel, some
image details may not be displayed.

e Pand Position — This parameter reflects the X—and Y —axis coordinates
of the upper—eft and lower—right corners, respectively, of the image panel
for currently selected toolset in the Configuration Editor panel (as
illustrated in Figure 4.15 on page 4-22). When you pick the Panel
Position field, the image panel (and the results panel) for the selected
toolset appear on the screen, and both panels are accessible for resizing
and repositioning on the screen. (The image and results panels for other
toolsets are also available at this time; however, they may appear on the
screen asicons.)

e Start Iconized ? — Thisfield enables the user to determine whether
online operations begin with the full image display panel on the screen
(*No"), or with an icon representing the panel appearing at the right side
of the screen (“Yes”). The default selection is“No.”

e Sourcelmage — Thisfield enables the user to select the camera source,
if the current toolset has been configured to use more than one camera.

Setting Up Results Display Panels

When you pick the IEE2Ea button on the Display panel, the Results display
setup panel for the currently selected toolset appears, asisillustrated in
Figure 4.13.

Figure 4.13 Selecting Results Display Setup Panel

Toolset 1 Resultis

N ) Results 1
Panel Position 85,95 435,255

Start Iconized?  Yes
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Hereisabrief description of each field in the Results display setup panel:

e Title— Thisfield enables the user to select an appropriate name or “title”
for the results display panel that corresponds to the currently selected
toolset. By default, the initial titleis“Results” plus the position number
of the toolset in the Configuration Editor panel. Thus, the default titles
of the results panels for toolsets #1, #3, and #6 would be Results 1,
Results 3, and Results 6, respectively.

e Panel Position — This parameter reflects the X—and Y —axis coordinates
of the upper—eft and lower—right corners, respectively, of the results
display panel for currently selected toolset in the Configuration Editor
panel (asillustrated in Figure 4.15 on page 4—22). When you pick the
Panel Position field, the results display panel for the selected toolset
appears on the screen, and isis accessible for resizing and repositioning
on the screen. (The image and results display panels for other toolsets are
also available at this time; however, they may appear on the screen as
icons.)

e Start Iconized ? — This parameter determines whether online operations
begin with the results display panel on the screen (“No”), or with anicon
representing the panel appearing at the right side of the screen (“Yes”).
The default selectionis“No.”

Setting Up Inspection Tools

NOTE: This section covers only the general configuration procedures. For
detailed information about the inspection tool types and tool operations, refer
to Chapter 7, Inspection Tools.

Assuming that the Configuration Editor panel containsthe “Toolset 1,”
“Toolset 2,” and “Toolset 3" inspections (as shown in Figure 4.7 on page
4-9), continue the configuration procedure with the following steps:

1. If you want to change the archive name “EE:FrontLabel.ts1” to some
other name, pick the field containing the EE:FrontLabel.ts1 name.
When you do, the File Select panel appears on the screen, as shown in
Figure 4.14 (page 4-21).

Pick the button to access the keyboard. Enter the new archive
name, then pick the IEX=3 key to save the name, exit the keyboard, and
return to the File Select panel. Pick the =l button to exit back to the
Configuration Editor panel.

2. Thesmall arrow (—) alongside the toolset number indicates which
toolset is currently selected. Pick “1” to select the first tool set.
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Figure 4.14 Example: File Select Panel

File Select
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3. Pick the IEZ button. When you do, the setup mode image/tool display
panel (named “Toolset 1" in this example) appears on the screen, as
shown in Figure 4.15 (page 4-22). This panel is blank (dark) initially.

The purpose of the setup mode image/tool display panel isto display a
cameraimage during CVIM2 system setup so that you can configure the
inspection tools and evaluate their performance offline before placing the
system online.

(Also appearing, possibly inicon form, isthe results display panel. This
panel is described in detail in Chapter 10, page 10-17, in the Inspection
Results Display Panel section.)
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Figure 4.15 Offline Image/Tool Display Panel

Conf iguration Editor “EE:FrontLahel”

Arrow selects : o
thetoolset t > polse
be set up

=] Toolset 1
Tools Display Done
1=,
Iy
Setup mode ~Results |
image/tool display panel
display panel (inicon form)

4. Pick Display in the menu bar. When you do, the Display menu appears,
as shown in Figure 4.16 (page 4-23). (This exampleillustrates how the
Display menu appears when more than one camerainput has been
selected.)
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Figure 4.16 Display Menu Example
Tools JIISIENN Dove

Save Image
Load Image

Reset Counters

Image Only
Failed Tools
FAll Tools

FCamera 1
Camera 2
Camera 3

Go

The Display menu determines the appearance of the setup mode
image/tool display panel during tool evaluation. The five sectionsin this
menu have these meanings:

e The top section enables you to save an image in compressed form, and
reload the image later.

e The second section enables you to reset counters and statistics in the
results panels and the results detail panels.

e Thethird section determines what will appear in the display panel
during tool evaluation operations: all enabled inspection tools, the
failed tools only, or the cameraimage only.

e The fourth section appears only when two or three camerainputs have
been assigned to the current toolset’s trigger.

e The bottom section enables you to start (and stop) the tool evaluation
operations.

Note that a cursor (») pointsto All Tools, while another cursor pointsto
Camera 1. These are the current default settings for the display mode
and camera selections.
5. Pick Go. When you do, the image/tool display panel is enabled, with
these results:
e |f the Auto trigger source is selected, a continuous series of camera
images will appear on the screen immediately, such asisshownin
Figure 4.17 (page 4-24).

e |f an external trigger source is selected, the system must receive a
trigger signal in order to display a cameraimage.

e |f inspection tools had been previously configured (and All Tools
selected), those tools would also appear at thistime.
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Figure 4.17 Example: Camera Image in Setup Mode Image/Tool Display Panel

= Toolset 1
Tools Display Done

6. If an external trigger source is used, send atrigger signal to the CVIM2
system. When you do, a cameraimage appears in the display panel.

7. Pick Tools in the menu bar. When you do, the toolset edit panel (the
inspection tool setup panel) appears over the image/tool display panel, as
shown in Figure 4.18.

Initially, the toolset edit panel is empty, as shown in Figure 4.18. To enter
the first inspection tool, continue with these steps:

Figure 4.18 Initial State of the Toolset Edit Panel

Edit "Toolset 1"
B

Hum Hame Tupe Condition Ref. 51 52 Dest

B8 Tools, 238565536 Tool bytes, 11632768 Results bhuytes
FlRegister [JDisplay all
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8. Pick the XXXl or button. When you do, the Tool Types menu
appears, as shown in Figure 4.19.

Figure 4.19 Tools Types Menu

Frobe
Gage
Profile
Hindow
Image

Math
Reference Line
Reference Hindow

The Tool Types menuisa*“scrolling list” that contains all of the
inspection tool types that are available for any inspection application.
(Asnoted earlier, this section covers only the general configuration
procedures. For detailed information about the inspection tool types,
refer to Chapter 7, Inspection Tools.)

9. Highlight (pick) one of the tool types, then pick the IEEE button. When
you do, the toolset edit panel reappears with the new tool type (“Gage,”
in this example) entered in the topmost line, as shown in Figure 4.20.

Figure 4.20 Example: Selecting First Inspection Tool in Toolset Edit Panel

Tool Types

Profile
Hindow
Image
Math
Reference Line
Reference Ninduu[_

Ref .

1
C1

Condition
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10. To access the tool for configuration purposes, pick the field with the tool
typeinit (in this example, pick the “Gage” field). When you do, the
toolset edit panel is replaced by the tool edit panel, as shown in
Figure 4.21.

Figure 4.21 Example: Tool Edit Panel for Gage

Edit "Toolszet 1.Tool 1"

Operation
Mode
Shape
Filtexr
Hidth

Hominal

NOTE: The default parametersin this example tool edit panel pertain to
the “Gage” inspection tool. At this point in the configuration process
you would configure this specific inspection tool. (Chapter 7, Inspection
Tools, contains all of the configuration details for gages and other
inspection tools.)

11. After you finish configuring the inspection tool, pick the IEZ3l button.
When you do, the toolset edit panel reappears over the image/tool
display panel.

12. If you need to configure additional inspection tools, repeat step 8.
through step 11. as many times as needed to configure al required tools.

13. When you have completed all of the required tool configurations, pick
the EZXX button on the toolset edit panel to save all newly configured
inspection tools in the toolset archive file. When you do, the tool set edit
panel disappears.

14. Pick Done in the menu bar of the image display panel. When you do, the
display panel disappears and the Configuration Editor panel reappears.

15. Pick the lE=Zll button in the Configuration Editor panel. When you do,
the Configuration Editor disappears, and the configuration fileis saved.

This completes the procedure for creating a configuration file.
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This section provides some details about various functions and features in the
toolset edit panel that are not covered in the Basic Configuration Procedure
section (page 4-9). Figure 4.22 is an example of the toolset edit panel with
asingle tool selected.

Figure 4.22 Example: Toolset Edit Panel

Edit "Toolset 1"

Condition Ref.
Enakled

1 Tool. 48865536 Tool kbutes, 36832768 Hesults bhuytes
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Data Fields and Buttons

Note that the toolset edit panel contains several data entry fields, “buttons,”
check boxes, and data displays.

Hereisabrief description of each data entry field in the toolset edit panel:

e Num — Thisfield contains the sequence number of an inspection tool:
#1, #2, #3, and so on. It indicates the order in which the CVIM2 system
processes the tool. (Thisisimportant for applications using reference
tools and image tools.) The cursor arrow (—) indicates the currently
selected sequence number for the purpose of adding, cutting, copying, or
pasting a new inspection tool (see the add, cut, copy, and paste
descriptions below).

e Name— Usethisfield to select aname for an inspection tool. (The
default names for the inspection tools are Tool 1, Tool 2, and Tool 3, and
so on, but you can change them to suit your application.)

e Type— Thisfield indicates the inspection tool type (gage, window, and
so on). Pick thisfield to open the tool definition dialog field.

e Condition — Usethisfield to enable or disable the selected inspection
tool, and to select other conditions that determine whether the tool will
execute.
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o Ref. — Usethisfield to select areference tool for the purpose of
providing shift and/or rotation compensation for the selected inspection
tool.

e *S1 — Usethisfield to select the primary image source for atool from a
camera (such as C1) or from an image buffer (such asP1 or B1). The
default image source selection is the lowest camera number when more
than one camerais used.

e *S2 — Usethisfield to select the secondary image source (for atool that
requires one) from a camera (such as C1) or from an image buffer (such
asP1 or B1). By default, thisfield has no selection; also, thefield is
shaded when the selected tool cannot use a secondary image source.

e *Dest — Usethisfield to select a destination buffer (such asP1 or B1)
for an imagetool, profile tool, rotation finder tool, or window tool. A
destination buffer supplies a processed image to the source tool or to other
toolsin the same toolset. By default, P1 is automatically selected for an
image tool, profile tool, and rotation tool.

*For more information about the destination buffers, refer to the Destination
Buffers section on page 4-30.

Hereisabrief description of each button in the tool set edit panel:

e AddT — Usethe lEEE button to select a new inspection tool and insert it
before (above) the inspection tool whose sequence number has the cursor
arrow (—) aongsideit. Thus, if the cursor arrow is located at sequence
number 4, the new tool will occupy sequence number 4, while the tool
previously at sequence number 4 will move to sequence number 5.

e Addl — Usethe IEZ button to select a new inspection tool and insert it
after (below) the inspection tool whose sequence number has the cursor
arrow (—) aongsideit. Thus, if the cursor arrow islocated at sequence
number 3, the new tool will occupy sequence number 4, while the tool
previoudly at sequence number 4 will move to sequence number 5.

e Cut — Usethe IEXHl button to delete (and save in a*“clipboard”) the
inspection tool whose sequence number has the cursor arrow (—)
aongsideit. Thus, if the cursor arrow is located at sequence number 2,
the tool at that location will be deleted, and the tool previously at
sequence number 3 will move to sequence number 2.

e Copy — UsethelE= button to copy into a“clipboard” the inspection
tool whose sequence number has the cursor arrow (—) alongside it. After
copying, the next step is pasting the copied tool (see the PasteT and
Pastel button descriptions below).
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e Paste] — Usethe button to “paste” a copied inspection tool from
the “clipboard” and insert it before (above) the inspection tool whose
sequence number has the cursor arrow (—) alongsideit. Thus, if the
cursor arrow is located at sequence number 4, the pasted tool will occupy
sequence number 4, while the tool previoudly at sequence number 4 will
move to sequence number 5.

e Pastel — Use the [EZEEZ8 button to “paste” a copied inspection tool from
the “clipboard” and insert it after (below) the inspection tool whose
sequence number has the cursor arrow (—) alongside it. Thus, if the
cursor arrow is located at sequence number 3, the pasted tool will occupy
sequence number 4, while the tool previously at sequence number 4 will
move to sequence number 5.

e Options— Use the ==& button to make the following selections from
each tool’s Options selection panel:

— Enable or disable statistics calculation (for certain tools).

— Enable or disable display of tool graphic in the image field.

— Enable or disable display of tool results in toolset Results panel.
— Enable or disable toolset failures from individual tool failures.
— Select agroup number for each tool in atool set.

Refer to the Options Selection Panel section on page 4-31 for additional
information.

e Done— Usethe [EZEl button to save all newly selected tools and exit
the toolset edit panel. Refer to the Alter nate Tool set Save Option section
on page 4-34 for additional information.

e Cancel — Use the =38 button to exit the toolset edit panel without
saving any newly selected tools.

Hereisabrief description of the check boxes in the toolset edit pandl:

e Register — The Register check box is used during setup operations to
perform the “register” function, which is active when a check mark (V)
appearsin the box. The purpose of this function is to enable a user to
realign tools to a workpiece that shifted in the image field during run
operations. This function will be active when “Yes” is selected in the
Register field of the Display edit panel (“Yes” isthe default setting),
and inactive when “No” is selected. For details about the register
function, refer to Toolset Register Function section on page 4-35.

e Display All — The Display All check box is used during setup operations
to perform the “display al” function, which is active when a check mark
() appearsin the box. The purpose of this function is to display all tools
in the current tool set edit panel, whether or not they are enabled. By
default, this function will be active when “Yes” is selected in the Display
field of the Display edit panel, and inactive when “No” is selected.

When the display function is active, all tools are displayed in their
currently configured positions. The currently selected tool appearsin red;
all other tools appear in green. When the function isinactive, only the
currently selected tool appears in the display.
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Hereis abrief description of the data fields that appear above the check
boxes in the tool set edit panel:

e Tools— Thisfield indicates the number of inspection toolsin the current
toolset edit panel. The example toolset edit panel in Figure 4.22 (page
4-27) showsthisas 1 Tool.

e *Tool bytes— Thefirst part of thisfield indicates the amount of memory
bytes required by the current set of tools in the toolset edit panel, while
the second part shows the total amount of system memory available for
tools. The example toolset edit panel in Figure 4.22 (page 4—27) shows
this as 408/65536 Tool bytes.

e *Resultsbytes— Thefirst part of thisfield indicates the amount of
memory dedicated to tool results for the current set of toolsin the tool set
edit panel, while the second part shows the total amount of system
memory available for tool results. The example toolset edit panel in
Figure 4.22 (page 4-27) showsthis as 360/32768 Results bytes.

*The CVIM2 system automatically allocates memory space for tools and tool
results as needed. |f additional memory isrequired for atoolset or for results,
refer to Appendix B and the Variables section of Chapter 10 (page 10-3) for
information about setting environment variables.

Destination Buffers

A destination buffer (such as P1 or B1) isrequired for an image tool, profile
tool, and rotation finder tool, since the main function of these toolsisto
supply processed images either to themselves or to other tools that follow
them in the same tool set.

A destination buffer must be selected for any window tool that isto be
configured to use the Two Pass function. In this case, the destination buffer
must be selected in the tool set edit panel before the Two Pass function can
be enabled in the window tool’s tool edit panel. In addition, a destination
buffer can be selected for awindow tool when the only function of the buffer
isto provide a processed image source for tools that follow the window tool
in the toolset edit panel.

The two types of buffer, P1, P2, and P3, and B1, B2, and B3, perform the
same function of storing a processed image; however, they differ in their
duration of storage. The Px buffers are always released at the end of the
current inspection cycle, while the Bx buffers can be used in some
circumstances to store a processed image beyond the current instruction
cycle, and make it available to subsequent inspections.
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Options Selection Panel

selected tool) appears, as shown by the example in Figure 4.23. Note that the
selected tool isindicated by the cursor arrow (—) in the Num field of the
toolset edit panel.

Figure 4.23 Example: Options Selection Panel
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O Group O Group
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D1 Group I Group
D1 Group C Group
O Group O Group

The first four options in the Options selection panel are enabled or disabled
by aternately picking the check box alongside each option. When a check
appears in a check box, the corresponding option is enabled, and the option
is disabled when the check box is empty. The options are described briefly as
follows:

e Statistics — When the Statistics function is enabled, statistics
calculations are performed for the currently selected tool. Note: The
Statistics box is shaded for tools that do not support statistics
calculations (such as reference tools).

e |mage display — When the Image Display function is enabled, the
graphics symbols for the currently selected tool appear in theimage field
during inspection operations (setup mode and online).

e Resultsdisplay — When the Results Display function is enabled, the
results data from the currently selected tool appear in the Results panel
during inspection operations (setup mode and online).

e Monitor only — When the Monitor Only function is enabled for a
particular tool, the “Pass/Fail” results from that tool are prevented from
affecting the “Pass/Fail” results for the corresponding toolset. You can use
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the Monitor Only function to prevent a toolset from failing while still
receiving graphical Pass/Fail feedback from a particular tool within the
tool set.

For example, with Monitor Only enabled, the Pass/Fail results from tool
#1 of toolset #1 will not affect the Pass/Fail results of toolset #1.
Conversely, with Monitor Only disabled, the tool #1 results will affect the
toolset #1 results in the normal manner.

NOTE: If adiscrete output is assigned to report the Pass/Fail status of a
particular tool, the Monitor Only function, when enabled for that tool,
will not affect the discrete output Pass/Fail status.

e Tool Group — Eachtool in atoolset can be assigned atool “group
number” from 1 to 32, and the “Pass,” “Fail,” and “Execute” results
selections for each group of tools can then be used in communications
with a host system and in math tools.

By default, each tool isinitially assigned to group 1; thus, if no other
group numbers are designated, all tools within atoolset will belong to
group 1.

For communications results definitions, the results selections have the
following functions:

— Execute Groups— Thisrefersto the “execute” status of all groups of
toolsin the toolset. This result source returns a 32-bit result in which
the least significant bit represents group 1 and the most significant bit
represents group 32. Within each bit position, alogic “1” indicates that
at least one tool in the group executed, while alogic “0” indicates that
no tool in the group executed.

— Pass Groups — Thisrefersto the “pass’ status of all group of toolsin
the toolset. This result source returns a 32—bit result in which the |east
significant bit represents group 1 and the most significant bit
represents group 32. Within each bit position, alogic “1” indicates that
all tools in the corresponding group passed, while alogic “0” indicates
that at least one tool in the group failed.

— Fail Groups— Thisrefersto the “fail” status of all group of toolsin
the toolset. This result source returns a 32-bit result in which the least
significant bit represents group 1 and the most significant bit
represents group 32. Within each bit position, alogic “1” indicates that
at least one toal in the group failed, while alogic “0” indicates that all
toolsin the group passed.

— Execute Group# — Thisrefers to the “execute” status of one or more
groups of toolsin the toolset. The starting and ending group numbers
are specified by the #Index and #End Index values. This result
source returnsalogic “1” if any tool in any of the specified groups
executes during the inspection cycle, and alogic “0” if no tool in any
group executes.
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— Pass Group# — Thisrefersto the “pass’ status of one or more groups
of toolsin the toolset. The starting and ending group numbers are
specified by the #Index and #End Index values. This result source
returnsalogic “1” if all toolsin all of the specified groups pass, and a
logic “0” if any tool in any group fails.

— Fail Group# — Thisrefersto the “fail” status of one or more groups
of toolsin the toolset. The starting and ending group humbers are
specified by the #Index and #End Index values. This result source
returnsalogic “1" if any tool in any of the specified groups fails, and
alogic “0” if all toolsin all of the group pass.

For communications inspection events, the results selections have the
following functions:

— Execute Group# — Thisrefersto the “execute” status of one group of
toolsin thetoolset. The “#” represents a“Result Index” value, which
is the number of the group to be specified as the active inspection
event. The specified group generates an inspection event when any
tool in the group executes.

— Pass Group# — Thisrefersto the “pass’ status of one group of tools
inthetoolset. The “#" represents a“Result Index” value, which isthe
number of the group to be specified as the active inspection event. The
specified group generates an inspection event when all toolsin the
group pass.

— Fail Group# — Thisrefersto the “fail” status of one group of toolsin
thetoolset. The “#’ represents a“Result Index” value, which isthe
number of the group to be specified as the active inspection event. The
specified group generates an inspection event when any tool in the
group fails.

For math tool formulas, the results selections have the following
functions:

— Execute Group# — Thisrefersto the “execute” status of one group of
toolsin the toolset. The “#’ represents the number of the group whose
execute status is to be returned. The specified group returnsalogic “1”
if any tool in the group executes, and alogic “0” if no tool in the group
executes.

— Pass Group# — Thisrefersto the “pass’ status of one group of tools
in thetoolset. The “#" represents the number of the group whaose pass
statusis to be returned. The specified group returnsalogic “1” if all
toolsin the group pass, and alogic “0” if any tool in the group fails.

— Fail Group# — Thisrefersto the “fail” status of one group of toolsin
thetoolset. The “#’ represents the number of the group whose fail
statusisto be returned. The specified group returnsalogic “1” if any
tool in the group fails, and alogic “0” if all toolsin the group pass.
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Alternate Toolset Save Option

If, after you add tools to atoolset, the proposed storage device (such as
“EE:") isfull and cannot accept the enlarged toolset file, awarning message
will appear when you pick the EEE button, as shown in Figure 4.24:

Figure 4.24 Warning Message When Toolset File Cannot Be Saved in Current Device

System Warning 4186

File could not he =zaved.

[

In order to save an amended tool set when you see this warning message, you
must select an alternate storage device, such as the memory card, “MC:”

To save the tool set changes, pick the [E@ button on the warning message
panel. When you do, the “Save as . . .” panel appears, as shownin
Figure 4.25.

Figure 4.25 Selecting a New Device For Toolset Storage

:ToolsZa
:Tools1E
EE:Tools1A
EE: BuildRef1

EE:BuildRefZa
:BuildRef2
:BuildRef4
:BuildReft

Enter a file name. Default device is EE:.

B e EE EE | | |

NOTE: If you were to pick the ==l button onthe“Save as . ..” panel
at thistime, the panel would exit back to the toolset edit panel. If you then
picked the button in the tool set edit panel, any changes that you
made to the tool set would be lost.
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Pick the button to access the keyboard, as shown in Figure 4.25, and
enter the new device name and tool file name (such as“MC:Toolset5” in the
figure). Pick the IEX=E Kkey to enter the new name, exit the keyboard, and
return to the Save as . . . panel (the new device/tool file name will appear at
the bottom of the list in this panel).

Pick the Il button on the Save as . . . panel to return to the toolset edit
panel. To save the amended toolset in the new device (and exit the tool set
edit panel), pick the IEX@ button on the toolset edit panel. At this point, the
“Saving toolset . . .” message should appear.

Toolset Register Function

The tool register function shifts and/or rotates the entire cameraimage as
needed in order to move the new workpiece image to the same position that
the original workpiece image occupied within the image field, thereby
enabling you to adjust or reposition any of the existing inspection tools
and/or add new tools.

The register function works only for tools that receive position compensation
from areference tool that |ocates the shifted workpiece. Further, the
reference tool must be properly configured and must be able to locate the
workpiece on the current image.

When you activate the register function, the entire image field shifts/rotates
so that the current inspection tool lies over the workpiece image in the same
relationship as it did before the workpiece image shifted/rotated. Then, you
can select the inspection tools and “fine tune” their position and/or size over
the workpiece just as though the workpiece shift/rotation had not taken place.

Figure 4.26 through Figure 4.31 illustrate the register function. Figure 4.26
(page 4-36) showsaY’, Y then X reference line tool and awindow in their
original positions over aworkpiece image.

Figure 4.27 (page 4-36) shows the same tools after the workpiece image has
shifted and rotated in the image field while in setup display mode (or online
operation). The reference line tool has supplied shift and rotation
compensation to the window, which remains correctly positioned over the
workpiece image.
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Figure 4.26 Example: Original Positions of Tools and Workpiece Image
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Figure 4.27 Example: Shifted and Rotated Window and Workpiece Image
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When you exit the setup display mode (or online operation) and return to the
reference line edit panel, then select the window for the purpose of changing
the window’s position and/or size over the workpiece image without first
selecting the tool register function, you will find the workpiece image and
window relationship appearing as shown in Figure 4.28.

Figure 4.28 Example With Tool Register Function OFF
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In this case, you would not be able to reposition the window accurately, nor
set up new range limits or other parameters. To solve this problem, you can
pick the Register box on the toolset edit panel. When you do, a check (V)
appearsin the box, and the Register function is active. The immediate result
isthat the entire cameraimage shifts and rotates so that the workpiece image
is positioned as it was when the “nominal” position of the reference line tool
was “learned.” Thisis shown in Figure 4.29 (page 4-38).

With the workpiece image shifted and rotated back to its original position,
you can now reposition and/or resize the window as shown in Figure 4.30
(page 4-38).
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Figure 4.29 Example With Tool Register Function ON
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Figure 4.30 Example: Altering Window Over Shifted and Rotated Workpiece Image
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When you return again to setup display or online operations, the newly
altered window will appear correctly positioned over the workpiece image as
shown in Figure 4.31.

Figure 4.31 Example: Altered Window Shifted and Rotated

- CopyTestl

Tools Display Done
e Ceeeteten Cama el |

Each time you enter the toolset edit panel, the Register function will be
restored to its default setting, as specified in the Display panel (seethe
Selecting Display Parameters section of this chapter, on page 4-16, for
details).
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Image Manager Panel The Image Manager panel enables you to archive full images or parts of
images (called subimages). Full images are typically archived for
troubleshooting, documentation of the original setup environment, and
retention of rejected parts, while subimages are archived during
configuration for use as features and templates with tools such as reference
window, feature finder, and image tools.

Both types of images are archived as files on devices (memory) such as EE:
and MC:.

During configuration, when you pick the Image Name field in the reference
window or feature finder tool edit panel, or the Template field in theimage
tool edit panel, the Image Manager panel appears as shown in Figure 4.32
(A). During online operations, when you pick Save Image in the Display
menus, the Image Manager panel appears as shown in (B).

Figure 4.32 Image Manager Panel: Two Forms
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The parameter selectionsin the Image Manager panel provide a number of
choices for compressing and storing images and for converting images to
forms that are compatible with other image processing systems.
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Note that the panel contains severa selection fields, data entry fields, and
“buttons.” Hereisabrief description of their functions:

Subimage — The selection in this field determines whether or not a
subimage is to be selected. If Yes, you can specify an image whose size
can range from 8 pixels square up to the entireimage field. If No, you can
store only the entire image field.

The fixed default is Yes when the Image Manager pand is selected
while configuring a reference window, feature finder, or image tool. The
fixed default is No when the Image Manager panel is selected during
online operation.

Method — The selection in this field determines whether Baseline or
Lossless compression method is to be used when archiving the image.
With the Baseline method, the compression ratios are higher, but some
image datais lost. With the Lossless method, the compression ratios are
lower, but there is no loss of image data.

Default Device — Thisfield enables you to select the default memory
“device” in which to archive the images or subimages. Initialy, the
default device is MC:, which isthe external memory card.

Quantization — Thisfield is active only when you select the Baseline
compression method. It enables you to select the level of “quantization,”
which isavariable (range: 5 to 500) that determines the degree of
compression. Generally, the higher the quantization, the higher the
compression (and image data loss). The default valueis 100.

Predictor, Point Xform — These fields are active only when you select
the Lossless compression method, which causes all image filesto be
stored in JPEG form. The Predictor and Point Xform parameters enable
you to adjust the file storage in order to make the image files compatible
with other JPEG—based systems.

View — Use the [EEEZ8 button to view the highlighted image file.
Delete— Use the button to delete the highlighted image file.

P& P — Use the &l button to activate the “ pick and place” function.
Thisfunction is active only for subimages.

Save — Use the ISl button to save or archive the current image.
Done — Use the IEZEl button to exit the Image Manager panel.

NOTE: For technical information about the Quantization, Predictor, and
Point Transform selections, refer to the JPEG (Joint Photographic Experts
Group) specification for “Digital compression and coding of continuous-tone
till image,” 1SO/IEC DIS 10918-1.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 4

Inspection Configuration

Configuring Subimage

The Image Manager providesa*“pick and place” function to set the position
and size of the subimage window. To configure a subimage, pick the
button, then position the window over the appropriate feature in the image
field and set window’s size, asillustrated by the example in Figure 4.33.

Figure 4.33 Example: Subimage Window Positioned Over Feature

Envivonment File Editovras Heowwiiy  Heaouvoss
[=] Toolset 1 +
foois  Biasviay  Done

Subimage window IIT?

Pick & Place

Before saving the feature image, check the Default Device field. Initially,
the default deviceis“MC:,” which isthe memory card. If you expect to save
all (or most) feature image filesin this device, leaveit as“MC.:.” If, however,
you want to use another device, you can change the default device by picking
the Default Device field and selecting another device from the Devices
selection panel.

To save afeature image, pick the IESEl button. When you do, the keyboard
panel appears with thisinstruction in the title bar:

Enter a file name. Default device is MC:.

To store an image file in the default device, enter afilenamesuch as. . .

Featurel
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To store an image in a different device, enter the device name, acolon, and a
filename, such as. . .

EE:featurel
In al cases, after entering the appropriate image name in the keyboard panel,

pick the IEEZE key. When you do, the CVIM2 system begins saving the
subimage and displays this message:

Saving Image
Please Wait

When the CVIM2 system finishes saving the subimage, it displays this
message:

Done saving image
Compression ratio 2:1

The compression ratio value appearing in the message is truncated; thus, 2:1
could actually be 2.9:1. Also, the actual compression ratio value varies with
the details in the subimage. For |ossless compression, however, it cannot
exceed the theoretical limit of 4:1.

After aperiod of time that varies according to the size of the subimage, the
“Done”’ message disappears and the Image Manager panel reappears. Note
that the newly saved image file appearsas “EE:imagel 1, 55x59x8” in
the scrolling window, as shown in Figure 4.34.

Figure 4.34 Example: Image Manager Panel After Saving Image

Image Manager

EE:imagel 1, S55x59x8 r' Subimage Me thod
{other> ] CiBaseline
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Default Device
Quantization
Predictor

I_ Foint Xform

The“EE:imagel” identifies the memory device and filename of the image
file. The“1,” indicates that the image is a gray scale image (currently, this
valueisaways*“1”). The “55x59x8” indicates the image file sizein pixels.
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Pick the IEZEll button to exit the Image Manager panel back to the
appropriate tool edit panel or online display.

NOTE: TheEE: and/or MC: devices may be useful for saving subimages
while testing reference window or feature finder tools. However, when

testing is completed, transferring those subimages to the V1: or V2: devices
will release spacein the EE: device, or allow removal of the MC: device.

Configuring Full Image

Configuring afull image involves the same steps as configuring a subimage
except that no pick and place function is necessary or possible.
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This chapter discusses the procedures for positioning the various CVIM2
inspection tools within the image field and/or changing their size and shape.
Thisis called the “pick and place” function, and it can be performed using
either the light pen or the mouse.

Pick and Place Terms Here are some basic pick and place terms used in this manual:

1

Pick — Thisisthe name for the latching effect that occurs when you
press the light pen tip against atool (or click the mouse cursor on it).
After you pick atool or tool part, you can move (“drag”) the tool (or tool
part) across the image field.

Drag — Thisisthe name for the act of moving atool (or tool part) to a
new position on the image field.

Place — Thisisthe name for the latching effect that occurs when you
press the light pen tip against atool (or click the mouse cursor on it) after
dragging atool (or tool part) to a new position on the image field. When
you place atoadl, it remainsin its new paosition until you pick and place it
again.

Pick and place points — These are the points (or, more precisely,
regions) at which you must point or aim the light pen or mouse cursor to
pick atool in order to moveit, change its size, or change its orientation
in theimage field.

Vernier arrows— These are four graphic “arrow” buttons that enable
you to “finetune’ the position, size, or shape of atool, one pixel at a
time, by picking the arrow button that corresponds to the desired
direction: up, down, left, or right.

Thetool (or tool part) will move one pixel each time you pick an arrow
button. Note that the tool may not always appear to move in the display
panel, especially when display panel has been reduced to asmall size on
the monitor screen.

Auto repeat — If you press and hold the light pen tip against the arrow
button (or place the mouse cursor on the button and press and hold the
mouse button), the tool will move repeatedly, one pixel at atime, until
you release the light pen tip or mouse button.

The remaining sections of this chapter cover the pick and place procedures
for each type of inspection tool.

51
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Linear Gages

52

When you pick the button in the gage edit panel (during setup
mode) or the gage adjust panel (during online operation), the gage color
changes from red to green, and the Pick & Place panel appears, as shownin
Figure5.1.

Figure 5.1 Example: Pick and Place Panel for a Line

Pick & Place

The Pick & Place panel for the line gage contains the following data display
fields and buttons:

e X1Loc; Y1Loc— Thesetwo fields display, respectively, the current X
and Y coordinates of the “head” of the gage.

e X2Loc; Y2Loc— Thesetwo fields display, respectively, the current X
and Y coordinates of the “tail” of the gage.

e Arrow buttons, T, |, «, and — — When you pick an arrow button, by
default the entire line moves one pixd in the direction of the
corresponding arrow. If, however, you have just picked and placed the
“head” or “tail” of the line, the arrow buttons will then affect that part of
the line only.

e Done— When you have set the line's position and size as required for
the application, pick the button to exit the pick and place function
and return to the tool edit or adjust panel.

The green gage color indicates that the gage is enabled for pick and place
operations. Figure 5.2 (page 5-3) demonstrates the pick and place operation
asit pertainsto alinear gage. Using pick and place, you can change the
length and angle of alinear gage and position the gage anywhere, so long as
it lies entirely within the image field.

NOTE: Before using the buttons, you must first “click” the light pen or
mouse pointer anywhere outside the image display panel (except in the A-B
“Help” icon) in order to “activate” the Pick & Place panel. The panel is
active when its border changesto solid black.
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Figure 5.2 Example: Using Pick and Place to Alter a Line

Step 1: Pick thelineend at (or
near) point A and drag the
line end to point B.

. Step 2: Pick theline midpoint at
. (or near) point C and drag the
entirelineto point D.

The pick and place function operates the same with areference line asit does
with aline gage, except that since areference line can lie only on either the
X—axis or the Y—axis, it can be shortened or lengthened only along its
designated axis, within the limits of the image field. It can, however, be
positioned anywhere, so long as it lies entirely within the image field.

When you select an arc gage and then pick the IE=E==a button in the gage
edit panel, the gage color changes from red to green, and the Pick & Place
panel appears, as shown in Figure 5.3.

Figure 5.3 Example: Pick and Place Panel for an Arc

Pick & Place

2909

@MFixed Center

O Fixed Ends
I
= =

[ Done
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The Pick & Place panel for the arc gage contains the following data display
fields and buttons:

e X Cen; Y Cen — Thesetwo fields display, respectively, the current X
and Y coordinates of the center point of the arc.

e Radius— Thisfield displays the current arc radius in pixels.

e Theta— Thisfield displays the current location, in radians, of the “head”
of the arc, with respect to the 3 o’ clock position of the arc. The radian
value increases clockwise from that point.

e Radians— Thisfield displaysthe current arc size in radians.

e Arrow buttons, T, |, «, and - — When you pick an arrow button, by
default the entire arc moves one pixel in the direction of the
corresponding arrow. If, however, you have just picked and placed the
“head” or “tail” of the arc, the arrow buttons will affect that part of the arc
only.

e Done— When you have set the arc’s position and size as required for the
application, pick the IEEll button to exit the pick and place function and
return to the tool edit or adjust panel.

Figure 5.4 shows how an arc appears in its default state after you pick the
(IS button. Note that in this state the arc is nearly afull circle, with the
two ends at the 3 0’ clock pasition nearly touching.

Figure 5.4 Pick and Place Points for an Arc

Tail

Pick and
place points

AsFigure 5.4 shows, pick and place points are located at the arc center (A),
the “head” and “tail” (B and C), and the midpoint (D) between (B and C).

The function of point (A) depends on which of the two pick and place modes
you select: fixed center, or fixed ends. When you select the fixed center
mode, the center (indicated by the ) remains anchored in the image field;
whereas, when you select the fixed ends mode, the two ends of the arc remain
anchored in the image field.
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When you select the Fixed Center mode, the pick and place operations for an
arc gage have the following functions:

e Arcends— These pick and place points enable you to change the
number of degrees of arc from either end of the arc.

e Center of arc— This pick and place point enables you to change the
position of the entire arc within the image field.

e Arc midpoint — This pick and place point enables you to change the
radius of the arc while the number of degreesin the arc remains constant.

Figure 5.5 (page 5-6) demonstrates the operation of all pick and place
operations for an arc in the fixed center mode:

e Examplel: Theright end of thearcis picked at point C, dragged in a
circular motion to point C’, and then placed at point C’, thereby
decreasing the number of degreesin the arc (the arc radius remains the
same).

e Example2: The center of thearcispicked at point A, the entirearc is
dragged to point A’, and is then placed at point A’ (the number of degrees
in the arc and the arc radius are not changed).

e Example 3: The midpoint of the arc is picked at point D and is dragged
to point D’, thereby uniformly increasing the radius of the arc (the
number of degreesin the arc remains the same).

When you select the fixed ends mode, the pick and place operations for an
arc have the following functions:

e Arcends, center of arc — These pick and place points have the same
functions in the fixed ends mode as they do in the fixed center mode.

e Arc midpoint — This pick and place point enables you to change the
number of degrees of arc and the radius of the arc while the two ends of
the arc remain anchored. This point can move only in adirection that is
perpendicular to aline drawn through the two ends (regardless of their
orientation in the image field); otherwise, the movement is restricted only
by the limits of the image field.

Figure 5.6 (page 5-7) demonstrates the operation of the arc midpoint in the
fixed ends mode (the other pick and place points operate the same asin the
fixed center mode).

e Examplel: Thearc midpointis picked at point D, dragged upward to
point D’, and then placed at point D’. In this example, the number of
degreesin the arc decrease, but the radius of the arc increases.

e Example2: Thearc midpoint ispicked at point D, dragged downward to
point D’, and then placed at point D’. In this example, both the radius of
the arc and the number of degreesin the arc increase.

55
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Figure 5.5 Example: Using Pick and Place to Alter an Arc (Fixed Center Mode)
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arc out to point D”.
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Figure 5.6 Example: Using Pick and Place to Alter an Arc (Fixed Ends Mode)
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Rectangular Windows When you select a rectangular window shape and then pick the IRz
button in the window tool edit panel, the rectangular window Pick & Place
panel appears, as shown in Figure 5.7.

Figure 5.7 Example: Pick and Place Panel for Rectangular Window

Pick & Place

The rectangular window Pick & Place panel contains the following data
display fields and buttons:

e X Loc; Y Loc— Thesetwo fields display, respectively, the current X and
Y coordinates of the upper—left corner of the rectangular window.

e Length —Thisfield displays the window length (X—axis) in pixels.

e Height — Thisfield displays the window height (Y—axis) in pixels.

e Arrow buttons, T, |, «, and - — When you pick an arrow button, by
default the entire window moves one pixel in the direction of the
corresponding arrow. If, however, you have just picked and placed one

corner of the window, the arrow buttons will affect that part of the
window only.

e Done— When you have set the window position and size as required for
the application, pick the button to exit the pick and place function
and return to the tool edit panel.
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As Figure 5.8 shows, pick and place points are located at the window center
(A) and at the four corners (B, C, D, and E).

Figure 5.8 Pick and Place Points for a Rectangular Window

[0]

These pick and place points have the following functions:

e Center of window — The center pick and place point enables you to
move the entire window anywhere within the image field without
changing the window’s shape or size.

e Corners— The corner pick and place points enable you to drag each
window corner in any direction. The corner opposite the picked corner
always remains anchored. Thus, you can change the window size
anywhere between its smallest size and the limits of the image field.

Figure 5.9 (page 5-10) provides two examples that demonstrate the operation
of all pick and place operations for arectangular gage:

e Examplel: Thelower—right corner of the window is picked at point D,
dragged to point D’, and then placed at point D’, thereby decreasing the
size and changing the shape of the window.

e Example2: The center of the window is picked at point A, and the entire
window is dragged to point A’, and then placed at point A”.
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Figure 5.9 Example: Using Pick and Place to Alter a Rectangular Window

Step 1: Pick the
window at point D and
dragit to point D’.

Step 2: Pick the window
at the center (point A)
and drag the entire
window to point A’.

’
’
L

L]
’
e eccbecacnnneccnncnccncncancncnaand

Note that all four of the corner pick and place points operate the same way:
The picked corner can be dragged around the image field, along with the two
adjacent sides, while the opposite corner remains anchored.

5-10
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When you select an elliptical window and then pick the IEEEEEEE button in
the window edit panel, the window color changes from red to green, and the
Pick & Place panel appears, as shown in Figure 5.10.

Figure 5.10 Example: Pick and Place Panel for Elliptical Window

Pick & Place

The eliptical window Pick & Place panel contains the following data
display fields and buttons:

e X Cen; Y Cen — These two fields display, respectively, the current X

and Y coordinates of the center of the elliptical window.

Major — Thisfield displays the length of the major axis (along the
X—axis), in pixels.

Minor — Thisfield displays the length of the minor axis (along the
Y—axis), in pixels.

Arrow buttons, T, |, «, and - — When you pick an arrow button, by
default the entire window moves one pixel in the direction of the
corresponding arrow. If, however, you have just picked and placed one
side of the window, the arrow buttons will affect that part of the window
only.

Done — When you have set the window position and size as required for
the application, pick the IEEE button to exit the pick and place function
and return to the tool edit (or adjust) panel.

511
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Figure 5.11 shows the pick and place points that apply to an elliptical
window. (Note that the default elliptical window appears as acircle.)

Figure 5.11 Pick and Place Points for an Elliptical Window

Note that pick and place points are located at the center of the window (A)
and at the cardinal positions (B, C, D, and E) around the circumference of the
window. These pick and place points have the following functions:

e Center of window — The center pick and place point enables you to
move the entire window anywhere within the image field without
changing the window’s shape or size.

e Circumference points — The circumference pick and place points
enable you to drag the circumference either toward or away from the
center of the ellipse, while the center point remains anchored. Thus, you
can drag theright and | eft sides to the right and left, and the top and
bottom sides up and down. The effect is to stretch or compress the ellipse,
and thereby change both the size and shape of the elliptical window.

Figure 5.12 (page 5-13) demonstrates the operation of the elliptical window
pick and place points in three steps, as follows:

e Step 1. Thewindow is picked at point E, dragged to point E’, and then
placed at point E’. This decreases the width of the ellipse.

e Step 2 Thewindow is picked at point C, dragged to point C’, and then
placed at point C'. This decreases the height of the ellipse.

e Step 3: Thewindow is picked at center point A, the entire window is
dragged to point A’, and it is then placed (unaltered) at point A’.

5-12
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Figure 5.12 Example: Using Pick and Place to Alter an Elliptical Window

Step 1: Pick the
window at point E and
dragit to point E’.

~ ' -

Sl --" 'Step 2: Pick the window

at point C and drag it to
.= -.. point C’.
l" ‘\
A}
‘ J '
' . N Step 3: Pick the window at
. . S center point A and drag the
KR L entire window to point A’
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Circular Windows When you select an circular window and then pick the button in
the window edit panel, the window color changes from red to green, and the
Pick & Place panel appears, as shown in Figure 5.13.

Figure 5.13 Example: Pick and Place Panel for Circular Window

Pick & Place

X Cen: 2508
¥ Cen: 264
Radiuns: 49

The circular window Pick & Place panel contains the following data display
fields and buttons:

e X Cen; Y Cen — These two fields display, respectively, the current X
and Y coordinates of the center of the circular window.

e Radius— Thisfield displays the window radius, in pixels.

e Arrow buttons, T, |, «, and — — When you pick an arrow button, by
default the entire window moves one pixel in the direction of the
corresponding arrow. If, however, you have just picked and placed one
side of the window, the arrow buttons will affect that part of the window
only.

e Done— When you have set the window position and size as required for

the application, pick the button to exit the pick and place function
and return to the tool edit (or adjust) panel.
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Figure 5.14 shows the pick and place points that apply to a circular window.

Figure 5.14 Pick and Place Points for a Circular Window

Anywhere on the
circumference

Note that pick and place points are located anywhere on the circumference of
the window and at the center of the window. These pick and place points
have the following functions:

e Center of window — The center pick and place point enables you to
move the entire window anywhere within the image field without
changing the window’s size.

e Circumference — The entire circumference is a pick and place point for
the purpose of changing the window’s size or radius.

Figure 5.15 (page 5-16) demonstrates the operation of the circular window
pick and place pointsin two steps, as follows:

e Step 1: Thewindow is picked at point B, dragged to point B’, and then
placed at point B”. Thisincreases the radius of the circle.

e Step 2. Thewindow is picked at the center point A, the entire window is
dragged to point A’, and it is then placed (unaltered) at point A”.

5-15
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5-16

Figure 5.15 Example: Using Pick and Place to Alter a Circular Window

Step 1: Pick the

window at point B and

dragit to point B".

' ' Step 2: Pick the window at
center point A and drag the
entire window to point A”.
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When you select the arc ring shape for a window tool and then pick the

IS button in the window edit panel, the arc ring window color
changes from red to green, and the Pick & Place panel appears, as shownin
Figure 5.16.

Figure 5.16 Example: Pick and Place Panel for Arc Ring Window

Pick & Place

X Cen: 289
¥ Cen: 229
0. Rad:
I.Rad:
Theta:
Radians:

MFixed Centexr
D Fixed Ends

The arc ring window Pick & Place panel contains the following data display
fields and buttons:

e X Cen; Y Cen — These two fields display, respectively, the current X
and Y coordinates of the center of the arc ring window.

e O Rad — Thisfield displays the radius of the outer ring, in pixels.
e | Rad — Thisfield displays the radius of the inner ring, in pixels.

e Theta— Thisfield displays the current location, in radians, of the “head”
of the arc ring, with respect to the X—axis 0° point. The radian value
increases clockwise from that point.

e Radians— Thisfield displaysthe current arc ring size in radians.

e Arrow buttons, T, |, «, and — — When you pick an arrow button, by
default the entire arc ring window moves one pixel in the direction of the
corresponding arrow. If, however, you have just picked and placed one
side of the inner or outer ring, the arrow buttons will affect that part of the
window only.

e Done— When you have set the window position and size as required for
the application, pick the IEEEE button to exit the pick and place function
and return to the tool edit panel.
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When you pick the button in the window edit panel, the destination
window color changes from red to green, and the corresponding Pick &
Place panel appears. Since the pick and place functions for the destination
window are the same as for the rectangular window, refer to the Rectangular
Windows section on page 5-8 for details.

NOTE: The destination window should always be configured with the
vertical axislonger than the horizontal axis, since the image datais displayed
vertically. The aspect ratio should be adjusted as needed to optimize the
appearance of the part or item being inspected.

Figure 5.17 (upper part) shows how an arc ring appearsin its default state.
Note that in this state the arc ring window is nearly afull circle, with the two
ends of the arc ring nearly touching at the X—axis 0° point.

Figure 5.17 Pick and Place Points for an Arc Ring Window

Arc ring window
in default state

........ >
0° X—-axis
Pick and place points:
A through E “Tail” end

“Head” end

Figure 5.17 (lower part) shows where the pick and place points are located:
at the arc ring center (A), the two ends (B and C), and the midpoint between
the two ends for the outer ring (D) and the inner ring (E).
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The function of points (D) and (E) depends on which of the two pick and
place modes you select: fixed center, or fixed ends. When you select the
fixed center mode, the center (indicated by the e) remains anchored in the
image field. In this mode, the diameter of the picked ring changes, while the
diameter of the other ring remains unchanged. When you select the fixed
ends made, however, the two ends of the arc ring remain anchored in the
image field. In this mode, the radii of both rings change in lockstep, and the
spacing between them remains constant.

When you select the Fixed Center mode, the pick and place operations for an
arc ring window have the following functions:

e Arcring ends— These pick and place points enable you to change the
number of radians of arc from either end of the arc ring.

e Center of arcring— This pick and place point enables you to change
the position of the arc ring window within the image field.

e Arcring midpoint — This pick and place point enables you to change
the radius of the picked ring (outer or inner), while the number of radians
in the picked ring remains constant (and the unpicked ring remains
unchanged).

Figure 5.18 (page 5-20) demonstrates the operation of all pick and place
operations for an arc in the fixed center mode:

e Examplel: Theright end of thearcringis picked at point C, dragged in
acircular motion to point C’, and then placed at point C’, thereby
decreasing the number of radians in the arc ring (the arc radius remains
the same).

e Example2: The center of thearc ring is picked at point A, the entire arc
is dragged to point A’, and is then placed at point A” (the number of
radians in the arc ring and the arc ring radius are not changed).

e Example 3: The midpoint of the outer arc ring is picked at point D and is
dragged to point D’, thereby uniformly increasing the radius of the outer
arc (the number of radians in the arc remains the same, and the inner arc
is unchanged).

When you select the fixed ends mode, the pick and place operations for an
arc ring have the following functions:

e Arcring ends; center of arcring — These pick and place points have
the same functions in the fixed ends mode as they do in the fixed center
mode.

e Arcring midpoint — This pick and place point enables you to change
the number of radians of arc and the radius of the arc ring while the two
ends of the outer arc ring remain anchored. This point can move only in a
direction that is perpendicular to aline drawn through the two ends
(regardless of their orientation in the image field); otherwise, the
movement is restricted only by the limits of the image field.
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Figure 5.18 Example: Using Pick and Place to Alter an Arc (Fixed Center Mode)

Example 1: Pick thearc

ringendat point C . .. P

3
'
'
[

'

... and drag the, LT Example 2: Pick thearc
arcend topoint C". ring center at point A . . .

[A]

...and dragtheentire
arcringtopoint A”.

Center of arcring
remains fixed

~ -
-
@ TeeetT

Example 3: Pick the
outer arc ring midpoint
at pointD. ..

... and expand the outer
arcring out to point D’.

Figure 5.19 (page 5-21) illustrates the operation of the arc ring midpoint in

the fixed ends mode (the other pick and place points operate the same asin
the fixed center mode).
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e Examplel: Thearcring midpoint is picked at point D, dragged upward
to point D’, and then placed at point D’. In this example, the number of
radians in the arc ring decrease, and the radius of the inner and outer rings
will increase.

e Example2: Thearcring midpoint is picked at point D, dragged
downward to point D’, and then placed at point D’. In this example, the
number of radiansin the arc ring and both radii increase.

Figure 5.19 Example: Using Pick and Place to Alter an Arc (Fixed Ends Mode)

... and contract the
arcringto point D"
Ends of
outer ring

remaiNfixed Example 1: Pick the

arc ring midpoint at
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Example 2: Pick
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midpoint at point

... and expand thearc
ring out to point D’.
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Polygon Windows When you select a polygon window and then pick the IS button in
the window edit panel, the window color changes from red to green, and the
Pick & Place panel appears, as shown in Figure 5.20.

Figure 5.20 Example: Pick and Place Panel for Polygon Window

Pick & Place

Verticies: 4
Uertex #: @
X Loc: 258
¥ Loc: 215

mMove Polugon
JMove WVerte:x
CAadd Uentesx
CODelete Uertesx

The polygon window Pick & Place panel contains the following data
display fields and buttons:

e Vertices— Thisfield displays the number of verticesin the current
polygon window.

e Vertex # — Thisfield displays the number of the last vertex to be moved
using the Move Vertex pick and place mode.

The vertices are numbered according to their positions on the default
polygon. Thus, the numbers start at #0 and increase clockwise. (Vertex
number 0 always remains fixed relative to the polygon, regardless of how
the polygon is altered subsequently.)

e X Loc; Y Loc— TheX Loc field displays the window length (X—axis),
and the Y Loc field displays the window height (Y—axis), in pixels.

e P& P function selections — These circles enable you to select the
specific pick and place function.

e Arrow buttons, T, |, «, and - — When Move Polygon is selected and
you pick an arrow button, the entire window moves one pixdl in the
direction of the corresponding arrow.

When Move Vertex is selected, you must “double—click” on the vertex
whose position you want to “fine tune” before the arrow buttons can have
any effect.

e Done— When you have set the window position and size as required for
the application, pick the button to exit the pick and place function
and return to the tool edit panel.
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Figure 5.21 shows how a polygon window appear in the default state after
you select the pick and place function. It also shows the pick and place points
that apply when a polygon window is in the Move Vertex mode, the default
mode. (The other modes are Move Polygon, Add Vertex, and Delete Vertex.)

NOTE: In the Move Polygon mode, you can pick the polygon from any
point in the image field and drag the entire polygon, unaltered, anywhere
around the image field.

Figure 5.21 Pick and Place Points for a Polygon Window — Move Vertex Mode

The Move Vertex pick and place points are located at each vertex on the
window (A, B, C, and D), as shown in Figure 5.20. These pick and place
points enable you to drag a vertex anywhere within theimage field. There are
no restrictions on its movement; thus, for example, you can drag a vertex
across one of the polygon’s sides.

Figure 5.22 (page 5-24) demonstrates the operation of the Move Vertex pick
place pointsin the following steps.

e Step 1: Thevertex ispicked at point A, dragged to point A’, and then
placed at point A’. This increases the width of the polygon.

e Step 2. Thevertex ispicked at point D, dragged through the bottom side
to point D’, and then placed at point D”. This has the effect of creating two
three—sided polygons, joined at a vertex.
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Figure 5.22 Example: Using the Move Vertex Pick and Place Points to Alter a Polygon
Window

Step 1: Pick the polygon
at point A ...

...and drag the vertex
to point A”.

Step 2: Pick

the polygon El

atpointD ...

— ...and drag the
vertex to point D’.
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For the Add Vertex mode, the pick and place points enable you to separate
the corresponding polygon sides into two parts, forming two sides and a new
vertex. The maximum number of vertices (and sides) is 16.

The pick and place points for the Add Vertex mode are located as shown in
Figure 5.23.

Figure 5.23 Pick and Place Points for a Polygon Window — Add Vertex Mode

Note that the pick and place points are located at the midpoint along each
side of the polygon window.

Figure 5.24 (page 5-26) demonstrates the operation of the Add Vertex pick
and place points in the following steps:

e Step 1. Thepolygon sideispicked at point A, and the first new vertex is
dragged to point A’, and is then placed at point A’.

NOTE: When you add a vertex, the pick and place mode automatically
changes back to Move Vertex. Thus, to add another vertex, you must
reselect the Add Vertex mode.

e Step 2 The Add Vertex mode is reselected.

e Step 3: Thepolygon sideis picked at point B, the second new vertex is
dragged to point B’, and is then placed at point B’.
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Figure 5.24 Example: Using the Add Vertex Pick and Place Points to Alter a Polygon
Window

...and drag the new
vertex to point A’.

Step 1: Pick the polygon
at pointA ...

...and dragthe
new vertex to
point B’.

Step 2 Reselect the
Add Vertex mode

Step 3: Pick the
polygon at pointB . ..
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The Delete Vertex pick and place points are located at each vertex on the
window (1, 2, 3, and 4), as shown in Figure 5.25. These pick and place points
enable you to join the two sides adjacent to a vertex into one side, thus
eliminating both the vertex and one side.

Figure 5.25 Pick and Place Points for a Polygon Window — Delete Vertex Mode

Figure 5.26 (page 5-28) demonstrates the operation of the Delete Vertex pick
and place points in the following steps:

e Step 1. When the vertex is picked at point 5, the vertex disappears, and
the two adjacent sides join into one side from 1 to 4.

e Step 22 When the vertex is picked at point 4, the second vertex
disappears, and the two adjacent sides join into one side from 1 to 3.

NOTE: A polygon must have at |east three sides; thus, when apolygonis
reduced to three sides, the Del ete Vertex mode changes to the Move Vertex
mode, and the Delete Vertex mode becomes unavailable.
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Figure 5.26 Example: Using the Delete Vertex Pick and Place Points to Alter a Polygon
Window

Step 1: When you pick
thevertex at point 5. ..

... thevertex disappears
and a side forms between
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Step 2: When you pick
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[
.
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A light probe (oneis assigned to each camera) can be picked and placed
anywhere within the top half of the image field; however, its size and shape
can be changed only within certain limits: The smallest sizeis 8 pixelslong
by 8 pixels high, and the largest size is 32 pixelslong by 64 pixels high
(these sizes will vary with different camera resol ution settings).

The Il button in the Probe panel activates the light probe for
repositioning and resizing; that is, after picking that button you can pick the
light probe in one of its four cornersto change its size, or you can pick it in
the center to move it without changing its size.

When you pick the button, the light probe changes color from red to
green, indicating that it is enabled for “pick and place” operations. At the
same time, the Pick & Place panel appears on the screen, as shown in
Figure 5.27.

Figure 5.27 Example: Pick and Place Panel for a Light Probe

Pick & Place

40838

The Pick & Place panel for the light probe contains the following data
display fields and buttons:

e X Loc— Thisindicatesthe current X coordinate, in pixels, of the
upper—eft corner of the probe box from the left side of the screen.

e Y Loc— Thisindicatesthe current Y coordinate, in pixels, of the
upper—eft corner of the probe box from the top of the screen.

e Length — Thisindicates the current length of the probe box, in pixels.
e Height — Thisindicates the current height of the probe box, in pixels.

e Arrow buttons, T, |, «, and — — When you pick an arrow button, by
default the entire light probe moves one pixel in the direction of the
corresponding arrow. If, however, you have just picked and placed one
corner of the light probe, the arrow buttons will affect that part of the light
probe only.

e Done— When you finish the pick and place operations, picking the
IE=l button returns to the camera setup panel.
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Reference Tools

This chapter provides detailed information about the reference line tool, the
reference window tool, the rotation finder tool, and the build reference tool.

All of these tools detect workpiece shift and/or rotation in the image field
and apply shift and/or rotation compensation to all associated inspection
tools so that they maintain the same relation to the workpiece image before
the workpiece shifted and/or rotated.

NOTE: A basic rule appliesto areference tool’s sequence position in the
toolset edit panel. It isthis. A reference tool must always precede all tools
that are intended to derive position compensation from it. Thus, for example,
if tool #1 were a gage, tool #2 awindow, tool #3 arotation finder, and tool
#4 another gage, only tool #4 could be referenced to tool #3, the rotation
finder.

This section discusses the reference line tool and the shift and rotation
compensation that it can provide to other tools.

Once you have selected areference line tool, you can configureit for an
inspection application by picking the Ref. Line field in the toolset edit panel.
When you do, the reference line edit panel appears, as shown by the example
in Figure 6.1 (page 6-2).

Note that in Figure 6.1 the reference line tool is shown in its default position
on the screen. Note also that the default reference line tool “operation” is X
only — a single operation. (Other tool operations use two or three lines or
axes. All of the reference line tool operations are illustrated later in this
chapter.)

The reference line edit panel (named “Toolset 1.Tool 3 Edit” in Figure 6.1)
contains the following data fields and buttons:

e Operation — Thisfield provides access to the selection of one of the six
reference line tool “operations.”

e Nominal —When you pick thisfield, the currently selected and
configured reference line tool stores the current part position, to be used
during inspection to compute the workpiece's offset from the “nominal”
position.

e Refline X — This button accesses the configuration panel for the X—axis
of the reference line.

e ReflineY — This button accesses the configuration panel for the Y —axis
of the reference line.

6-1
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Overview: Reference Line
Tool Configuration

62

o Refline X’, Refline Y — This button accesses the configuration panel for
either the X’— or the Y’—axis of the reference line, according to the
selected operation.

Figure 6.1 Example: Selecting the Reference Line Edit Panel

Edit "Toolset 1"
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Toolset 1.Tool 3 Edit

Operation X only
Hominal a, a. 9.8"

The remainder of this section discusses reference line tool configuration from
the perspective of the data fields and buttons in the reference line edit panel.

A reference line tool can be selected when the tool set edit panel is on the
screen. Starting from the main menu bar, the selection path to this panel is as
follows. Editors — Configuration — Setup — Tools. This selection path
is shown by the example in Chapter 7, Inspection Tools, Figure 7.2 (page
7-3).

Hereisasummary of the basic reference line tool selection and configuration
steps, listed in their normal order of performance. These steps are common to
al six reference line tool operations (except as noted):

1. Select referencelinetool operation — select one of the six reference
line tool operations according to the application requirements.
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2. Configureeach axis:
a. Select mode — select either the binary mode or the gray scale

mode.

b. “Pick and place” — position the axis over the workpiece as
required.

c. Adjust thresholds— adjust the binary (or gray scale) thresholds, as
required for edge detection.

d. Definefeatures— select the point that will be used to locate the
workpiece along the axis.

3. Learn nominal values— perform a“learn” operation to store the
“nominal” values — the data that indicate the workpiece'sinitial
position.

Asnoted earlier, there are six reference line tool operations, each of which
involves one, two, or three lines or “axes.” When you pick the Operation
field in the reference line edit panel, the Refline Operation selection panel
appears, as shown in Figure 6.2.

Figure 6.2 The Refline Operation Selection Panel

Ref line Operation

only
only
then ¥
then X
X then ¥

¥ then X

The exact function that areference line tool performs depends on which one
of the six “operations’ has been selected. These operations use one, two, or
three reference line axes. The three—axis operation is capable of providing
rotation compensation.

Note that this selection pand lists the six reference line tool operations as
follows: X only and Y only, which use one axis; X then Y and Y then X,
which usetwo axes; and X' , X then Y and Y’ , Y then X, which use three
axes. These operations differ mainly in the number of axes used and in the
order of their evaluation.

Table 6.1 (page 6—4) summarizes the reference line tool operationslisted in
the Refline Operation selection panel.
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The sections following Table 6.1 provide detailed descriptions of the six
reference line tool operations and how they apply shift and/or rotation
compensation to the associated inspection tool during setup and online
operations.

Table 6.1 Reference Line Operations: Summary

Referencg Line Functions
Operation
X only Compensates for horizontal (X-axis) shift only.
Y only Compensates for vertical (Y-axis) shift only.
XthenY Compensates for horizontal (X-axis) shift first, then vertical (Y-axis) shift.
Y then X Compensates for vertical (Y-axis) shift first, then horizontal (X-axis) shift.
) Compensates for horizontal (X-axis) shift and rotation (two X axes) first, then
X', XthenY ! . .
vertical (Y-axis) shift.
) Compensates for vertical (Y-axis) shift and rotation (two Y axes) first, then
Y'Y then X : o
horizontal (X-axis) shift.
X only

The X only operation consists of asingle reference line that lies along the
horizontal (X) axis of theimage field. X only is appropriate in applications
where workpiece shift is expected in the X—axis, but not in the Y—axis.
Figure 6.3 shows an X only reference line detecting X—axis workpiece shift
and applying X—axis shift to aline gage.

Figure 6.3 Example: Using an X Only Reference Line Operation

Line gage: Workpiece:
original position _— Nhominal position
X-axis
referenceline™a NOMINAL
POSITION
Linegage: with X—axis Workpiece:
shift compensation applied\ position after shift
Workpiece
X—axis shift
referenceline T
~a INSPECTED
POSITION
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Y only

The Y only operation consists of asingle reference line that lies along the
vertical (Y) axis of theimage field. Y only is appropriate in applications
where workpiece shift is expected in the Y—axis, but not in the X—axis.
Figure 6.4 showsaY only reference line detecting Y —axis workpiece shift
and applying Y—axis shift to aline gage.

Figure 6.4 Example: Using a Y Only Reference Line Operation

MG Workpiece:
referencelme\ nominal position
Line gage:
iginal boditi
original position ~ NOTIAL
POSITION
Y-axis
referencellne\
Workpiece
Sh'ft\T Workpiece:
position after shift
Linegage: with Y—-axis y
shift compensation applied |
INSPECTED
POSITION
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XthenY

The X then 'Y reference line operation consists of two reference lines, one
that lies along the horizontal (X) axis of the image field, and one that lies
aong the vertical (Y) axis. This operation is appropriate in applications
where workpiece shift is expected in both the X—axis and the Y—axis, but
with more shift occurring along the X—axis. (No workpiece rotation is
expected.)

In operation, the X then Y reference line operation evaluates the X—axis first
to determine the X—axis shift. It applies X—axis shift compensation to the
Y —axis before evaluating the Y—axis.

Figure 6.5 illustrates the X then Y reference line operation detecting X—axis
workpiece shift, applying X—axis shift to the Y—axis, then detecting Y—axis
shift in the same workpiece and applying the combined X-Y shift to the
associated window.

Figure 6.5 Example: Using an X Then Y Reference Line Operation

' \'Nindow.: . Workpiece:
original posmon\ _ nominal position
X—axis
referenceline,
. NOMINAL
POSITION
Y—-axis
referenceline—

Window: with X— Workpiece:
and Y-axis shift P position after shift
compensation applied\ o1
X-axis INSPECTED
referenceline\ POSITION
I Y—-axis
X—axis ' workpiece
wor kpiece :4/ shift
shift \|.\.‘. - o Y—axiswith X—axis shift
le— compensation applied
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Y then X

TheY then X reference line operation consists of two reference lines, one
that lies along the vertical (Y) axis of theimage field, and one that lies along
the horizontal (X) axis. This operation is appropriate in applications where
workpiece shift is expected in both the X—axis and the Y—axis, but with more
shift occurring along the Y—axis. (No workpiece rotation is expected.)

In operation, the Y then X reference line operation evaluates the Y—axis first
to determine the Y —axis shift. It applies Y—axis shift compensation to the
X—axis before evaluating the X—axis.

Figure 6.6 illustratesthe Y then X reference line operation detecting Y —axis
workpiece shift, applying Y—axis shift to the X—axis, then detecting X—axis
shift in the same workpiece and applying the combined X-Y shift to the
associated window.

Figure 6.6 Example: Usinga Y Then X Reference Line Operation

_ \_Nindow_: _ Workpiece:
original position nominal position
X-axis

referenceline
\ NOMINAL
POSITION
Y-axis
referenceline—

Y-axis
wor kpiece S
Window: with X— shift \
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- - >
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shift compensation
applied _ X \\ Workpiece:
X—axis Y—axis position after shift
workpiece  eferenceline

shift
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X', XthenY

The X', X then Y reference line operation consists of three reference lines,
two that lie along the horizontal (X) axis of the image field, and one that lies
aong the vertical (Y) axis. This operation is appropriate in applications
where workpiece shift and rotation are expected.

In operation, the X’, X then Y reference line operation evaluates the two
X—axesfirst for X—axis shift and for rotation, using the difference in the
amount of shift along both X—axes to calculate the number of degrees of
rotation. It applies X—axis shift compensation to the Y—axis, as required,
before evaluating the Y—axis for workpiece shift. (Note that the Y—axisis not
rotated prior to analysis.)

Figure 6.7 illustrates the three X, X then Y reference lines detecting a
shifted and rotated workpiece, applying the X—axis shift to the Y—axis, then
detecting Y —axis shift in the same workpiece and applying the combined
X-Y shift and rotation to the associated line gage.

Figure 6.7 Example: Using the X', X Then Y Reference Line Operation

Workpiece:
X—axis nominal position
reference Iine\
i NOMINAL
X-axs POSITION
reference Ilne\ \
Line gage:
original position
Y-axis
referenceline— |

— Workpiece:
of —aX|s|_ position after shift
reterence |ne\ and rotation
Linegage: with X—and INSPECTED
Y—axis shift and rotation —— POSITION
compensation applied
_ Y—axis
X—axis/ T worsﬁ'p;lece
_— t
referenceline :
------ .
X-axis S N
workpiece Y—axis with X—axis shift
shift compensation applied
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Y', Y then X

TheY’, Y then X reference line operation consists of three reference lines,
two that lie along the vertical (YY) axis of the image field, and one that lies
along the horizontal (X) axis. This operation is appropriate in applications
where workpiece shift and rotation are expected.

In operation, the Y’, Y then X reference line operation evaluates the two
Y—-axesfirst for Y—axis shift and for rotation, using the difference in the
amount of shift along both Y—axes to calculate the number of degrees of
rotation. It applies Y—axis shift compensation to the X—axis, as required,
before evaluating the X—axis for workpiece shift. (Note that the X—axisis not
rotated prior to analysis.)

Figure 6.8 illustrates the three Y’, Y then X reference lines detecting a
shifted and rotated workpiece, applying the Y —axis shift to the X—axis, then
detecting X—axis shift in the same workpiece and applying the combined
X=Y shift and rotation to the associated line gage.

Figure 6.8 Example: Using the Y’, Y Then X Reference Line Operation

Window: Workpiece:
original position nominal position
X—axis

referenceline
. NOMINAL
POSITION
Y—-axis Y_axis
referenceline — | T~ reference line

Window: with X—and X—axis
Y—axis shift and rotation - . .,.I workpiece

compensation applied \ shift

Workpiece:
position after shift

is Wi i nd rotation
X—axiswith Y—-axis and rotatio

shift compensation

applied INSPECTED
POSITION
Y—-axis
workpiece
shift
Y—axis Y—-axis
referenceline

referenceline
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Reference Line Tool
Configuration

6-10

This section discusses the configuration steps that are accessed from the
Refline buttonsin the reference line tool edit panel. Note that the Refline
buttons that are active (white type) at any one time depend on the currently
selected operation. Thus when X only is selected, for example, only the
button is active.

For the purposes of this discussion, the X', X then Y three-axisreference
line tool operation is assumed to have been selected in the Refline
Operation selection panel (Figure 6.2, page 6-3), and the reference line
edit panel is displayed on the screen as shown in Figure 6.9.

From that starting point, the configuration process begins when you pick the
(ISR button on the reference line edit pandl and the Refline X—axis
configuration panel appears, as shown in Figure 6.9.

Figure 6.9 Selecting the Refline X-axis Configuration Panel

CopyTest.Tool &6 Edit

Opeyration X', X then Y
Hominal

\
\§.

Refline X Axis

Mode
Shape
Filtexr
Hidth

The Refline X—axis and Refline Y—axis configuration panels (not shown)
contain the same data fields and buttons as the Refline X—axis panel in
Figure 6.9, above. Thus, the following descriptions of apply to all three of
these axis configuration panels.

e Mode— Thisfield enables the selection of either the binary edge
detection or the gray scale edge detection.

e Shape— Thisfield isinactive (shaded type) for reference line tool
purposes, since thereisno circular or “arc” reference linetool.
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e Filter — Thisfield provides access to the selection of one of the ten
levels of “noise” filtering for the workpiece image. Thisfield is active
only when the binary imaging mode is selected.

e Width — Thisfield provides access to the selection of one of the five
preset reference line widths.

e P& P Gage — The IEEE=Zl button provides access to the “ pick and
place” function for the current axis (the X—axis, in this case).

e Threshold — The E==xl button provides access to the threshold—
setting function, which enables you to modify the edge detection
parameters.

e Feature— The IEESEZ=a button provides access to the selection of the
group of reference points (“mode”), the specified reference point
(“ offset”), and the search direction.

e Done— The [EZ button saves the currently selected configuration
settings for this axis, then exits the axis configuration panel and returns to
the reference line edit panel.

Mode Selection

When configuring each reference line axis, you must select an edge detection
mode that is appropriate for the particular workpiece image. Hereisa
description of each imaging mode:

e Binary mode — The binary edge detection mode thresholds pixelsin the
image to two states, white and black. The thresholded (or binary) imageis
displayed in aregion that directly surrounds the reference line in a box
called the “area of interest.” (Thisbox serves asavisua aid for setting the
binary threshold, which is described in Chapter 8 under the Gaging Tools:
Binary Threshold Procedures heading.)

The binary imaging mode is most appropriate when the inspected

workpiece has a sharp black—and—white contrast with its background,
such aswhen it is backlighted.

e Gray scale mode — The gray scale edge detection mode detects edges
by looking for points at which the image brightness changes substantially
over a short distance. (Gray scale threshold procedures are described in
Chapter 8 under the Gaging Tools: Gray Scale Threshold Procedures
heading.)

The gray scale edge detection mode is most appropriate when the image
cannot be easily segmented using a binary threshold.

Shape Selection

This selection isinactive (shaded type) since it does not apply to reference
linetools. It is active only for the configuration of line gages.
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Filter Function
The filter function is active only when the binary gaging mode is selected. It

is described in Chapter 8, Threshold, Filters, and Morphology, under the
Binary Filter heading.

Line Width Selection

The Gage Width selection menu provides five preset line widths, as shown
in Figure 6.10. The default line width selectionis*“1.”

Figure 6.10 The Line Width Selection Menu

The “width” of the reference line axisis stated in pixels; thus, for example,
an X—axis reference line 150 pixels long will be eight pixelswideif “8" is
selected. (The line's appearance on the screen, however, does not change
with different width selections. It aways appears as asingle-width line.)

When awidth of “1” is selected, the pixels along the length of the reference
line axis are evaluated only according to the threshold and filter settings, for
abinary axis, or the kernel and threshold settings, for agray scale axis.

When awidth of “2" or more is selected, the pixels across the width of the
axis (at each point on the axis) are averaged first, after which the average
value is evaluated according to the threshold or threshold/filter settings as
described above.

The averaging works like this: At each point along a reference line axis, the
brightness values (from 0 to 255) of all pixels across the width of the axis are
summed, then divided by the width. For example, if you selected a width of
8, and the pixels across the width at one point along the axis were 145, 148,
150, 156, 167, 164, 172, and 170, the sum (1272) divided by 8 equals 159,
the average brightness value across the axis at that point. The value “159” is
then evaluated according to the threshold and filter settings. In this example,
if abinary threshold were set to 160, the average brightness value would be
on the low side of the threshold even though several of the pixels at that point
across the axis were higher than 160.
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NOTE: Wide gages are less likely to detect image features that are narrow
and perpendicular to the gage. Thus, awide gage can be useful for detecting
wide edges while ignoring dirt or other “noise” along the edge. The width
setting may change the speed of the tool; however, the change in speed is
application dependent.

Pick and Place Function

When you pick the [IEEEEZ button on the axis configuration panel, the Pick
& Place panel appears, as shown in Figure 6.11, and the pick and place
function is activated. For details about the pick and place function as it
pertains to the reference line tool, refer to Chapter 5, Pick and Place
Functions.

Figure 6.11 Example: Selecting the Pick & Place Panel

Ref line X Axis

Mo de
Shape
Filtexr
Hidth

Threshold Setting Function

For details about the threshold setting functions as they pertain to the
reference line tool, refer to Chapter 8, Thresholds, Filters, and Morphology.
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Feature Selection

When you pick the button on the axis configuration panel, the
Define Feature panel appears, as shown in Figure 6.12.

Figure 6.12 Example: Selecting the Define Feature Panel

Refline X Axis

Mode
Shape
Fil texr
Hidth

Def ine Feature

Mode All Edges
Dix Head to Tail
Offcet 1.8

The thresholding/filtering settings, aong with the width selection, determine
which light/dark transitions along a reference line axis are detected as edges.
The purpose of the feature selection processis to specify which one of these
edges (or midpoints between edges) is to be used as the one basis for
calculating shift and/or rotation compensation for the associated axis.

The edge selection process also identifies the edge search direction and the
edge search mode.

Hereisabrief description of the reference point selection functions:

e Mode — This function selects afeature mode, which identifies a range of
edges within which areference line searches for the specified reference
point.

e Search Direction — This function selects the direction of the search for
the specified reference point along areference line axis.

e Offset — Thisfunction identifies which edge (or midpoint between
consecutive edges) along the length of areference line axisisto be used
asthe basis for calculating shift/rotation compensation values.
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Mode

The mode selects a particular group of edges that a reference line evaluates
when searching for the specified reference point.

When you pick the Mode field in the Define Feature menu, the Feature
Mode menu appears on the screen, as shown in Figure 6.13.

Figure 6.13 The Feature Mode Menu

Feature Mode

mAall Edges
CiMax Ohkject
CMax F.OhJject
CDiMax B.OhJdect

The operation of the four feature modes is described briefly as follows:

1. All Edges— This feature mode causes the reference line to include all
detected “edges’ along its length in its search for the specified reference
point (thisincludes edges and all midpoints between each pair of
consecutive edges, the center of the reference line axis, and the starting
end of the axis).

2. Max Object — This feature mode restricts the search for the specified
reference point to the leading edge and the midpoint of the largest
identified “object” along the length of the reference line axis.

3. Max F. Object — This feature mode restricts the search for the specified
reference point to the leading edge and the midpoint of the largest
identified “foreground object” along the length of the reference line axis.

4. Max B. Object — This feature mode restricts the search for the specified
reference point to the leading edge and the midpoint of the largest
identified “background object” along the length of the reference line
axis.
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All edges— The all edges feature mode enables you to specify areference
point on areference line axis from the following points on the axis:
e All edges detected as aresult of the threshold/filter settings.

e The head of the axis when using the head—to—tail search direction, or the
tail of the axis when using the tail-to—head search direction.

e The midpoints between adjacent pairs of edges.

e The center point between the leading edge and the trailing edge on the
axis.

Figure 6.14 uses the binary gaging mode to illustrate the potential reference

points with the all edges feature mode.

Figure 6.14 Example: All Edges Along a Reference Line Axis

Edge Center Edge

Leading
edge
“ Heagl”\
of axis - \

Midpoints

" Ta_il”
A o s
.ST‘

Trailing
edge

Max Object — The maximum object feature mode enables you to specify a
reference point on areference line axis from the following points on the axis:

e Theleading edge of the maximum-size object along the axis.

e The midpoint between the leading edge and the trailing edge of the
maximum-si ze object.

Figure 6.15 (page 6-17) uses both the binary gaging mode and the gray scale
gaging mode to identify the potential maximum object reference points.

Note in Figure 6.15 that the term “maximum object” has a different meaning
for binary and gray scale gaging modes, as follows:

Binary gaging mode — The maximum object is the one with the greatest
number of consecutive white or black pixels between the first and last
detected edges on the axis. In example (A), above, leftmost object has the
greatest number of consecutive pixels, which are, in this case, black pixels.
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Figure 6.15 Example: Maximum Objects (Binary and Gray Scale)
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Gray scale gaging mode — The maximum object is the one with greatest
number of consecutive pixels (between the first and last detected edges) that
are either lighter than or darker than the adjacent pixels — the pixelson
both sides of the object. In example (B), above, the leftmost object has the
greatest number of consecutive pixelsthat are, in this case, darker than the
adjacent pixels.

Max F. Object — The maximum foreground object feature mode enables
you to specify areference point on areference line axis from the following
points on the axis:

e Theleading edge of the maximum-size object along the axis.

e Themidpoint between the leading edge and the trailing edge of the
maximum-si ze object.
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Figure 6.16 uses both the binary gaging mode and the gray scale gaging
mode to identify the potential maxi mum foreground object reference poaints.

Figure 6.16 Example: Maximum Foreground Objects (Binary and Gray Scale)

[ Binary gaging mode: |

[ Maximum foreground object |

P
Leading
edg
1
Midpoint
[ Gray scale gaging mode: |
[ Maximum foreground object |
/N
Leading Adjacent
edge < ; pixels
Adjacent \ ;
nixels Midpoint

Note in Figure 6.16 that the term “foreground object” has a different
meaning for binary and gray scale gaging modes, as follows:

Binary gaging mode — The maximum foreground object is the one with the
greatest number of consecutive white pixels between the first and last
detected edges on the axis. In example (A), above, the center object hasthe
greatest number of consecutive white pixels.

Gray scale gaging mode — The maximum foreground object is the one with
greatest number of consecutive pixels (between the first and last detected
edges) that are lighter than the adjacent pixels — the pixels on both sides of
the object. In example (B), above, the center object has the greatest number
of consecutive pixelsthat are, in this case, lighter than the adjacent pixels.
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Max B. Object — The maximum background object feature mode enables
you to specify areference point on areference line axis from the following
points on the axis:

e Theleading edge of the maximum-size object along the axis.

e The midpoint between the leading edge and the trailing edge of the
maximum-si ze object.

Figure 6.17 uses both the binary gaging mode and the gray scale gaging
mode to identify the potential maximum background object reference points.

Figure 6.17 Example: Maximum Background Objects (Binary and Gray Scale)
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Notein Figure 6.17 that the term “background object” has a different
meaning for binary and gray scale gaging modes, as follows:

Binary gaging mode — The maximum background object is the one with the
greatest number of consecutive black pixels between the first and last
detected edges on the axis. In example (A), above, the leftmost object has the
greatest number of consecutive black pixels.
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Gray scale gaging mode — The maximum background object is the one with
greatest number of consecutive pixels (between the first and last detected
edges) that are darker than the adjacent pixels — the pixels on both sides of
the object. In example (B), above, the leftmost object has the greatest number
of consecutive pixelsthat are, in this case, darker than the adjacent pixels.

The choice of feature mode should be based upon which one provides the
most reliable reference point for your application. The examplein

Figure 6.18 (page 6-21) illustrates this concept by showing how Max B. Obj
can be used to “track” the maximum object on a workpiece.

In this example, the objective of the inspection application isto measure a
hole in the widest part of the workpiece (the “maximum object”) in a
situation where the workpiece — and thus the maximum object — can
appear in either aleft or right orientation within the image field.

In example (A), the hole appears on the |eft. The reference line correctly
identifies the maximum object and applies shift compensation (if needed) to
the window in order to keep it over the hole.

In example (B), the hole appears on the right. Again, the reference line
correctly identifies the maximum object and applies shift compensation to
the window in order to keep it over the hole.

If the All Edges feature mode had been used in this case, a specific reference
point, such as the leftmost edge, would not have detected the aternating
position of the hole in the image field. Thisis becauseit “sees’ only the
leftmost edge, regardless of the orientation of the workpiece in the image
field.

Direction

The“direction” isthe direction used to search for edges along the length of
the reference line axis. The two available choices are these: Head to Tail
and Tail to Head.

When you pick the Dir menu field (in the Define Feature menu)
successively, it toggles to the opposite direction. Thus, Head to Tail changes
to Tail to Head, and vice versa.

Head to Tail causes the edge search to begin at the “head” (X1, Y1) of the
reference line axis; Tail to Head causes the edge search to begin at the “tail .”
For X—axis reference lines, the head is, by default, at the left end; for Y—axis
reference lines, the head is, by default, at the upper end. The head and tail
positions, however, can be reversed using the pick and place function.

The choice of search direction should be based upon which one |eads most
directly to the specified reference point. Normally, the best search direction is
the onein which afalse edgeisleast likely to be encountered.
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Figure 6.18 Example: Using Maximum Object to Track Part of Workpiece
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Offset

The “offset” function enables you to identify one point along each reference
line axis as the specified feature to provide shift and/or rotation
compensation to the associated inspection tools.

The current feature location is identified on the screen by a“+” symbol. You
can change the offset location by picking the Offset menu field successively.

When you pick the Offset menu field successively, the feature marker (+)
moves along the reference line axis in the selected search direction. The
starting offset location is always labeled “fixed.” The next offset location is
aways labeled “ center.”

The remaining offset locations, when All Edges is the selected define feature
mode, are numbered as follows. edge #1. 1.0; midpoint #1, 1.5; edge #2, 2.0;
midpoint #2, 2.5, and so on, until the last midpoint location is reached. After
that, the offset marker returns to the starting location (“fixed") and the cycle
begins again. Figure 6.14 (page 6-16) illustrates the offset locations for the
All Edges mode.

Nominal (“Learn”) Function

When the Nominal field in the reference line tool edit panel is picked, it
causes the currently selected and configured reference line tool to store the
“nominal” position of the X—and Y —axis coordinate data, as well as angular
data, and to display that datain the Nominal field. In order to use this
feature, however, you must first configure the reference line tool completely.

When you pick the Nominal field, the “learned” data appearing in the
Nominal field indicates, from left to right, an X—axis coordinate, a Y —axis
coordinate, and an angle (0).

NOTE: If the warning message shown in Figure 6.19 appears after you pick
the Nominal field, it indicates a problem with some aspect of the feature
configuration. Pick the button to exit this message.

Figure 6.19 Warning Message: One or More Features Not Found

System Warning 4896

One or more features could not he found.

o
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If one axisisused (X only or Y only), the “learned” X and Y coordinates
appearing in the Nominal field identify the location of the reference feature.
The angle (0) is always 0.000.

If two axesare used (X then'Y or Y then X), the“learned” X and Y
coordinates appearing in the Nominal field identify the location of the
intersection of ahorizontal line drawn through the Y —axis reference feature
and a vertical line drawn through the X—axis reference feature. The angle (6)
isaways 0.000. Figure 6.20 illustrates the intersection of the two lines.

Figure 6.20 Example: “Learned” Coordinates With Two—Axis Reference Line

o)l B
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-
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If three axesareused (X', X thenY or Y’, Y then X), the“learned” X and Y
coordinates appearing in the Nominal field identify the location of the
intersection of aline drawn through the two X—axis reference features (for
X", X then Y)) and a second line drawn through the Y —axis reference feature
and perpendicular to thefirst line. Figure 6.21 (A) on page 6-24 illustrates
the right angle intersection of the two lines.

The “learned” angle (0) in the Nominal field indicates the clockwise rotation
of aline drawn through the two X—axis reference features (again, for X', X
then Y in this case) relative to the 0° axis of the image field. Figure 6.21 (B)
on page 6-24 illustrates the how the rotation angle is determined. Note that
this result is true when the X axis lies closer to the intersection than the X’
axis. If the positions of these two axes were reversed, the angle (6) would be
180° clockwise from the 72.9° in this example, or 252.9°.
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Figure 6.21 Example: “Learned” Coordinates With Three-Axis Reference Line
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Reference Line Tool This section discusses the expanded inspection results that are available to a
|nspection Results and math tool formula from areference line tool. As Figure 6.22 shows, the
Math Tool Formulas expanded inspection results for areference line tool appear in one list.

Figure 6.22 Expanded Results Lists For Reference Line Tools in Math Formulas

Execute
Pass
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Fail
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AX

AY
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Xc

Yc

Hereisabrief definition and explanation of each of the expanded result
typeslisted in Figure 6.22.

Execute — Thisreturns a 1.000 when the tool has executed its inspection
task, and 0.000 for al other conditions.

Pass — This returns an 1.000 when the tool has passed its inspection
task, and 0.000 for all other conditions.

Warn — For reference tools, Warn aways returns 0.000.

Fail — Thisreturnsa“error code” when the tool isin afail condition and
0.000 for all other conditions. The error code identifies a specific reason
for the failure; for example, error code 1038.000 identifies “ One or more
features could not be found” as the cause of the inspection failure. The
complete list of error codes and fail conditions appearsin Appendix A of
this manual.

Total — Thisreturns the total number of inspections performed.
Faults — Thisreturns the total number of faults detected.

X — Thisreturns the current X coordinate of the principal reference
point, asfollows:

— For one—axis operations (X only and Y only), it isthe X coordinate of
the single reference feature.

— For two—axis operations (X then Y and Y then X), itisthe X
coordinate of the intersection of horizontal and vertical lines drawn
through the two reference features, as shown in Figure 6.20 (page
6-23).
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— For three—axis operations (X’, X then Y and Y’, Y then X), itisthe X
coordinate of the intersection of lines drawn through the three
reference features, as shown in Figure 6.21 (page 6-24).

e Y —Thisreturnsthe current Y coordinate of the principal reference
point, as follows:

— For one—axis operations (X only and Y only), itisthe Y coordinate of
the single reference feature.

— For two—axis operations (X then Y and Y then X), itistheY
coordinate of the intersection of horizontal and vertical lines drawn
through the two reference features, as shown in Figure 6.20 (page
6-23).

— For three—axis operations (X’, X then Y and Y’, Y then X), itisthe Y

coordinate of the intersection of lines drawn through the three
reference features, as shown in Figure 6.21 (page 6-24).

e Theta— When athree—axis reference line tool is used, this returns the
current value of the rotation angle, in degrees, between aline connecting
the reference featureson the X and X’ (or Y and Y’) and the 0° X—axis of
the image field. When a one- or two—axis reference line tool is used,
Theta always returns 0.000.

e AX — Thisreturns the change from the nominal or “learned” X
coordinate of the principal reference paint.

e AY — Thisreturns the change from the nominal or “learned” Y
coordinate of the principal reference paint.

e ATheta— Thisreturns the change from the nominal or “learned” value
of the rotation angle, in degrees, when athree—axis reference line tool is
used. When a one- or two—axis reference linetool is used, ATheta always
returns 0.000.

e Xc— Thisreturnsthe sasmevalueas X.
e Yc—Thisreturnsthe samevaueasY.

Reference Window Tool This section discusses the reference window tool and the shift and rotation
compensation that it can provide to other tools.

Reference Window Tool: Basic Elements

A reference window tool consists of a number of basic elements, which are
described briefly asfollows:

Reference window tool — This term refers to the whole reference window
tool; that is, each instance of “Ref. Window” in the toolset edit panel. Each
reference window tool consists of two separately configurable “features,”
Feature A and Feature B.
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Feature window — This window defines a small portion of the image field
that contains a unique workpiece feature. The “feature image” is stored in
memory during configuration, and it isthe “template” that the reference
window tool uses when it searches for a matching feature on aworkpiece.

Search window — This window defines the portion of the image field within
which the smaller feature window searches for a particular workpiece feature.

When one feature is enabled, the reference window tool can provide only
shift compensation; when two features are enabled, the tool can provide shift
and rotation compensation.

Reference Window Tool Edit Panel

Once you have added a reference window tool to the toolset edit panel, you
can configure it for an inspection application by picking the Ref. Window
field in the panel. When you do, the reference window tool edit panel
appears, as shown by the examplein Figure 6.23.

Figure 6.23 Example: Selecting the Reference Window Tool Edit Panel
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Overview: Reference
Window Tool Configuration

628

The reference window edit panel (named “Edit Toolset 1.Tool 2” in
Figure 6.23) contains severa fields and buttons, which are described briefly,
asfollows:

e Active Feature— Thisfield selects either Feature A or Feature B as
the “active feature” to be configured. When you pick thisfield, Feature
A togglesto Feature B, or vice versa.

e |Image Name — Thisfield identifies the name of the currently selected
feature image (or “No Image,” if noneis selected). When you pick this
field, the Image Manager panel appears, which is used to save or select
an image file for the feature window.

e Passes— Thisfield selects either Single Pass or Double Pass, which
is the number of passes the feature window makes through the search
window. When you toggle thisfield, Single Pass toggles to Double
Pass, or vice versa.

e Nominal — When you pick thisfield, the currently selected and
configured reference window tool stores the current part position, to be
used during inspection to compute the workpiece's offset from the
“nomina” position.

e Pass1— The I==2 button selects the First Pass panel, from which
you can select the parameters that the feature window uses to scan the
search window on the first (or only) pass.

e Pass2 — The [EE= button selects the Second Pass panel, from
which you can select the parameters that the feature uses to scan the
search window on the second pass.

e P& P — The [l button provides access to the “ pick and place” function
for the current search window.

e Done— The IEE button saves the currently selected configuration
settings for this feature, then exits the tool edit panel and returns to the
toolset edit panel.

The remainder of the reference window tool section discusses the
configuration process from the perspective of the fields and buttonsin the
tool edit panel.

A reference window tool can be selected when the tool set edit panel ison the
screen. Starting from the main menu bar, the selection path to this panel is as
follows. Editors — Configuration — Setup — Tools. This selection path
is shown by the example in Chapter 7, Inspection Tools, Figure 7.2 (page
7-3).

Hereis asummary of the basic selection and configuration steps for a
reference window tool, listed in their normal order of performance.

1. Select active feature — select one of the two “active features.”
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Save featureimage:

a. “Pick and place” — position the feature window over the
appropriate feature on the workpiece image.

b. Select featureimage compression parameters

c. Specify file name — use the Image Manager to enter a device code
and feature name, then store the feature image in afile on the
selected device.

Configure search window:

a. “Pick and place” — position the search window over the
appropriate part of the workpiece image.

b. Select number of passes — select the number of passes (one or
two) that the feature window will make through the search
window.

c. Select “pass’ parameters— select the appropriate masking,
scaling, and other parameters for each * pass.”

Repeat Steps 1 — 3 for a second feature, if required.

L earn nominal values — perform a“learn” operation to “learn” and
store the “nominal” values — the data that indicate the workpiece's
initial position.

This section discusses the configuration steps that are accessed from the
fields and buttons in the exampl e reference window tool edit panel shown in
Figure 6.24. Note that most of these fields and buttons are inactive (shaded)
until the appropriate points are reached in the configuration process.

Figure 6.24 Example: Reference Window Tool Edit Panel

Edit "Toolset 1.Tool 2"
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Active Feature Selection

For the purposes of this discussion, the configuration process begins with the
selection of the “active feature”; that is, Feature A or Feature B. The
selected feature is “active” for the purposes of configuration.

Feature Image Configuration

The next step is the configuration and selection of afeature image (or no
image, which disables the feature). A feature imageis a“template,” stored in
afile, that the reference window tool uses to locate a specific feature in the
search window. This step is initiated when you pick the Image Name field
in the reference window tool edit panel (see Figure 6.24).

Selecting |mage M anager Panel

When you pick the Image Name field in the tool edit panel, the Image
Manager panel appears, as shown in Figure 6.25.

Figure 6.25 Selecting Image Manager Panel

Image Manager

s i Method

Lother
i @] gfaEEiine
ossless

Default Device
Quantization
Fredictoxr

r- Foint Xform

The function of the Image Manager panel is to provide a number of choices
for compressing and storing images. (This panel is discussed in detail in
Chapter 4, Inspection Configuration, under the Image Manager Panel
heading on page 4-40.)

Asit is used with reference windows, the Image Manager pandl is restricted
to compressing and storing subimages only. Also, the “Lossless” (default)
compression method is normally used since reference window feature images
are usualy quite small, and compressing them further does not save a
significant amount of memory. Furthermore, any loss of feature image data
(that would result from using the “Baseline” compression method) may
make the operation of the reference window less reliable. Finaly, the
Predictor and Point Xform selections should remain at their default values
of 4 and O, respectively.
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NOTE: Predictor and Point Xform areincluded in the Image Manager
panel mainly to enable image data interchange with other systems. For
technical information about these selections, refer to the JPEG (Joint
Photographic Experts Group) specification for “Digital compression and
coding of continuous-tone still image,” 1SO/IEC DIS 10918-1.

Thus, for the purpose of configuring a reference window tool, the Image
Manager panel is used to configure the appropriate feature image and to
store that feature image in alossless compressed file (in most cases).

Saving Feature Image

The Image Manager provides a*“pick and place” function to set the position
and size of the feature window. To configure the feature image, pick the
button, then position the feature window over an appropriately unique
feature in the workpiece image and set window’s size, asillustrated by the
examplein Figure 6.26.

Figure 6.26 Example: Positioning the Feature Window Over Workpiece Feature

Environment #iis Editors Secnvity  Hesouvoss

Toolset 1

Tocis Bisviay  Bons

Feature window

Before saving the feature image, check the Default Device field. Initially,
the default deviceis“MC,” which isthe memory card. If you expect to save
al (or most) feature image filesin this device, leave it as“MC.” If, however,
you want to use another device, you can change the default device by picking
the Default Device field and selecting another device from the Devices
selection panel.
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To save afeature image, pick the Bl button. When you do, the keyboard
panel appears with thisinstruction in the title bar:

Enter a file name. Default device is MC:.

To store an image file in the default device, enter afilenamesuch as. . .

featurel

To store an image in a different device, enter the device name, a colon, and a
filename, such as. . .

EE:featurel

In al cases, after entering the appropriate image name in the keyboard panel,
pick the IEXZE key. When you do, the CVIM2 system begins saving the
subimage and displays this message:

Saving Image
Please Wait

When the CVIM2 system finishes saving the image, it displays this message:

Done saving image
Compression ratio 2:1

The compression ratio value appearing in the message is truncated; thus, 2:1
could actually be 2.9:1. Also, the actual compression ratio value varies with
the details in the feature image, but in any case it cannot exceed the
theoretical limit of 4:1 (for lossless compression).

After two or three seconds, the “Done” message disappears and the Image
Manager panel reappears. Pick the IS button to exit back to the tool edit
panel.

When the tool edit panel reappears, as shown in Figure 6.27, note that the
new feature image name now appears in the Image Name field, and all of
the fields and buttons are now active.

Figure 6.27 Example: Tool Edit Panel After Configuring and Selecting a Feature Image

Edit "Toolset 1.Tool 2

Active Feature Feature A
Image Hame MC:featurel
Passes Doukle FPass
Hominal a, a.a*
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NOTE: TheEE: and/or MC: devices may be useful for saving subimages
while testing reference window tools. However, when testing is compl eted,
transferring those subimages to the V1: or V2: devices will release spacein
the EE: device, or allow removal of the MC: device.

Search Window Configuration

The next step in the configuration processis to “pick and place” the search
window over the appropriate portion of the imagefield. Thisisthe areain
which the feature window will search for the feature image during setup and
online operations. Generally, the window should be only aslarge as
necessary to include the anticipated workpiece position changes within the
image field, since the larger the search window, the longer the search time.

To activate the search window’s pick and place function, pick the I
button. Then, position the search window over the appropriate search areain
the workpiece image and set the window’s size, asillustrated by the example
in Figure 6.28. Pick the [IEZ button in the Pick & Place panel to exit back
to the tool edit panel.

Figure 6.28 Example: Positioning the Search Window in Image Field

Enviromment Fiile Editors Secowity Hesouvoss
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Single Pass vs Double Pass

You can configure a reference window tool so that the feature window makes
either one or two “passes’ through the search window. In most cases, two
passes are more efficient than one pass: The first pass locates the feature
approximately, after which the second pass |ocates the feature more precisely,
but with asmaller region to search.

The choice of Single Pass or Double Pass depends the details of your
application; thus, some trial and observation may be required in order to
determine which choice is the most effective and efficient.

To select Double Pass when Single Pass is showing (or vice versa), pick
the Passes field to toggle to the other choice. (Note that Double Pass is
the default selection. When you toggle to Single Pass, the IEZ3 button
becomes shaded, indicating that it isinactive.)

First Pass Configuration

When you pick the [IEES=E button, the First Pass configuration panel
appears on the display, asillustrated in Figure 6.29. (Also appearing are the
feature and search windows with their images altered according to the default
parameter settingsin the First Pass panel. These are explained in the
masking and scaling sections.)

Figure 6.29 Example: First Pass Configuration Panel
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The First Pass panel contains several selection fields, data entry fields, and
buttons, which are described briefly, as follows:

e Masking — Thisfield selects Enabled or Disabled for the masking
function. The default is Disabled.

e Stop When — Thisfield selects either the “Best” or the “First” match of
the feature in the search window to the stored feature image in the feature
window. The default is “Best.”

e X Scale— Thisfield selects the scaling ratio for pixels along the X—axis
in the feature and search windows. The default is 1:4.

e Y Scale— Thisfield selects the scaling ratio for pixels along the Y—axis
in the feature and search windows. The default is 1:4.

e ScaleTo— Thisfield selects either the “Nearest Neighbor” or the
“Neighborhood Average” asthe basis for the scaling function. The
default is“Neighborhood Average.”

e Ignore £=Pixel Errors— Thisfield is used to adjust the sensitivity of the
reference window tool. It determines how closely the template must
match the image on aper pixel basis. The default value is 10.

e Max. RMS +=Pixel Errors— Thisfield determines the average
acceptable deviation between the template and image. The default valueis
64.

e DefineMask — The button activates the Threshold/Filter
function, which is used to “define” the mask on the feature image.

e Done— The lE=ZZl button saves the currently selected configuration
settings for the First Pass function, then exits the First Pass panel and
returns to the tool edit panel.

Masking Function

The masking function can be used to “mask” edge pixels within the feature
image or “template” when those pixels are not only unnecessary for
template—-matching purposes, but create errors large enough to cause the
reference window tool to fail.

In general, masking is likely to be needed whenever afeature image contains
many edge pixels relative to the number of pixelsin the feature image (area).
These edge pixels may yield large matching errors when the imageis
compared to a corresponding image in the search window, and the reference
window tool may fail because of the matching errors along the edges.

Figure 6.30 (page 6-36) provides two examples to illustrate when masking is
needed (A) and when it may not be needed (B).

In example (A), the feature image contains many sharply defined edges. The
edge pixelsin thisimage can cause large matching errors, and the tool may
fail. With masking enabled, however, the edges of the feature image can be
ignored, and the likelihood of a match increased accordingly.

6-35
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 6

Reference Tools

In example (B), the feature image contains fewer sharply defined edges. The
edge pixelsin thisimage will cause minimal matching errors, usually not
enough to require masking. In this case, masking can be disabled.

Figure 6.30 Examples: Masking Needed vs Masking Not Needed

Masking needed Masking not needed

Feature
image

Note in Figure 6.29 (page 6-34) that masking is disabled by default. When
masking is enabled, the button becomes active. When you pick
the button, the Thresh/Filter adjustment panel appears, as shown
in Figure 6.31.

Figure 6.31 Threshold/Filter Adjustment Panel for Masking Function

Thresh”Filter

High [ 255 |
-
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This panel contains a pair of threshold adjustment cursors and two
morphology buttons, E==3E and ==X, which are used to create the
mask.

The cursors adjust the high and low masking thresholds, and the default
threshold settings are 255 and 128, respectively. The morphology buttons
access two stages of morphology operations, and the default morphol ogy
selections are “MAX-MIN” for Morph 1 and “Identity” for Morph 2. If no
changes are made, these default settings will be used.

NOTE: The default morphology selections should not be altered except for
more advanced masking applications. For more information about
morphology functions, refer to Chapter 8, Thresholds, Filters, and
Morphology.

The combined effect of the default morphology settingsis to identify areas of
high contrast. These “edge” areas are then used as amask (and are shown in
green), and they are thus ignored during template matching operations.

During reference window operation, as the feature window searches for a
match in the search window, it ignores the masked pixels in the feature image
and uses only the non—green (that is, gray scale) pixels as the template.

The function of the threshold adjustments is to determine how strong an edge
pixel must be to be masked.

Figure 6.32 illustrates adjusting the masking threshold on the feature image
shown in Figure 6.30 (A). Note that when the IRl button is picked,
this image appears in the upper— eft corner of the screen display
superimposed on the search window image, asillustrated earlier in

Figure 6.29 (page 6-34).

In Figure 6.32 (A), with the low threshold set to the default value of 128, the
mask (green areas) appears somewhat larger than required to cover the edge
pixels. When the low threshold is set to 160 (in this example), the mask is
reduced so that it covers only the edge pixels.

Figure 6.32 Threshold Adjustment to Optimize Masking Effect

Masking: low threshold = 128 Masking: low threshold = 160
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Stop When Selection

The “Stop When” selection field enables you to select either “First
Feature(s)” or “Best Feature(s)” asthe basisfor deciding when atemplate
match has occurred and the feature window can stop searching. Since the
feature window scans the search window in aleft—to—right, top—to—bottom
pattern, “First” causes the search to stop when the feature window finds the
first template match that satisfies the parameter selectionsin the First Pass
panel. “Best” causes the feature window to scan the entire search window
and to select the best template match (which may aso be the first when there
isonly one match).

Figure 6.33 (page 6-39) illustrates the difference between First and Best. In
Figure 6.33 (A), the feature window is shown in position over the original
feature image (note that the X and Y coordinates are 293 and 198). In (B),
the search window is shown in position over the search area

In (C), with the reference window tool in operation and First Features(s)
selected, the feature window finds the first feature in the upper—left corner of
the search window (it qualifies as a match according to the current parameter
settingsin the First Pass panel). This, however, is not the desired feature
(the X and Y coordinates are 141 and 193), and the RMS error is 18.915.

In (D), with Best Feature(s) selected, the feature window finds the best
feature at almost exactly the location of the original feature window. In this
case, the X and Y coordinates are 293 and 197, and the RM S error is 4.013,
which is a better match.

“Best” will require more time, since the feature window must always search
the entire search window, but it will usually give you better positional
accuracy, and it will also provide a true measure of the “worst case”
inspection cycletime.

NOTE: During configuration, “Best” can be useful to find the “RMS
Error” value for the best match, and to use that value as the basis for
determining the appropriate “Max. RMS +Pixel Error” setting. Thisis
discussed later in the Pixels Error Parameter Selections section.
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Figure 6.33 Examples: Comparing First Feature Image With Best Feature Image

Feature window

(original position)\

Pick & Place

I 293
i 198
H

Sear ch window.

First feature location

Feature Locations

Rank Location RME Error
. . 1 141, 193 18.915

Best feature location w

. oo
@0 e

Feature Locations

Rank Location RME Erroxr
1 293, 197 4,813

6-39
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 6

Reference Tools

X Scale, Y Scale Selections

The X Scale and Y Scale “compression” ratio selections, shownin
Figure 6.34, determine the ratio of pixel averaging or “compression” to be
used on the images in the feature and search windows.

Figure 6.34 X Scale and Y Scale Ratio Selections

The scaling trade—offs are these: The higher the numeric ratio, the lower the
image resolution but the faster the search. Conversely, the lower the numeric
ratio, the higher the image resolution, but the slower the search.

AsFigure 6.34 shows, the scaling ratios are 1:1, 1:2, 1:4 (default), and 1:8.
The concept isthis: For al:x ratio, x pixels are replaced with one pixel
whose gray scale value equals the average gray scale value of the x pixels.

Figure 6.35 (page 6-41) illustrates this concept using the 1:4 ratio for both X
Scale and Y Scale. With the 1:4 scaling ratio selected, the 16 gray scale
values of each 4-by—4 block of pixels are averaged (“compressed”) to one
gray scale value in one pixel.

Figure 6.35 shows four such 4-by—4 blocks of pixels: A, B, C, and D. Thus,
block (A) is compressed to asingle “pixel” (A*) whose gray valueis 41,
block (B) is compressed to asingle “pixel” (B’) whose gray valueis 33, and
SO on.

This*“compression” applies to the images in both the feature window and the
search window. The result is that since both images have fewer pixels, the
effectively smaller feature window requires less time to search the effectively
smaller search window.

In some applications, an asymmetrical scaling selection may be appropriate.
In such cases, high resolution (1:1 ratio) may be required on one axisin order
to avoid loss of necessary detail, but low resolution (such as 1:4 or 1:8) may
be acceptable on the other axis because details are not present or are not
important for template-matching purposes.
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Figure 6.35 Example: Pixel Averaging Using X and Y Scaling at 1:4 Ratio

4511 38| 41| 29| 28| 30 | 27 | 28

43 | 47| 4| 321 31| 30| 32| 33

44 | 47 | 46 | 351 36 | 35| 37 | 36

46 | 48 | 47| 34 ] 38 | 39| 40 | 39

47 | 49| 49| 38| 35| 40 | 41| 42

49 | 51 | 52 | 40| 43| 43| 52 | 54

52 | 53 [ 55 56 | 57 | 61 | 64 | 71

61 | 62| 64 | 65| 69 [ 72 | 78 | 81

666 + 16 =41.625 539 + 16 =33.6875

843 + 16=52.6875| 903 + 16 =56.4375
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Figure 6.36 illustrates using high resolution on the X—axis and low resolution
(1:8) on the Y—axis. The feature in this example is a multi—pin connector, and
the objective of the reference window tool isto locate and track the lower
portions of the leftmost two pins.

Figure 6.36 Examples: Using Asymmetrical X and Y Scaling Ratios

MR

X Scale=1:1,Y Scale=1:1 X Scale=1:1,Y Scale=1:8

The figure shows how the feature and search images appear using 1:1 scaling
on both axesin (A), and using 1:1 on the X—axis and 1:8 on the Y—axisin
(B). Notice that the horizontal resolution in (B) isthe same asin (A); and,
athough the vertical resolution has been changed, that change has no effect
on accuracy in this example.

The major difference isin the inspection cycletime: Using 1:1 on both axes

requires 725ms for each inspection cycle, while using 1.1 on the X—axis and
1:8 on the Y—axis requires only 70ms — one-tenth as much time.
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Scale To Selections

The Nearest Neighbor and Neighborhood Average “scale to” selections,
shown in Figure 6.37, have no effect when the X scaleand Y scale selections
are both 1:1 — they are applicable only when the X scale and/or Y scale
selections are other than 1:1.

Figure 6.37 Scale To Selections

Scale To
COMearest Heighbor
@M Meighkhorhood Average

Neighborhood Average — This is the default selection. The template match
is based on the average gray value of the scaled neighborhood.

Nearest Neighbor — The template match is based on picking the value of the
pixel that isin the upper—eft corner of ablock of pixels, such as“45” in
block “A” of Figure 6.35 (page 6-41). (In this case, “nearest neighbor”
would result in asingle pixel with a gray scale value of 45.) Nearest neighbor
is asomewhat faster approximation for template matching purposes than
neighborhood average, but gives aless accurate approximation of the image.

Pixel Error Parameter Selections

The Ignore £=Pixel Errors << and Max. RMS +-Pixel Error parameters
determine, for the purposes of template matching, the extent to which the
gray values of the pixels in the search image are permitted to deviate from
the gray values of the pixelsin the feature image and still achieve a
successful template match.

Ignore £=Pixel Errors << — This parameter sets the value at (or below)
which pixel gray value mismatches (“pixel errors’) areignored during the
search operation. The default setting is 10.

Theterm “error” refersto any difference between the gray value of apixel in
the feature image and the gray value of the corresponding pixel in the search
image. For example, if the gray value of a particular feature image pixel were
20 and the corresponding search image pixel were 25, the error would be 5.
With the “Ignore” setting at the default value (10), the reference window
would ignore this error. If, however, the corresponding search image pixel
were 31, the error would be 11, and the reference window would recognize
that error.
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In atypical system, small gray value variations or “dithering” may be present
from the following sources:

e Thermal “noise” in the camera system.
e Fluctuationsin the lighting used.

e Theuseof “baseling” compression when the feature image is stored (the
decompressed image used during the search operation may not match the
original image exactly).

e \Variationsin part position.
e Variations from part to part.

The“Ignore” parameter can be adjusted so that the reference window will
ignore these variations and will recognize as errors only those variations
resulting from actual feature mismatches.

In general, you should set the “Ignore” parameter as low as possible,
consistent with the expected variations resulting from dither and other system
causes.

Max. RMS £Pixel Error — This parameter sets the maximum RMS (root
mean sguare) error that is acceptable for the purpose of template matching.

During a search operation, the reference window cal cul ates the difference
between the gray value of each pixel in the feature image and the gray value
of each corresponding pixel in the search image. Each differencethat is
higher than the “Ignore” parameter is squared, and all of the squared
differences are then summed for a given feature position. The sum of these
squares is divided by the number of pixelsin the feature image, and the
square root of that value is then calculated. The square root isthe RMS error
for a particular point in the search operation. A “match” will occur only if the
RMS error is at or below the “Max. RMS” parameter.

The reason for using the RM'S method of processing pixel errorsisthat it
more closely approximates the kind of template matching that a human
observer would perform. As one example, if each of the four pixelsin a
2—by-2 feature image had a difference of exactly 1 with each corresponding
search image pixel, the RMS error would be 1. As another example, if the
feature image had differences of 0 on three pixels, and 4 on the fourth pixel,
the RMS error would be 2.

To ahuman observer, the first example would be a closer match than the
second. Generally, alarge number of small differences yields a good match,
and asmall number of large differences yields a bad match. Asthese
examplesindicate, using the RM S imposes a higher penalty on large pixel
errors than on small pixel errors.
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Figure 6.38 provides three examplesto illustrate the results of RMS
calculations. In these examples, the feature image is shown at three different
points in the search image during a search operation. The gray values are
shown for each pixel in the feature and search images.

Figure 6.38 Examples: Three RMS Calculations During Search Operation

“Ignore” setting=8

5 Search image “Max. RMS’ setting = 10
Featureimage . ’_47_ L 47 49 38
- A R Sum of squared
- - /'
| =502
55 %1—] 49 [ 51 | 52 | 40 Sg;rirz .
6471 éé’ ] Squareroot of
52 53 55 o6 1255=11.2 RMS
Since 11.2 > 10,
61 | 62| 64 | 65 No match occurs
Featureimage Search image
47 | 49| 49 | 38
35 56 Sum of squared
— errors=221
I 51 52 40
64 | 65 4&\ 221 + 4=5525
Squareroot of
52 53 55 56 55.25=743RMS
Since 7.43 < 10,
61 | 62 | 64 | 65 An acceptable
match occurs
. Search image
Featureimage
47 | 49 | 49 | 38
55 | 56 Sum of squared
— errors=0
64 65 49 51 52 40 0+4=0
Squareroot of
52 | 5385 | 56 rero
Since0< 10,
61 | 62 ] 64 | 65 Perfect match occurs
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In example (A), the difference between 55 and 47 is 8. Since this pixel error
isequal to the “Ignore” parameter, it isignored. For the remaining pixels,
the differences are 9, 15, and 14, respectively. Since al of these pixel errors
are higher than 8, they are recognized. The squares are 81, 225, and 196, and
the sum of these squaresis 502. Since the feature image contains four pixels,
502 =+ 4 =125.5. The square root of 125.5 is 11.2, which exceeds the “Max.
RMS” parameter. Thus, at this point in the search operation, a match does
not occur.

Example (B) illustrates an acceptable match, since the calculated RMSisless
than the “Max. RMS” parameter. Example (C) illustrates a perfect match,
with the calculated RM S at 0.0.

Starting with the “Max. RMS” parameter set to the default value (64), one
method for determining the most appropriate RM S parameter value for your
application isto select “Best” in the “Stop When” selection field and then
perform aNominal or “learn” operation as described in the Nominal

(* Learn”) Function section. Thiswill calculate the RM S value for the best
template match.

The “Max. RMS” parameter value should be set slightly higher, initialy,
than the “Best” calculated value, and tool operation should be evaluated
using this value. Thefinal value, however, should be the one that provides
the most reliable template matching under the operating conditions of your
application. This means, ideally, that the reference window should always
find the correct feature when it isin the search window, and should never
falsely identify a different feature.

Second Pass Configuration

When you pick the button in the reference window tool edit panel,
the Second Pass configuration panel appears on the display, asillustrated
in Figure 6.39. (Also appearing are the feature and search images.)

Figure 6.39 Example: Second Pass Configuration Panel

Second Pass

Stop Hhen

Masking
mDisakled mBest Feature(s) £ Max.Error
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Note that the Second Pass panel is a scaled down version of the First Pass
panel. It has only the Masking and Stop When selection fields and the
“Ignore” and “Max. RMS” pixel error parameter entry fields. X and Y
scaling isfixed at the 1:1 ratio. The same defaults are used. For information
about these parameters, refer to the First Pass Configuration section.

When Double Pass is enabled (default), the second pass operates on the
results created by the first pass operation. The principal advantage of using
two passes is the achievement of high resolution in coordinate and angle
results without the significant speed penalty that usually occurs when using
one pass with high resolution scaling (1:1) for X and Y axis scaling.

During the second pass, the feature window searches only in the part of the
search window in which the first pass located a feature — it does not search
the whole search window — thereby saving considerable time in many cases.

Table 6.2 demonstrates the speed difference for one feature (A or B) using
the same feature image and search image for single pass and double pass.
These results are derived from an actual setup in which the “pick and place”
coordinates of the feature image were 120 and 143 for the X—axis and
Y—axis, respectively.

Table 6.2 Example: Comparison of Single Pass and Double Pass Performance

. . . Coordinates Timefor Timefor
Operation Scaling Masking (X, Y) “Beg” “Eirg”
Single Pass 1:1for X and Y axes Enabled 120, 143 1980ms 350ms

Double Pass 1:8for X and Y axes |  Enabled 119, 139 Not used 10ms
First Pass

Double Pass: I:1for X and Y axes

Second Pass (ot user selectable) Enabled 120, 143 28ms Not used

Note that when using single pass with high resolution scaling (1:1 for X and
Y axes), the coordinates were located at 120 and 143, the original locations,
but the processing times were quite long: 350ms for “First,” and 1980ms
(almost two seconds) for “Best.”

However, when using a double pass with low resolution scaling (1:8 for X—
and Y—axes), the first pass requires only 10ms to locate the feature
approximately, and the second pass requires only an additional 28msto
locate the feature more precisely. Note that in this exampl e the coordinates of
the located feature are the same as in the original feature image: 120 and
143. Thetotal timeis 38ms for the double pass operation vs at least 350ms
for the single pass operation.

NOTE: If you are using areference window for rotation compensation,
return to page 6-30 and repeat the configuration process for Feature B.
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Nominal (“Learn”) Function

As noted on page 6-28, the Nominal field in the reference window tool edit
panel, when picked, causes the currently selected and configured reference
window tool to store the “nominal” position of the X and Y coordinate data,
aswell as angular data, and to display that datain the Nominal field.
Additional data appearsin aFeature Locations panel.

When you pick the Nominal field, the Feature Locations panel appears on
the display, and the feature and search windows lie over the image, as shown
in Figure 6.40.

If one featureis active (Feature A or Feature B), the X and Y coordinates
(under the Location heading in the Feature Locations panel) identify the
location of the upper—eft corner of the single feature window.

If two features are active (Feature A and Feature B), the X and Y coordinates
identify the location of the midpoint on aline connecting the upper—l eft
corners of the two feature windows. Figure 6.40 illustrates the appearance of
the Feature Locations panel when both features (A and B) are active.

Figure 6.40 Example: Feature Locations Panel

Feature A Feature A
sear ch window feature window
/ r}
/ Feature Locations

2 141, 269 6.631

FeatureB Feature B
feature window sear ch window

The three columnsin the Feature Locations panel are defined as follows:

e Rank — Thisidentifies the feature as follows. When only one feature (A
or B) isused, it always appears as rank 1. When both features (A and B)
are used, rank 1 pertains to Feature A and rank 2 pertainsto Feature B.
(The currently highlighted feature in the panel corresponds to the green
feature window in the image field.)

e | ocation — Thisidentifiesthe X and Y coordinates of the upper— eft
corner of each feature window.

e RMSError — Thisdisplaysthe calculated RMS (root mean square)
error for each feature (refer to the Pixel Error Parameter Selections
section on page 6-43 for details about RM S error calculations).
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When you pick the button to exit the Feature Locations panel, the
“learned” data appear in the Nominal field and indicate, from left to right, an
X coordinate, aY coordinate, and an angle (6).

NOTE: If thewarning message shown in Figure 6.41 appears after you pick
the Nominal field, it indicates a problem with some aspect of the feature
configuration. Pick the button to exit this message.

Figure 6.41 Warning Message: One or More Features Not Found

System Warning <4696

One or more features could not he found.

=

If one feature is active (Feature A or Feature B), the “learned” X and Y
coordinates in the Nominal field identify the location of the center of the
single feature window. Since no angular measurement is involved in this
case, the angle (0) is always 0.0°.

If two features are active (Feature A and Feature B), the “learned” X and Y
coordinatesin the Nominal field identify the location of the midpoint on a
line connecting the centers of the two feature windows. The angle (6)
indicates the relation of that line to the X—axis of the image field.
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Reference Window Tool This section discusses the expanded inspection results that are availableto a
|nspection Results and math tool formula from areference window tool. As Figure 6.42 shows, the
Math Tool Formulas expanded inspection results for a reference window tool appear in one list.

Figure 6.42 Expanded Results Lists For Reference Window Tools in Math Formulas

Execute
Pass
Warn
Fail
Total
Faults
X

Y
Theta
AX

AY
ATheta
Xc

Yc

Hereisabrief definition and explanation of each of the expanded result
typeslisted in Figure 6.42.

e Execute— Thisreturns a 1.000 when the tool has executed its inspection
task, and 0.000 for all other conditions.

e Pass— Thisreturns a 1.000 when the tool has passed its inspection task,
and 0.000 for all other conditions.

e Warn — For reference tools, Warn always returns 0.000.

e Fail — Thisreturnsan “error code” when thetool isin afail condition
and 0.000 for all other conditions. The error code identifies a specific
reason for the failure; for example, error code 1038.000 identifies “One
or more features could not be found” as the cause of the inspection
failure. The complete list of error codes and fail conditions appearsin
Appendix A of this manual.

e Total — Thisreturns the total number of inspections performed.
e Faults— Thisreturnsthe total number of faults detected.

e X — Thisreturns the nominal or “learned” X coordinate of the center of
the feature when one feature is used, or the midpoint between the centers
of the two features when two features are used.

e Y — Thisreturnsthe nominal or “learned” Y coordinate of the center of
the feature when one feature is used, or the midpoint between centers of
the two features when two features are used.
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e Theta— When atwo—feature reference window tool is used, this returns
the nominal or “learned” value of the rotation angle, in degrees, between
aline connecting the centers of the two features, and the X—axis of the
image field. When one feature is used, theta returns 0.000.

e AX — Thisreturns the change from the nominal or “learned” X
coordinate of the principal reference point.

e AY — Thisreturns the change from the nominal or “learned” Y
coordinate of the principal reference point.

e ATheta— Thisreturns the change from the nominal or “learned” value
of the rotation angle, in degrees, between aline connecting the centers of
the two features, and the X—axis of the image field. When one featureis
used, AThetareturns 0.000.

e Xc— Thisreturns the current X coordinate of the center of the feature
when one feature is used, or the midpoint between the centers of the two
features when two features are used.

e Yc— Thisreturnsthe current Y coordinate of the center of the feature
when one feature is used, or the midpoint between the centers of the two
features when two features are used.
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Rotation Finder Tool This section discusses the rotation finder tool and the rotation compensation
that it can provide to other tools.

The rotation finder tool is areference tool used to find the orientation of a
rotated circular object so that other inspection tools can be positioned to
match the object’s rotation, and thereby remain properly aligned to that
object.

A rotation finder tool consists of two main components: acircular “ source”
window, and a rectangular “destination” window. The circular source
window consists of an inner ring and a concentric outer ring. It “unwraps’
the image area lying between its two rings and displays the unwrapped image
in the rectangular “destination” window.

Separately, a“feature window” is accessed from the Image Manager panel.
The feature window is placed over aregion in the destination window that
contains a unigque pattern, and the image of that pattern (the “feature image”)
isthen saved in an imagefile.

During run operations, the feature window searches the destination window
for amatch to the previously saved feature image. When it finds a match to
the feature image, the rotation finder tool calculates its rotation value and

provides the corresponding rotation offset to the associated inspection tools.

After arotation finder tool has been entered in atoolset edit panel, the
corresponding tool edit panel can be accessed by picking “Rotation Finder”
in the toolset edit panel. Initially, the rotation finder tool edit panel appears as
shown by the example in Figure 6.43 (page 6-53).

The two main window components of the rotation finder tool are shown in
their default positions on the screen. (The feature window appears only when
the Image Manager panedl is selected.)

The tool edit panel (named “Toolset A.Tool 1 Edit” in Figure 6.43) contains
several datafields and buttons, which are described briefly as follows:

e Image Name — Thisfield identifies the name of the currently selected
feature image (or “No Image,” if noneis selected). When you pick this
field, the Image Manager panel appears, which is used to save or select
an image file for the feature window.

e Passes— Thisfield selects either Single Pass or Double Pass, which
is the number of passes the feature window makes through the search
window. When you pick thisfield, Single Pass togglesto Double Pass,
or vice versa.

e Nominal — When thisfield is picked after the rotation finder tool is
configured, thetool “learns’ the “nominal” locations of the circular
object’s center and the rotation angle of the feature image. During run

operations, the tool uses these values to compute its rotation and shift
fromits“nominal” position.
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Figure 6.43 Example: Selecting the Rotation Finder Tool Edit Panel

Edit "Toolset 1"

Tupe Condition Ref .
Fot.Findex | Enakled

Envivanmenl File EBditovs Seourily

= Toolset A
Tools Blaviay  Dowe

Rotation finder

Edit "Toolset A.Tool 1"

Image HNHame Ho Image

Passes

Hominal

e *P& P Source — The B button activates the source window pick
and place function.

e *P&P Dest — The I button activates the destination window pick
and place function.

e Filter — The [EEEEE button accesses the morphology filter function. For
details about this function, see Chapter 8, Thresholds, Filters, and
Mor phol ogy.

e Pass1— The IE=EEl button selects the First Pass panel, from which
you can select the parameters that the feature window uses to scan the
destination window on thefirst (or only) pass.

e Pass2 — The [l button selects the Second Pass panel, from
which you can select the parameters that the feature uses to scan the
destination window on the second pass.

e Done— When you pick the IEEZE button, the system exits back to the
toolset edit panel.

*For details about the above “pick and place” functions, see Chapter 5, Pick
and Place Functions.
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Overview: Rotation Finder
Tool Configuration

Rotation Finder Tool
Configuration: Example

6-54

A rotation finder tool can be selected when the tool set edit panel is on the
screen. Starting from the main menu bar, the selection path to this panel is as
follows: Editors — Configuration — Setup — Tools. (This selection path
is shown by an example in Chapter 7, Inspection Tools, Figure 7.2 on page
7-3)

Hereisasummary of the basic selection and configuration stepsfor a
rotation finder tool, listed in their normal order of performance.

1. Configure source window — position the circular source window over
the appropriate part of the workpiece image.

2. Configure destination window — set the rectangular destination
window to an appropriate size.

3. Select filter function — if appropriate, perform morphology filtering on
destination window image.

4. Savefeatureimage — usethe Image Manager panel for the following
tasks:

a “Pick and place” featurewindow — position the feature window
over the appropriate feature on the destination window image.

b. Select featureimage compression parameters

c. Specify file name — to enter a device code and feature name, then
store the feature image in afile on the selected device.

5. Configurefeaturewindow:

a.  Select number of passes — select the number of passes (one or
two) that the feature window will make through the search
window.

b. Select “pass’ parameters— select the appropriate masking,
scaling, and other parameters for each “pass.”

6. Learn nominal values— perform a“learn” operation to “learn” and
store the “nominal” values — the data that indicate the workpiece's
initial position.

Figure 6.44 (page 6-55) through Figure 6.52 (page 6-61) illustrate an
extended example in which arotation finder tool is configured to detect
rotation of asmall black “index mark” in acircular object. When it detects a
rotated index mark, the rotation tool applies rotation compensation to an
associated line gage tool, which is positioned horizontally over asmall
rectangular object inside the circular object.

NOTE: Therotation finder tool’s source window must always be aligned
with the center of rotation of the circular object. In addition, if the circular
object is expected to shift in theimage field, a reference line tool will be
needed to compute the shift and apply the corresponding shift compensation
to the source window. (Used with areference line tool, the rotation finder
tool will also supply shift compensation to the associated tools.)
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Figure 6.44 illustrates the initial image of the circular object, the index mark
on the circular object, and the rectangular object.

Figure 6.44 Initial Image for Rotation Finder Tool Example

Circular
object

Rectangular
object

Figure 6.45 illustrates the relation between the reference line tool, rotation
finder tool, and gage tool in the tool set edit panel. In this example, the
rotation finder tool (Tool 2) receives X—and Y—axis shift compensation from
the reference line tool (Tool 1), and the gage tool (Tool 3) receives rotation
and shift compensation from the rotation finder tool.

Figure 6.45 Example: Relation Between Reference Line, Rotation Finder, and Gage
Tools in Toolset Edit Panel

Edit "Toolset 1"

Tupe Condition
Ref. Line Enakled
Fot.Findexr | Enabled

Gage Enakled
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The reference line tool is configured for “X then Y™ operation, with the X—
and Y —axes crossing through the center of the circular object, as shown in
Figure 6.46. The function of thetool isto locate the center of the circular
object; thus, offsets (such as*“ Center”) should be selected for this purpose.

Figure 6.46 Example: X Then Y Reference Line Configured Over Circular Object

Reference
linetool axes

The source window is centered over the circular object as shown in
Figure 6.47, and itsrings are set so that the circular object nearly fills the
space between them.

Figure 6.47 Example: Source Window Rings Positioned Over Circular Object

Envivonmenl  Files Editovrs Heopeily

= Toolset A
Tooils  Diaspiay Done

Destination
window
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Here are the criteriafor positioning the inner and outer rings of the source
window:

e The source window should be centered on the circular object. The center
location can be obtained from the “nominal” X—and Y—axis coordinates
reported by the reference line tool.

e Theregion between the inner and outer rings must contain a distinct
“index” feature such as ahole, tab, or rivet.

e For the best rotational accuracy, the feature should be consistent from
object to object, and should be located as far as possible from the center
of the circular object.

When the source window has been resized and repositioned appropriately, as
illustrated by the example in Figure 6.47 (page 6-56), and the source
window’s pick and place function has been exited, the image area between
the two rings of the source window appears in the destination window,

unwr apped.

Here are the criteriafor positioning the destination window:

e The destination window must be tall enough to provide the optimal
angular resolution.

A shorter destination window will make the tool run faster, but it will
provide less angular resolution.

e The destination window should be as narrow as possible, provided that
the “index” feature remains a distinct pattern within the unwrapped
image. If the possibility of confusion exists between the chosen index
feature and another region of the unwrapped image, then widening the
destination will give better reliability but slower speed.

Figure 6.48 (page 6-58) illustrates how the unwrapped image of the circular
object (see Figure 6.47) appears in the destination window after the
destination window has been appropriately resized and repositioned. Note the
relative position of the “index mark” in the two windows.

At this point, morphology filtering could be used (by picking the =
button) to enhance the index feature in the destination window, if desired.
The rotation finder tool is sensitive to variationsin lighting and part color
from one inspection to the next; however, this sensitivity can be reduced by
applying a“MAX —MIN” operation, followed by a“MAX" operation.

The next task is the selection of the “feature image” in the destination
window. For this purpose, the Image Manager panel is accessed by picking
the Image Name field in the tool edit panel. (For general details about the
Image Manager panel, refer to the Image Manager Panel section on page
4-40 of Chapter 4, Inspection Configuration. For additional details, refer to
the Feature Image Configuration section on page 6-30 of this chapter.)
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Figure 6.48 Example: Repositioned Destination Window With Unwrapped Image

Destination Source
window —> window

Unwrapped
image ‘ Index

mark

When the Image Name field is picked, the Image Manager panel appears
on the screen as shown in Figure 6.49. Note that the destination window now
contains a small feature window.

Figure 6.49 Example: Destination Window After Picking Image Manager Panel

Evnsivanmnent  Fils Editors Zscurity
=] Toolset A
Tools  Blaspisy  bBone

Image Manager

{other} r' Subimage Me thod
(] CBaseline
EY¥es EBLlossless

Default Dewvice EE:
Quantization

Predictor

Point Xform

At this point, the Image Manager panel’s functions are used to position the
feature window around the “index mark” in the destination window, and then
save the resulting feature image in an imagefile.
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The feature window should be positioned so that it covers the smallest
possible region that contains afeature with adistinct pattern (such as an
index mark) — one that will not be mistaken for another region of the
destination image.

NOTE: The unwrapped image in the destination window represents more
than 360° of the original image. This ensures that the destination image
contains a complete feature, even when that feature is located near the 0°
point.

After the feature window has been properly positioned in the destination
window, the feature window’s image must be saved under an appropriate file
name. The Image Manager panel can then be exited.

When the tool edit panel reappears, the Image Name field contains the file
name of the newly created image file (assuming that a different file name
was not selected), as shown in Figure 6.50. In addition, the Passes field and
the two “pass’ buttons are now active.

Figure 6.50 Example: Tool Edit Panel After Selecting Image File Name

Edit "Toolset A.Tool 4"

Image Hame EE:RT1
Passes Doukle Pass
Hominal 188, 184, a.a°

The rotation finder tool must be configured so that the feature window makes
either one or two “passes’ through the destination window as it searches for
amatch to the stored feature image (the “index mark™). In most cases, two
passes are more efficient than one pass: The first pass locates the feature
approximately, after which the second pass locates the feature more precisely,
but with a smaller region to search.

The choice of Single Pass or Double Pass depends the details of your
application; thus, some trial and observation may be required in order to
determine which choice is the most effective and efficient. In al cases, the
objective is to optimize the search process for the best combination of speed
and accuracy.

The“pass’ parameters are configured in the First Pass and Second Pass
panels, and these panels are selected by picking the IS and =X
buttons, respectively.

For compl ete details about the pass parameters and configuration, refer to the
Reference Window Tool section of this chapter, starting at the Sngle Pass vs
Double Pass heading on page 6-34.
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After the pass configuration is complete, a“learn” operation must be
performed by picking the Nominal field in the tool edit panel. This
establishes the “nominal” coordinates and rotation angle of the rotation
finder tool, and thereby enablesit to be used by other tools as arotation
compensation source.

When the Nominal field is picked, the Feature Locations panel appears
first, as shown by Figure 6.51. Note that a radius line extends from the center
of the circular object to the index mark.

Figure 6.51 Example: Rotation Finder “Learning” Nominal Values

Edit "Toolset A.Tool 4"

Image Hame EE: RT1
FPasses Doukle FPass
Hominal B.a°

Feature Location=z

ank Location RME Error
1 281, 148 @, 808

Radius
line

Edit, "Toolzet A.Tool 4"

Image HMHame EE: RT1
Passes Single Pass
Hominal 281, 233, 227.48°

The values appearing in the Feature Locations panel reflect the X—and

Y —axis coordinates of the “head” of the radius line, along with the RMS
error, which isthe calculated RM S (root mean square) error for the feature
(the index mark in this example). For details about RM S error calculations,
refer to the Pixel Error Parameter Selections section on page 6-43.
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When the Il button is picked on the Feature Locations panel, the
Nominal field in the tool edit panel displays the X—and Y —axis coordinates
of the center of rotation (281 and 233), along with the angular position of the
index mark (227.0°) relative to the 0° point on the X—axis. (In this example,
the index mark islocated 227.0° clockwise from the 0° point.)

At this point, the rotation finder configuration is complete, and it can be used
as a reference for inspection tools that follow it in the tool set edit panel.

Figure 6.52 illustrates the rotation finder tool in operation. In this case, (A)
shows the circular and rectangular objects in their original locations, while
(B) shows these objects after they have shifted and rotated. Note that the line
gage tool remains properly positioned over the shifted and rotated
rectangular object.

Figure 6.52 Example: Rotation Finder Tool in Operation (Setup Mode)
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Rotation Finder Tool This section discusses the expanded inspection results that are availableto a
|nspection Results and math tool formula from arotation finder tool. As Figure 6.53 shows, the
Math Tool Formulas expanded inspection results for arotation finder tool appear in onelist.

Figure 6.53 Expanded Results Lists For Rotation Finder Tools in Math Formulas

Execute
Pass
Warn
Fail
Total
Faults
X

Y
Theta
AX

AY
ATheta
Xc

Yc

Hereisabrief definition and explanation of each of the expanded result
typeslisted in Figure 6.53.

e Execute— Thisreturns a 1.000 when the tool has executed its inspection
task, and 0.000 for all other conditions.

e Pass— Thisreturns a 1.000 when the tool has passed its inspection task,
and 0.000 for all other conditions.

e Warn — For reference tools, Warn always returns 0.000.

e Fail — Thisreturnsa“error code” when the tool isin afail condition and
0.000 for all other conditions. The error code identifies a specific reason
for the failure; for example, error code 1038.000 identifies “ One or more
features could not be found” as the cause of the inspection failure. The
complete list of error codes and fail conditions appearsin Appendix A of
this manual.

e Total — Thisreturns the total number of inspections performed.

e Faults— Thisreturns the total number of faults detected.

e X —Thisreturnsthe current X coordinate of the center of rotation.
e Y —Thisreturnsthe current Y coordinate of the center of rotation.

e Theta— This returns the current value of the angular position, in
degrees, of the index mark relative to the 0° point on the X—axis.
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e AX — Thisreturns the change from the nominal or “learned” X
coordinate of the center of rotation.

e AY — Thisreturns the change from the nominal or “learned” Y
coordinate of the center of rotation.

e ATheta— Thisreturns the change from the nominal or “learned” value
of the angular position, in degrees, of the index mark relative to the 0°
point on the X—axis.

e Xc— Thisreturnsthe samevalueas“X”.
e Yc— Thisreturnsthe sasmevalueas“Y”.
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Build Reference Tool

This section discusses the build reference tool and the shift and rotation
compensation that it can provide to other tools.

A reference line, reference window, or rotation finder tool provides shift
and/or rotation compensation to other tools that have the same X—and

Y —axis orientation in the image field as the reference tool (whether or not the
images are all from the same camera). It derives the coordinate and angle
references values that it uses for its compensation functions directly, from its
own lines or windows.

A build reference tool, however, can “build” areference tool using results
data from other tools (such as gage and window tools), along with other
values (such as constants), as the source of its coordinate and angle reference
values. In addition, it can use images from different cameras having different
X—and Y-axis orientations in the image field than the tool (s) to which the
position compensation is applied.

A build reference tool uses a series of “formulas’ to derive its coordinate and
angle reference values. A separate formulais used to derive each of these
values. Each formulais entered and configured using the same formula entry
keyboard that is used with a math tool. A build reference tool can be
configured to use any of the three references alone, or together in any
combination.

In some applications, tool results data derived from formulas can be used
directly as reference coordinates and/or angles. In other applications, results
data must be manipulated mathematically before being used as references.

Once the required formulas are configured, a build reference tool “learns’ the
initial or “nominal” X—axis, Y—axis, and/or the “theta’ angle values, like a
conventional reference tool, in order to provide shift and/or rotation
compensation to other tools. After “learning” these nominal values, a build
reference tool operates exactly like a conventional reference tool; that is, it
supplies shift and/or rotation compensation to tools that follow it in the
toolset edit panel.

After selecting a build reference tool in atoolset edit panel, you can
configure it for an inspection application by picking the Build Reference
field in the tool set edit panel. When you pick Build Reference, the build
reference tool edit panel appears on the screen, as shown by the example in
Figure 6.54 (page 6-65). (Note that the build reference tool name also
appears, and it is shown in its default position on the screen.)

The build reference tool edit panel (named Edit “Toolset 1.Tool 1" in
Figure 6.54) contains severa datafields and buttons, which are described
briefly as follows:

e X Mode— Thisfield selects the mode for the X—axis coordinate
calculation as Absolute, Delta, or Disabled.

e Y Mode— Thisfield selects the mode for the Y—axis coordinate
caculation as Absolute, Delta, or Disabled.
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Figure 6.54 Example: Selecting the Build Reference Tool Edit Panel
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e Theta Mode — Thisfield selects the mode for the theta angle calculation
as Absolute, Delta, or Disabled.

e Nominal — When you pick thisfield, the selected and configured build
reference tool stores the current position reference data, to be used during
inspection to compute the workpiece's offset from the “nominal” position.

e X Formula— The =z button is active only when the X Mode
selection is Absolute or Delta. It accesses the formula entry keyboard,
which enables you to enter the “formula’ that will acquire an X—axis
reference value for the build reference tool’s X—axis shift compensation
calculation.

e Y Formula— The IEEE==58 button is active only when the Y Mode
selection is Absolute or Delta. It accesses the formula entry keyboard,
which enables you to enter a“formula’ that will acquireaY—axis
reference value for the build reference tool’s Y —axis shift compensation
calculation.

e Theta Formula— The IEXE=mgll button is active only when the
Theta Mode selection is Absolute or Delta. It accesses the formula
entry keyboard, which enables you to enter a“formula’ that will acquire a
theta angle value for the build reference tool’ s rotation compensation
calculation.
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e X.Formula—The button is active only when the Theta
Mode selection is Absolute or Delta. It accesses the formula entry
keyboard, which enables you to enter a“formula’ that will acquire an
X—axis coordinate value of the center of rotation for the build reference
tool’s rotation compensation cal culation.

e Y.Formula—The button is active only when the Theta
Mode selection is Absolute or Delta. It accesses the formula entry
keyboard, which enables you to enter a“formula’ that will acquire an
Y —axis coordinate value of the center of rotation for the build reference
tool’s rotation compensation cal culation.

e P& P Name — The IS button activates the pick and place function
for the tool name field in the image field.

e Done— When you pick the IEZl button, the system exits back to the
toolset edit panel.

Overview: Build Reference A build reference tool can be selected when the toolset edit panel is on the

Tool Configuration screen. Starting from the main menu bar, the selection path to this panel is as
follows. Editors — Configuration — Setup — Tools. (This selection path
is shown by an example in Chapter 7, Inspection Tools, Figure 7.2 on page
7-3)

Hereisasummary list of the basic build reference selection and
configuration steps, listed in their normal order of performance:
1. Select build reference tool.

2. Configure formulafor X—axis coordinate, if appropriate.

3. Configure formulafor Y—axis coordinate, if appropriate.

4. Configure formulafor theta angle coordinate, if appropriate.
5. Configure formulafor X—axis coordinate, if appropriate.

6. Configure formulafor Y —axis coordinate, if appropriate.

7. “Pick and place” tool name field, if appropriate.

8. Learn nominal value(s), if appropriate.

6-66
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Examples: Build Reference
Tool Configuration and
Operation

Chapter 6

Reference Tools

This section provides a few simple examples whose purpose is to:

e |dentify the basic steps in the process of configuring a build reference
tool.

e |ndicate the concepts employed by the build reference tool.

o |llustrate the build reference tool’s operating modes (X Mode, Y Mode,
and Theta Mode).

A build reference can be configured to calculate shift and/or rotation
compensation using either absolute position values or delta (relative)
position values. The difference is described as follows:

e Absolute —Using the absolute method, the build reference tool uses
stored (“learned”) position values (which are based on the absolute
X—axis, Y—axis, and thetavaluesin the image) as the basis for providing
shift and/or rotation compensation. This is the method used by the
reference line and reference window tools.

First, the tool calculates the difference between a stored absolute value of
a specific reference (coordinate or angle) and the current absolute value of
the same reference (that is, its value obtained from the current inspection
cycle). Then, it applies the difference value to all referenced tools and
repositions them from their original (“learned”) positions by the amount
of the calculated difference value.

e Delta— Using the delta method, the build reference tool does not store
(“learned”) position values as the basis for providing shift and/or rotation
compensation. Instead, the tool calculates position compensation only on
the basis of values entered in the formula(s), and uses the formula results
values to shift and/or rotate all referenced tools from their current
positions in accordance with those results val ues.

Note that these examples are not intended to show you how to configure the
build reference tool for your application or for any specific application.

Example: X Mode Operation

This example uses awindow tool (Tool 1) to supply X—coordinate datato a
build reference tool (Tool 2), which, in turn, supplies“ X—only” shift
compensation to two gage tools (Tool 3 and Tool 4). (Although the example
isset up for X Mode operation, the same principles apply to the Y Mode
operation.)

Figure 6.55 (page 6-68) shows how the four tools are arranged in the tool set

edit panel. Their order in the panel, from top to bottom, determines the order
in which they are processed.
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Figure 6.55 Example: Relation Between Window, Build Reference, and Gage Tools in
Toolset Edit Panel

Edit "Toolset 1"

Tupe Condition
Hindow Enabkled
Build Reference Enabled

Gage Enakled
Gage Enabkled

Figure 6.55 also indicates the relation between the four tools: The window
tool must be processed first in order to supply data to the build reference
tool; the build reference tool must be processed second in order to supply
“X-only” shift compensation to the gage tools; and the gage tools must be
processed last because they require the results from the preceding two tools.

In this example, the window tool is positioned over the object as shown in
Figure 6.56, and it is configured for the Black Contours operation. The
window tool’s horizontal size, and itsinitial position over the object, are
determined by the expected extent and direction of the object’s shift along
the X—axis. (Since no vertical shift is expected in this example, the window
tool’s vertical size can be minimized.)

Figure 6.56 Example: Window Tool Positioned Over Object

Edit "Toolset 1.Tool 1"

Operation Elack Contours
Two Pass

Hindow Shape Rectangle

Fast Unwrap

Mask Shape Hone

Mack Mode Dunamic

Hominal 1

I P&P Hindow
I Thresh-Fil tex I Ranges
I Target I Done

The“X Center” measurement function is selected for the window tool’s
Black Contours operation. This function calcul ates the X—axis coordinate of
the center of an object, and the resulting value will be supplied to the build
reference tool for useinits“X-only” reference operation.

Initially, the build reference tool edit panel appearsasit isshownin

Figure 6.57 (page 6-69). Note that “Absolute” appearsin the X Mode field,
while the other mode fields are disabled. These are the default selections for
thistool edit panel. (The effects of using the “Absolute” and “Delta”
methods of calculating shift and/or rotation compensation are discussed
later.)
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Figure 6.57 Initial Appearance of Build Reference Tool Edit Panel

Edit "Toolset 1.Tool 2"
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Y Mode Disakled
Theta Mode Disakled
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Note also that the button is active (unshaded). This button is used,
in this example, to configure a formulathat will acquire the “X Center”
coordinate value from the appropriate object in the window tool. (The other
“formul@’ buttons are inactive at this time because the corresponding “ mode’
selections are “ Disabled.”)

When you pick the Exzzzzal button, the formula entry keyboard appears,
the upper portion of which is shown in Figure 6.58 (page 6-70). For this
example, aformulais entered that will acquire the window tool’s current “ X
Center” coordinate value for an object. (Note that an object number is not
specified in the formula; thus, the “#” sign in the formula must be replaced
with the number of the object whose “ X Center” valueisto be acquired. In
this case, the “#” sign must be replaced with the number “1.")

In Figure 6.58 (A), the formula appliesto the “ Absolute” method; that is, it
only acquires the current X Center coordinate value from the window tool.

In Figure 6.58 (B) the formula appliesto the “ Delta” method. It also
acquires the current X Center coordinate value from the window tool, but it
then subtracts from that value a constant value (which, in this case,
represents an initial value of X Center).
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Figure 6.58 Example: Entering X Mode Formula for Absolute and Delta Methods
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When you pick the IEZZl key on the formula entry keyboard, the formulais
saved, and the build reference tool edit panel reappears, as shown in
Figure 6.59 (A) (page 6-71).

For the “Absolute” method, when you then pick the Nominal field, the build
reference tool uses the formulato acquire and “learn” the window tool’s “X
Center” coordinate value, and that value (263) appears as the X—axis value
in the Nominal field, as shown in Figure 6.59 (B). (Note that because the Y
and theta modes are disabled in this example, their valuesin the Nominal
field remain 0.)

For the “Delta” method, which does not use a stored (“learned”) reference
value, picking the Nominal field will “exercise” the formulaand return a
result, but it is not necessary to pick thisfield for the build reference tool to
operate properly.

At this point, the configuration process is completed for the build reference
tool in this example. The build reference tool is now ready to supply “X
Center” shift compensation to the two gage tools.
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Figure 6.59 Example: “Learning” Nominal Values for Build Reference Tool

Edit "Toolset 1.Tool 2"

X Mode Abksolute
:
¥ Mode Disakled
Theta Mode Disakled
Hominal a,

Edit uulset 1.Tool 2"

()
X Mode ,‘ihEulute
¥ Mode /:Eabled

Theta Mode %53.1:1 =Y. |

Hominal 263, A,

The difference in the operation of the build reference tool when using the
absolute and delta calculation methods is illustrated as follows;

Absolute — During each inspection cycle, the build reference tool uses the
formulato acquire the current absolute X Center coordinate value from the
window tool. It then subtracts the stored (“learned”) coordinate value (263
pixelsin this example) from the current coordinate value and uses the
difference value to shift the gage tools as follows: A positive difference
value will shift both gage tools to the right, while a negative difference value
will shift the toolsto the left.

For instance, if the object (see Figure 6.56, page 6-68) shiftsright, and the
window tool returns a current X center coordinate value of 283, the build
reference tool will subtract 263 from 283, yielding a difference of +20. This
is the number of pixelsthat the gage tools will be shifted to the right.

Delta — During each inspection cycle, the build reference tool usesthe
formulato acquire the current absolute X Center coordinate value from the
window tool. It then subtracts from that value the constant in the formula
(263, for example) and uses the cal culated difference value to shift the gage
toolsasfollows: A positive difference value will shift both gage toolsto the
right, while a negative difference value will shift the tools to the | eft.

For instance, if the object (see Figure 6.56) shifts left, and the window tool
returns a current X center coordinate value of 243, the build reference tool
will subtract 263 (the constant) from 243, yielding a difference of —20. This
is the number of pixelsthat the gage tools will be shifted to the left.
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Example: Theta Operation

This section provides a simple example that illustrates a theta operation using
the “ Absolute” method of operation. In this example, abuild reference tool
is configured to provide only rotation compensation to a pair of gage tools.

Specifically, this example uses a window tool (Tool 1), configured for the
Black Contours operation, to supply theta angle and centroid coordinate
valuesto abuild reference tool (Tool 2). Tool 2 then applies these values as
rotation compensation to each of two gage tools (Tool 3, Tool 4), whose
function is to measure the height and width of the object. For the purposes of
this exampl e, the object is assumed to rotate in the image field.

Figure 6.60 shows how these four tools are arranged in the tool set edit panel.
Their order in the panel, from top to bottom, determines the order in which
they are processed.

Figure 6.60 Example: Relation Between Window, Build Reference, and Gage Tools in
Toolset Edit Panel

Edit "Toolset 1"

Tupe Condition
Hindow Enakled
Build Reference Enabkled

Gage Enabkled
GCage Enakled

Figure 6.61 shows the window tool in this example positioned over a dark
rectangular object. The two gage tools are positioned vertically and
horizontally across the object.

Figure 6.61 Example: Setup of Window and Gage Tools

«— Gage

Build reference
tool name
Inspected
object
. Gage
Window—
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The window tool, using the Black Contours operation, is further configured
to supply the X—axis and Y —axis coordinates of the object’s centroid, and
theta, which is the angle between the object’s major axis and the X—axis of
theimage field. These values result from the X Center, Y Center, and
Theta parameters selected in the Target panel, as shown in Figure 6.62, and
are the reference values that the build reference formulawill “learn” and use
during operation.

Figure 6.62 Example: Selecting Contour Parameters for Use in Build Reference Tool

— -
Edit "Toolset 1.Tool 1"

Target

Pick Target

During operation, the task for the build reference tool in this exampleisto
calculate the difference, if any, between the “learned” theta angle and the
theta angle of the current inspected object, and to apply that angular
difference as rotation compensation to the two gage tools.

Initially, the build reference tool edit panel appearsasit isshownin
Figure 6.57 (page 6-69). Note that “Absolute” is selected in the X Mode
field, while the other mode fields are disabled. These are the default
selections for this tool edit panel.

Since the theta mode only is used in this example, the X Mode field must be
set to “Disabled” and the theta mode enabled by selecting “ Absolute” in the
Theta Mode selection panel. Figure 6.63 (page 6—74) illustrates the general
method for making these selections.
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Figure 6.63 Disabling X Mode, Enabling Theta Mode
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After the appropriate mode selections have been made, when the tool edit
panel reappears, “Disabled” will appear in the X Mode field, and
“Absolute”will appear in the Theta Mode field, as shown in Figure 6.63. In
addition, the EEzzzmra button will be inactive (shaded), while the
E=oammn], e, and buttons will be active.

When you pick the IEEEE=mEl button, the formula entry keyboard appears,
the upper portion of which is shown in Figure 6.64 (page 6-75). For this
theta mode example, athetaformulais needed that will acquire the theta
angle of the object from the window tool. This formulais entered into the
keyboard as shown in Figure 6.64.
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Figure 6.64 Example: Entering Theta Formula in Keyboard
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NOTE: Theformulais*“{Tool 1.Theta#}.” The“#" sign must be replaced
with the contour number, which, in this example, is“1.” Thus, the formula
must be amended to “{Tool 1.Thetal},” and the formulawill then return the
theta angle of contour #1 in the window tool (the dark object).

A theta operation requires also that the “ center of rotation” data be acquired.
Thisis accomplished using the IEEE=EE and buttons, as
illustrated by Figure 6.65 (page 6-76).

When you pick the IEEE=mE button, the formula entry keyboard appears,
the upper portion of which is shown in Figure 6.65. For this theta mode
example, an X formulais needed that will acquire the X—axis coordinate of
the object’s centroid from the window tool. Thisformulais entered into the
keyboard as shown in Figure 6.65.

6-75
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 6

Reference Tools

Figure 6.65 Example: Entering X; Centroid Coordinate Formula in Keyboard
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NOTE: Theformulais“{Tool 1.Xcenter#}.” The“#" sign must be
replaced with the contour number, which, in this example, is“1.” Thus, the
formula must be amended to “{Tool 1.Xcenterl},” and the formulawill then
return the X—axis coordinate of the centroid for contour #1 in the window

tool (the dark object).

The formulaentry processillustrated in Figure 6.65 can be repeated to set up
aY. formulathat will acquire the Y—axis coordinate data.
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When all three formulas are entered and saved, and the build reference tool
edit panel reappears, when you then pick the Nominal field, as shown in
Figure 6.66, the build reference tool uses the three formulasto “learn” the
window tool’s theta angle, and that angle (89.9°) appears in the Nominal
field, as shown in (B). (Note that because the X and Y modes are disabled in
this example, their values in the Nominal field remain 0.)

Figure 6.66 Example: “Learning” Nominal Values for Build Reference Tool
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At this point, the configuration processis completed for the build reference
tool in this example. The build reference tool is now ready to supply rotation
compensation to the two gage tools.
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Build Reference Tool This section discusses the expanded inspection results that are availableto a
|nspection Results and math tool formulafrom abuild reference tool. As Figure 6.67 shows, the
Math Tool Formulas expanded inspection results for a build reference tool appear in one list.

Figure 6.67 Expanded Results Lists For Build Reference Tools in Math Formulas

Execute
Pass
Warn
Fail
Total
Faults
X

Y
Theta
AX

AY
ATheta
Xc

Yc

Hereisabrief definition and explanation of each of the expanded result
typeslisted in Figure 6.67 (page 6-78).

e Execute— Thisreturns a 1.000 when the tool has executed its inspection
task, and 0.000 for all other conditions.

e Pass— Thisreturns a 1.000 when the tool has passed its inspection task,
and 0.000 for all other conditions.

e Warn — For reference tools, Warn always returns 0.000.

e Fail — Thisreturnsa“error code” when the tool isin afail condition and
0.000 for all other conditions. The error code identifies a specific reason
for the failure; for example, error code 1049.000 identifies “ Could not
access result” as the cause of the inspection failure. The complete list of
error codes and fail conditions appearsin Appendix A of this manual.

e Total — Thisreturnsthe total number of inspections performed.
e Faults— Thisreturns the total number of faults detected.

e X — Thisreturnsthe current value of the X result from the X Formula in
the build reference toal. (It is 0.000 if the X Mode is Enabled, but has
no usable X Formula, or it is Disabled.)

e Y — Thisreturns the current value of the Y result from theY Formula in
the build reference toal. (It is 0.000 if the Y Mode is Enabled, but has
no usable Y Formula, or it is Disabled.)
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e Theta— This returns the current value of the theta result, in degrees,
from the Theta Formula in the build reference tool. 1t is 0.000 in the
following situations:

— The Theta Mode is Disabled.

— The Theta Mode is Enabled, but the Theta Formula, X, Formula,
or Y. Formula is unusable for any reason.

e AX — Thisreturns the change from the nominal or “learned” X value.
e AY — Thisreturns the change from the nominal or “learned” Y value.

e ATheta— Thisreturns the change from the nominal or “learned” Theta
value, in degrees.

e Xc— Thisreturnsthe current value of the X result from the X, Formula
in the build reference toal. It is0.000 in the following situations:

— The Theta Mode is Disabled.

— The Theta Mode is Enabled, but the Theta Formula, X, Formula,
or Y. Formula is unusable for any reason.

e Yc— Thisreturnsthe current value of the Y result from the Y, Formula
in the build reference toal. It is0.000 in the following situations:

— The Theta Mode is Disabled.

— The Theta Mode is Enabled, but the Theta Formula, X; Formula,
or Y. Formula is unusable for any reason.

From time to time you may need to readjust inspection tools in an existing
configuration file and/or add new tools to the file. A problem could occur if
you were unable to position the workpiece image to exactly the same place in
theimage field that it occupied when you originally configured the tools. If
not, you would probably need to reconfigure all of the tools in the toolset —
aprocess that could be quite time consuming.

However, if these tools were aready “referenced” to referencetoolsin the
original configuration, you could use the tool register function to move the
new workpiece image to the same position in the image field as the original
workpiece image.

Thetool register function shifts and/or rotates the entire cameraimage as
needed in order to move the new workpiece image to the same position that
the original workpiece image occupied within the image field, thereby
enabling you to adjust or reposition any of the existing inspection tools
and/or add new tools.

Then, when you return to setup or online operations, all of the inspection
tools will be properly registered to the new workpiece image.

Refer to Chapter 4, Inspection Configuration, on page 4-35 for a detailed
example of thetool register function.
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This chapter provides detailed information about all CVIM2 inspection tools
(except reference tools), including all configuration considerations that are
unique to the individual tools. Reference tools are discussed in Chapter 6,
Reference Tools.

For information about picking and placing inspection tools, see Chapter 5,
Pick and Place Functions. For information about inspection tool threshold
settings, filter selections, and morphology, see Chapter 8, Threshold, Filters,
and Morphol ogy.

The inspection tools include the following types:

e Gagetool: line, arc, and circle.

e Window tool: rectangle, circle, dlipse, arc ring, and polygon.
e |magetool: rectangle, quad, perspective, and arc ring.

e Profiletool: rectangle only.

e Multiple gagetool: line only.

e Multiple window tool: rectangle only.

An inspection tool can be selected when the tool set edit panel is on the
screen. This selection path isillustrated by the examplein Figure 7.1 (page
7-2).

Note that the toolset edit panel in Figure 7.1 (named “Toolset 1 Edit")
contains no inspection tools initially.

To add an inspection tool to the tool set, pick the (or xzx) button, as
illustrated by the example in Figure 7.2 (page 7-3). When the Tool Types
panel appears, highlight the appropriate tool type (such as Gage), then pick
the [EZX button. The inspection tool (“Gage,” in this example) will then
appear under the “ Type” heading in the toolset edit panel.
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Figure 7.1 Example: Selection Path for the Toolset Edit Panel
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Figure 7.2 Example: Adding an Inspection Tool
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This section discusses line gage shapes, gaging modes, and the inspection
functions (“operations’) that the line gages can perform.

Once you have selected a gage as outlined in the Overview: Inspection Tool
Selection Process section (page 7-1), you can configure it for an inspection
application by picking the Gage field in the tool set edit panel. When you do,
the gage tool edit panel appears, as shown by the examplein Figure 7.3 (page
7-4).

Note that in Figure 7.3 the gage is shown in its default shape (line) and
position on the screen.

The gage tool edit panel (named Edit “Toolset 1.Tool 1" in Figure 7.3)
contains several data fields and buttons, which are described briefly as
follows:

e Operation — Thisfield provides access to the selection of one of the
gage “operations.” The default gage operation is Edges — an
edge—counting operation.

e Mode— When you pick thisfield, the currently selected gaging mode

toggles to the other gaging mode. Thus, Binary toggles to Gray, and vice
versa. The default gaging mode is Gray.

e Shape— Thisfield provides access to the selection of the gage shape,
whichisLine, for astraight linear gage, or Arc, for a partially circular
gage, or Circle, for afully circular gage. The default shapeisLine.
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Figure 7.3 Example: Selecting the Gage Edit Panel
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e Filter — Thisfield provides access to the selection of the gage filter
function, which can remove small pixel groups that are considered
“noise” in an inspection application. The default setting is 1. For details
about this function, see Chapter 8, Thresholds, Filters, and Morphology.

e Width — Thisfield provides access to the selection of the gage width.
The default setting is 1.

e Nominal — When you pick thisfield, the currently selected and
configured gage performs atest operation, and the resulting inspection
results data appear in thisfield. The type of results data depends on the
selected gage operation. Theinitial valueisO.

e P& P Gage — The IEEEEl button activates the gage pick and place
function. For details about this function, see Chapter 5, Pick and Place
Functions.

e Threshold — The IEE===a button accesses the threshold cursors. For
details about this function, see Chapter 8, Thresholds, Filters, and
Morphology.
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e FeatureA, Feature B— The IEESI=a buttons accesses the “feature,” or
edge selection panels for the respective features. Thisfunctionis
accessible only for certain gage operations.

e Ranges— The == button accesses the range-selection panel, which
defines limits for gage inspection results.

e Done— When you pick the IEEZl button, the system exits back to the
toolset edit panel.

A gage can be selected when the tool set edit panel is on the screen. Starting
from the main menu bar, the selection path to this panel is asfollows:
Editors — Configuration — Setup — Tools. This selection path is shown
by the example in Figure 7.1 (page 7-2).

Hereisasummary list of the basic gage selection and configuration steps,
listed in their normal order of performance. These steps are common to all
gage operations (except as noted):

Select gage operation.

Select the gage shape.

Select gaging mode.

“Pick and place’ the gage.

Adjust edge detection parameters.

Select the width, filter, and threshold.

Learn nominal value.

Select ranges.

© N MWD PR

Each of the gages can be configured as aline gage, an arc gage, or acircle
gage, according to the requirements of your application.

When configuring a gage, the gage shape should be your first selection.
e Linegage— A line gageisdefined by two points. You can place it

anywhere within the image and set it to any length and any angle.

e Arcgage— An arc gage is defined by a center point, aradius, a starting
angle, and an ending angle. You can place it anywhere within the image
and set it to any radius and any degree of arc.

e Circlegage— A circle gageis defined by a center point and aradius.
You can place it anywhere within the image and set it to any radius.
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Gaging Mode Each of the gages can be configured to operate in either the binary gaging
mode or the gray scale gaging mode, according to the requirements of the
application.

e Binary mode— The binary gaging mode uses binarization thresholds to
display pixelsin two states, white and black. The only pixels displayed in
binary are those that directly surround the gage in afield called the “area
of interest.”

The binary gaging mode is most appropriate when the inspected
workpiece has a sharp black—and—white contrast with its background,
such aswhen it is backlighted. You must select this mode for the black
pixel and white pixel operations.

e Gray scale mode — The gray scale gaging mode detects edges and
objects using the rate of change of the gray scale values of the pixels
examined by the gage.

Gray scaleis appropriate when you need greater precision in linear
measurements.

Gage Operations When you pick the Operation field in the gage tool edit panel, the Gage
Operation selection panel appears, as shown in Figure 7.4.

Figure 7.4 Gage Operation Selection Panel

Gage Operation

D Hhite Pixels
D Black Pixels
O Fgrnd Ohjects
O Bgrnd Ohjects
M Edges

X Position

Y Position

O Linear Measure

Note that while Figure 7.4 lists all of the gage operations, the last three
selectionsin this are shaded, which indicates that they cannot be selected.
Thereason, in this case, isthat the selected gage shape is Line, and these
selections apply only when the Arc or Circle gage shape is selected.
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shape and gaging mode.

Table 7.1 Summary of Gage Operations
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Gage Operation Gage Shape Gaging Mode
White pixels Line, arc, circle Binary
Black pixels Line, arc, circle Binary

Foreground objects

Line, arc, circle

Binary, gray scale

Background objects

Line, arc, circle

Binary, gray scale

Edges Line, arc, circle Binary, gray scale
X position Line, arc, circle Binary, gray scale
Y position Line, arc, circle Binary, gray scale

Linear measure

Line, arc, circle

Binary, gray scale

Theta Arc, circle Binary, gray scale
Wedge angle Arc, circle Binary, gray scale
Chord angle Arc, circle Binary, gray scale

NOTE: All but the last three gage operations apply to theline, arc, and
circle gages. The last three apply only to arc and circle gages.

White Pixels; Black Pixels

These two gage operations are avail able only when you select the binary
gaging mode. The pixel counting operations count the total number of white
or black pixels along the full length of the gage. Figure 7.5 (A) (page 7-8)
shows a linear gage performing a black pixel counting operation across a
workpiece, while (B) shows the same gage performing a white pixel counting
operation across the same workpiece.

Note that black pixel count (190 pixelsin the A example) isthe total of the
pixelsin al of the black rectangles, while the white pixel count (117 in the B
example) isthe total of the pixelsin al of the white spaces between the black
rectangles, plus the white area on each end of the gage.
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Figure 7.5 Examples: Counting Black Pixels and White Pixels Across a Workpiece

A

Toolset 1.Tool 2 Edit

Operation Black Pixels
Mode

Shape Line

Filtexr :

Hidth 1

MHominal 1909

Toolset 1.Tool 2 Edit

Operation

Mode

Ehape Line
Filtexr

Hidth

1
Hominal 117

Foreground Objects; Background Objects

These two gage operations are available with both gaging modes. The aobject
counting operations count the total number of “foreground” or “background”
objects along the length of the gage.

In the context of gage operations, the terms “foreground” and “background”
have specific, and different, meanings for the binary gaging mode and the
gray scale gaging modes. These are described in the following sections.

Binary Gaging Mode: Foreground Objects

Foreground objects are those objects containing white pixelsthat lie
completely between the first and last detected edges on the axis. In example
(A) of Figure 7.6 (page 7-9), the four foreground (white) objects
correspond to the four white spaces between the black rectangles. Note that
the white areas at each end of the gage do not qualify as foreground objects,
since they are outside the first and last detected edges on the gage.
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In example (B) of Figure 7.6, the two foreground (white) objects correspond
to the two white rectangles. These rectangles stand out in the binarized image
as a consequence of the settings of the binary thresholds.

Figure 7.6 Examples: Counting Foreground Objects (Binary)

Toolset 1.Tool 2 Edit

Operation Fgrnd Objects
Mode Binary

Shape Line

Filtexr 1

Hidth 1

Hominal

Toolset 1.Tool 2 Edit

Opepration Fgrnd Ohbjects
Mode Binary

Ehape Line

Filtexr 1

Hidth 1

Hominal

Binary Gaging Mode: Background Objects

Background objects are those objects containing black pixelsthat lie
completely between the first and last detected edges on the axis. In example
(A) of Figure 7.7 (page 7-10), the five background (black) objects
correspond to the five black rectangles.

In example (B) of Figure 7.7, the three background (black) objects
correspond to the three dark rectanglesin the image. These abjects stand out
in the binarized image as a consequence of the settings of the binary
thresholds.
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Figure 7.7 Examples: Counting Background Objects (Binary)

A

Toolset 1.Tool 2 Edit

O

Toolset 1.Tool 2 Edit

Operation| Bgrnd Obidects
Mode Binary

Shape Line

Fil texr 1

Hidth 1

Hominal

e
%

Gray Scale Gaging Maode: Foreground Objects

Foreground objects are those objects that lie completely between the first and
last detected edges, and whose pixels are lighter than the adjacent pixels —
the pixels on both sides of the object. (Note that the edges stand out as a
consequence of the settings for edge detection parameters.)

Example (A) of Figure 7.8 (page 7-11) is a straightforward example in
which four foreground (light) objects correspond to the four white spaces
between the black rectangles.

Example (B) of Figure 7.8 is amore complex example in which four
foreground (light) objects are identified. The first two foreground objects
pertain to the two lightest rectangles, since the pixels within each of these
rectangles are lighter than the pixels adjacent to each rectangle. The second
two “objects’ include the first pair; that is, the first two objects are “ nested”
inside the second two abjects.
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Figure 7.8 Examples: Counting Foreground Objects (Gray Scale)

Toolset 1.Tool Z Edit

Operation Fgrnd OkbkJjects
Mode Gray
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Toolzet 1.Tool 2 Edit
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Mode Gray

Shape Line

Filtexr i

Hidth 1
NHominal

Figure 7.9 uses agraph to illustrate the relative gray scale values along the
gage, and to demonstrate that both sets of objects satisfy the definition that a
foreground object is one whose pixels are lighter than the adjacent pixels.
Thus, object 1 is nested in object 3, and object 2 is nested in object 4, in this
example.

Figure 7.9 Example: Identifying Foreground Objects (Gray Scale)

"

\\\?_/// \\\T_///
Darker Object 1 Object 2
Object 3 Object 4

Note that in both examplesin Figure 7.8 the white areas at each end of the
gage do not qualify as foreground objects, since they are outside the first and
last detected edges on the gage.
7-11
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Gray Scale Gaging Mode: Background Objects

Background objects are those objects that lie completely between the first and
last detected edges, and whose pixels are darker than the adjacent pixels —
the pixels on both sides of the object. (Note that the edges stand out as a
consequence of the settings for edge detection parameters.)

Example (A) of Figure 7.10 is a straightforward example in which five
background (dark) objects are identified that correspond to the five black
rectangles.

Figure 7.10 Examples: Counting Background Objects (Gray Scale)

Toolset 1.Tool 2 Edit

Toolset 1.Tool 2 Edit

Operation EBgrnd Ohdects
Mo de Gray

Shape Line

Filtexr i

Hidth 1

Hominal

Example (B) of Figure 7.10 is a more complex example in which four
background (dark) objects are identified. The first three background objects
pertain to the three darkest rectangles, since the pixels within each of these
rectangles are darker than the pixels adjacent to each rectangle. The fourth
“object” includes the second of the first three objects; that is, the second
object is“nested” inside the fourth object.

Figure 7.11 (page 7-13) uses agraph to illustrate the relative gray scale
values along the gage, and to demonstrate that both sets of objects satisfy the
definition that a background object is one whose pixels are darker than the
adjacent pixels. Thus, object 2 in this example is nested in object 4.
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Figure 7.11 Example: Identifying Background Objects (Gray Scale)

n

Object 1 Object 2 N
Darker Object 3
Object 4
Edges

This gage operation is available when you select either the binary gaging
mode or the gray scale gaging mode. The edge counting operation counts the
total number of edges that are detected along the length of the gage.

Figure 7.12 illustrates a linear gage using the edge counting operation. In this
example, the gray scale gage finds ten edges, one on each side of the black
rectangles.

Note that the upper part of Figure 7.12 shows the ten edges as you would see
them after setting the edge detection parameters. Each detected edgeis
indicated by across (+) symbol.

Figure 7.12 Example: Counting Edges

Toolset 1.Tool 2 Edit

Operation
Mode
Ehape
Filtexr
Hidth
Hominal
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Linear Measure

This gage operation is available when you select either the binary gaging
mode or the gray scale gaging mode. The linear measure operation measures
the distance between any two edges along the length of the gage. Figure 7.13
shows alinear gage using the linear gaging operation.

Figure 7.13 Example: Measuring the Distance Between Two Edges

=E====

A

Toolset 1.Tool Z2 Edit

Note that the upper part of Figure 7.13 shows all ten edges as you would see
them after setting the edge detection parameters. Each detected edgeis
indicated by a cross (+) symbol.

X Position

This gage operation is available when you select either the binary gaging
mode or the gray scale gaging mode. The X position operation measures the
absolute horizontal position of a specified edge along the length of a gage.
The X position is reported in pixels, with the origin (0 coordinate) being the
left boundary of the image.

Figure 7.14 (page 7-15) shows alinear gage using the X position operation.
In this example, the X position of the selected edge is 164 pixels from the left
boundary of the image.
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Figure 7.14 Example: Reporting the X Coordinate of a Single Edge

Toolzet 1.Tool 2 Edit

Operation X Position
Mode Binary

Ehape Line

Filter 1

Hidth 1

Hominal

Y Position

This gage operation is available when you select either the binary gaging
mode or the gray scale gaging mode. The Y position operation measures the
absolute vertical position of a specified edge along the length of agage. The
Y position is reported in pixels, with the origin (0 coordinate) being the top
boundary of the image.

Figure 7.15 shows alinear gage using the Y position operation. In this
example, the Y—axis position of the selected edge is 212 pixels from the top
boundary of the image.

Figure 7.15 Example: Reporting the Y Coordinate of a Single Edge

Toolset 1.Tool 3 Edit
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NOTE: The following gage operations apply only to arc gages. For
information about the pick and place operations that are unique to arc gages,
refer to Chapter 5, Pick and Place Functions, under the Arc Gages heading
on page 5-3.

Theta (Arc and Circle Gage Only)

This gage operation is available for arc and circle gages using either the
binary gaging mode or the gray scale gaging mode. The theta operation
measures the absolute angle of arc defined by an edge on an arc gage. The
angleis reported in degrees relative to the X—axis (at the 0° position) and
measuring clockwise from the origin.

Figure 7.16 shows an example of an arc gage using the theta operation to
measure the angle formed by aradius of acircle and the X—axis.

Figure 7.16 Example: Measuring the Theta Angle

Toolzet 1.Tool 2 Edit

Operation Theta
Mode Gray
Shape

Filtexr i
Hidth 1

Mominal 315.6826

Note that the measured angle for any edge is independent of the number of
degrees of arc of the arc gage, or whether the search direction is head—to—tail
or tail-to—head.

Wedge Angle (Arc and Circle Gage Only)

This gage operation is available for arc and circle gages using either the
binary gaging mode or the gray scale gaging mode. The wedge angle
operation measures the relative angle of arc between two edges on the arc
gage. Thevalueisreported in degrees and is measured clockwise from the
first edge (feature A) and the second edge (feature B).
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Figure 7.17 shows an arc gage using the wedge angle operation to measure a
“wedge” angle formed by two edges (“features’) on the arc gage and the
implied center of the gage.

Figure 7.17 Example: Measuring the Wedge Angle

Toolset 1.Tool 2 Edit

Feature A —» Operation Hedge Angle
Mode Gray

Shape

Filtexr

Hidth 1
Hominal 21.673

Wedge

FeatureB —»

The wedge angle operation aways measures the angle from feature A on the
gage clockwise to feature B. In the example, feature A islocated at 315°
relative to the X—axis, and feature B islocated at 45°. Thus, the wedge angle
is about 90° in this example. (If the positions of features A and B were
reversed, the wedge angle would be about 270°.)

Chord Angle (Arc and Circle Gage Only)

This gage operation is available for arc and circle gages using either the
binary gaging mode or the gray scale gaging mode. The chord angle
operation measures the absolute orientation of the chord formed between two
edges (features A and B) on an arc gage. The value is reported in degrees and
is measured clockwise from the origin (the 0° position of the X—axis).
Feature A islocated on the X—axis and is the center of rotation.

Figure 7.18 (page 7—18) shows an arc gage using the chord angle operation
to measure the angle between a chord across the arc gage and the X—axis. In
this example, with feature A located on the X—axis, feature B is rotated about
22° clockwise from the X—axis. If the positions of features A and B were
reversed, the chord angle would be about 202°.
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Feature Selection
Functions

7-18

Figure 7.18 Example: Measuring the Chord Angle

Toolset 1.Tool 2 Edit

Feature A Feature B

The following six gage operations employ “features’ to identify the edges
used for ameasurement: X position, Y position, linear measure, theta,
wedge angle, and chord angle.

A gage can detect several edges, of which only one or two are required for
the measurement. Thus, the edge selection functions enable you to select
particular edges, or other features related to the edges, and determine other
aspects of the search for these edges, including search direction and search
mode. These subjects are discussed in detail in this section.

When you pick either of the IEZSZ=a buttons on the tool edit panel, a Define
Feature selection panel appears, as shown in Figure 7.19 (page 7-19).

The threshold and filter settings, along with the width selection, determine
which light/dark transitions along a gage are detected as edges. The purpose
of the feature selection function is to specify which of these edges (or
midpoints between edges) are to be identified as “features,” used as the basis
for the inspection operation. Each of these features is defined by an offset.

Note that some gage operations, such as X Position, need to specify only one
feature, while other operations, such as Linear Measure, need to specify

two features. In the first case, only the [IEXSEEl button is active; in the
second case, the IS button and the [IEXEE=E button are both active.

In addition to specifying the appropriate offsets, the feature selection process
also specifies the edge search direction and the edge search mode.
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Figure 7.19 Example: Selecting the Define Feature Selection Panel
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Hereisabrief description of the feature selection functions:
e Mode — The mode function selects a particular group of edgesthat a
gage evaluates when searching for a specified feature.

e Dir — The search direction function selects the direction of the search for
the specified features along the length of the gage.

e Offset — The offset function enables you to identify one edge, or a
midpoint between two edges, as the specified feature.
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Mode

When you pick the Mode field in the Define Feature menu, the Feature
Mode selection menu appears on the screen, as shown in Figure 7.20.

Figure 7.20 Feature Mode Selection Menu

Feature Mode

=EnAall Edges
CMax OhJject
CMax F.OkJject
CMax B.ObJject

The feature modes are described briefly as follows:

e All Edges— Thisfeature mode causes the gage to include all detected
“edges’ along itslength in its search for a specified feature (this includes
edges and all midpoints between each pair of consecutive edges, the
center between the extreme edges, and the starting end of the gage).

e Max Object — This feature mode restricts the search for a specified
feature to the leading edge and the midpoint of the largest identified
“object” aong the length of the gage.

e Max F. Object — This feature mode restricts the search for a specified
feature to the leading edge and the midpoint of the largest identified
“foreground object” along the length of the gage.

e Max B. Object — This feature mode restricts the search for a specified
feature to the leading edge and the midpoint of the largest identified
“background object” along the length of the gage.

NOTE: Theterms“foreground object” and “background object” have
different meanings for binary and gray scale gaging modes. Refer to the
Foreground Objects; Background Objects section on page 7-8 for
definitions of these terms.
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All Edges

The all edges feature mode enables you to specify an edge from among the
following points along the length of the gage:

e All edges detected as aresult of the threshold/filter settings.

e The head of the gage when using the head—to—tail search direction, or the
tail of the gage when using the tailto—head search direction.

e The midpoints between adjacent pairs of edges.
e The center point between the first edge and the last edge.

Figure 7.21 uses alinear gage and the binary gaging mode to illustrate the
potential edges with the all edges feature mode enabled.

Figure 7.21 Example: All Edges Along a Line Gage

“ Ta_l I ”
of gage

Midpoints

Max Object

The maximum object feature mode enables you to specify an edge from
among the following points on the gage:
e Thefirst edge (offset 0.0) of the maximum-—size object.

e Themidpoint (Center) between the first edge and the last edge of the
maximum-si ze object.
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Max F. Object

The maximum foreground object feature mode enables you to specify an edge
from among the following points on the gage:

e Thefirst edge (offset 0.0) of the maximum-size foreground object.

e The midpoint (Center) between the first edge and the last edge of the
maximum-si ze foreground object.

Max B. Object

The maximum background object feature mode enables you to specify an
edge from among the following points on the gage:

e Thefirst edge (offset 0.0) of the maximum—size background object.

e Themidpoint (Center) between the first edge and the last edge of the
maximum-—si ze background object.

Figure 7.22 uses alinear gage and the binary gaging mode to illustrate all
three of the “object” feature mode selections.

Figure 7.22 Example: Three Object Feature Modes

Maximum object
and maximum
background object

—
First
edge
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Midpoint Maximum
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Direction

The search direction is the direction used to search for an edge along the
length of the gage. The two available choices are these: Head to Tail and
Tail to Head.

When you pick the Dir menu field (in the Define Feature menu)
successively, it toggles to the opposite direction. Thus, Head to Tail changes
to Tail to Head, and vice versa.

Head to Tail causes the edge search to begin at the “head” of the gage; Tall
to Head causes the edge search to begin at the “tail.” Note that in the Pick &
Place panel, the position of the head of the gage is defined by the X1 and Y1
coordinates, while the position of thetail is defined by the X2 and Y2
coordinates.

The choice of search direction should be based upon which one leads most
directly to the specified edge. Normally, the best search direction is the one
inwhich afalse edgeisleast likely to be encountered.

Offset

The current offset location isidentified on the screen by a“+” symbol. You
can change the offset location by picking the Offset field successively.

When you pick the Offset menu field successively, the offset marker (+)
moves along the line gage in the selected search direction. The displayed
offset will be one of these:

e Fixed — Thisrefersto the head of the gage for the head-to—tail search
direction, or the tail for the tail-to—head search direction.

e Center — Thisrefersto the midpoint between the first edge and the last
edge.

e 10,20, etc. — Thisrefersto an edge specified by number.
e 15 25, etc. — Thisrefers to amidpoint between two adjacent edges.
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Gage Tool Inspection This section discusses the inspection results that are available to a math tool

Results and Math Tool formula from a gage tool. The specific set of results depends on the specific

Formulas gage tool operation. As Figure 7.23 shows, the inspection results that
correspond to any particular gage tool operation will appear in one of three
lists.

Figure 7.23 Expanded Results Lists For Gage Tools in Math Formulas

Count pixels, count X position, Linear measurement,
objects, count edges Y position, theta wedge angle, chord angle
Execute Execute Execute
Pass Pass Pass
Warn Warn Warn
Fail Fail Fail
Total Total Total
Faults Faults Faults
Fail High Fail High Fail High
Warn High Warn High Warn High
Warn Low Warn Low Warn Low
Fail Low Fail Low Fail Low
Result Result Result
Samples AX AX
Min Ay Ay
M ax Samples Bx
Sum Min By
Sum2 M ax Samples

Sum Min

Sum?2 M ax

Sum
Sum?2

Hereisabrief definition and explanation of each of the gage result types
listed in Figure 7.23:

e Execute— Thisreturns a 1.000 when the tool has executed its inspection
task, and 0.000 for all other conditions.

e Pass— Thisreturns a 1.000 when the tool has passed its inspection task,
and 0.000 for al other conditions.

e Warn — Thisreturns an “error code” when the tool isin awarn
condition (and not in afail condition) and 0.000 for all other conditions.
The error code identifies a specific reason for the warning; for example,
error code 1057.000 identifies“Low range warning” as the cause. The
complete list of error codes appearsin Appendix A of this manual.
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e Fail — Thisreturnsan “error code” when the tool isin afail condition
and 0.000 for all other conditions. The error code identifies a specific
reason for the failure; for example, error code 1045.000 identifies “High
range fail” as the cause of the inspection failure. The complete list of
error codes and fail conditions appearsin Appendix A of this manual.

e Total — Thisreturnsthe total number of inspections performed.
e Faults— Thisreturnsthe total number of faults detected.

e Fail High — Thisreturns a1.000 when the inspection result from the
tool has exceeded the high Fail l[imit and 0.000 when the result has not
exceeded the high Fail limit.

e Warn High — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the high Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the high Warn
limit.

e Warn Low — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the low Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the low Warn
limit.

e Fail Low — Thisreturnsa1.000 when the inspection result from the
tool has exceeded the low Fail limit and 0.000 when the result has not
exceeded the low Fail limit.

e Result — Thisreturns the actual value of the inspection result; that is, the
measurement, count, or other numeric result from the gage tool. This
value corresponds to the “learned” value that appearsin the “Nominal”
field of the gage tool edit panel.

e Ax — Thisvalue pertains only to a gage tool configured for linear
measurement, X or Y position, theta, wedge, or chord operations. “AXx”
returns the value of the X coordinate of Feature A.

e Ay — Thisvalue pertains only to a gage tool configured for linear
measurement, X or Y position, theta, wedge, or chord operations. “Ay”
returns the value of the Y coordinate of Feature A.

e Bx — Thisvaue pertains only to a gage tool configured for linear
measurement, wedge, or chord operations. “Bx” returns the value of the X
coordinate of Feature B.

e By — Thisvalue pertains only to a gage tool configured for linear
measurement, wedge, or chord operations. “By” returns the value of the Y
coordinate of Feature B.

e *Samples— Thisreturns the current total number of inspection samples
since the start of run operation.
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e *Min — Thisreturns the current minimum value of the inspection results
since the start of the run operation.

e *Max — Thisreturns the current maximum value of the inspection results
since the start of the run operation.

e *Sum — Thisreturns the current sum of all inspection results since the
start of the setup or online run operation.

e *Sum2 — Thisreturns the current sum of the squares of all inspection
results since the start of the setup or online run operation.

*These statistical results are available only when atool is enabled for
statistics operations, as indicated by a checked Statistics box in thetool’s
Options selection panel.
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This section discusses windows and the inspection functions (“ operations”)
that the windows can perform.

Once you have selected awindow as outlined in the Overview: Inspection
Tool Selection Process section (page 7-1), you can configure it for an
inspection application by picking the Window field in the tool set edit panel.
When you do, the window tool edit panel appears, as shown by the example
in Figure 7.24.

Figure 7.24 Example: Selecting the Window Tool Edit Panel
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Note that in Figure 7.24 the window is shown in its default shape (rectangle)
and position on the screen.

The window tool edit panel (named “ Toolset 1.Tool 5 Edit” in Figure 7.24)
contains several parameter selection fields and buttons, which are described
briefly asfollows:

e Operation — Thisfield provides access to the selection of one of the
window “operations.” The default window operation is White Pixels,
which is a pixel—counting operation.
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e Two Pass— Thisfield is active only after a destination buffer is assigned
to awindow tool. When Two Pass is enabled, the window tool performs
a second image processing pass, during which it eliminates inside border
pixelsthat are actually artifacts of the morphology processing used on the
first processing pass. (The destination buffer appearsin Figure 7.24 as
“P1” under the “Dest.” in the toolset edit panel. Note that while this
buffer isrequired for Two Pass operation, it is also available to other
tools as an alternate S1 image source.)

e Window Shape — Usethisfield to pick one of five window shapes,
according to the requirements of your application.

e Fast Unwrap — Thisfield is active only when the Arc Ring window
shapeis selected. When enabled, the “unwrap” function operates faster,
but requires about 1K bytes more memory.

e Mask Shape — Usethisfield to pick one of three mask shapes, when
appropriate for your application. The default selection is None.

e Mask Mode — Usethisfield to pick either the Dynamic or the Static
mask mode. The difference is that the dynamic mode runs somewhat
slower, but uses less image memory; whereas, the static mode runs faster,
but requires more image memory. The default selection is Dynamic.

e Nominal — When you pick thisfield, the currently selected and
configured window performs atest operation, and the resulting inspection
results data appear in thisfield. The type of results data depends on the
selected window operation. Theinitial valueisO.

e P&P Window — The IEZEZ==a button activates the window pick and
place function. For details about this function, see Chapter 5, Pick and
Place Functions.

e P& P Mask — The ISR button activates the window mask pick and
place function.

e Thresh/Filter — The IEE==ax=al button accesses the threshold and/or
morphology filter selection panels. For details about this function, see
Chapter 8, Thresholds, Filters, and Morphology.

e Ranges— The = button accesses the range-selection panel, which
defines limits for window inspection results.

e Target — The [IEESZZa button is active only for object—counting window
operations. When you pick this button, you access the cursors that set the
high and low area limits for the inspected objects.

e Done— When you pick the IEEZl button, the system exits back to the
toolset edit panel.
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A window can be selected when the toolset edit panel is on the screen.
Starting from the main menu bar, the selection path to this panel is as
follows: Editors — Configuration — Setup — Tools. This selection path
is shown by the example in Figure 7.1 (page 7-2).

Hereisasummary list of the basic window selection and configuration steps,
listed in their normal order of performance:

1. Select the appropriate window operation.

Select the window shape.

“Pick and place” the window.

Select the mask shape and mode.

“Pick and place” the mask.

Select thresholdffilter. (For details, see Chapter 8, Thresholds, Filters,
and Mor phology.)

Learn the nominal value.
Select the ranges.

SN L S

Sl

Each of the windows can be configured as arectangle, circle, ellipse, arc
ring, or polygon, according to the requirements of your application. Note that
you can “pick and place” the window anywhere within the image field and
set it to any size, so long asit remains entirely within the image field.

When you pick the Window Shape field in the window tool edit panel, the
Window Shape selection panel appears, as shown in Figure 7.25.

Figure 7.25 Window Shape Selection Panel

Window Shape

mRectangle
OCircle
DEllipse
Chare Ring
CPolugon

Hereisabrief description of the window shapes:

e Rectangle — The sides of arectangular window are aligned with the
vertical and horizontal axes of the image field (except when receiving
rotation compensation from areference tool).

e Circle— The circle window consists of asingle circle—shaped window
that can be adjusted in size (radius) and position.
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e Ellipse — The axes of an dlliptical window are always aligned with the
vertical and horizontal axes of the image field.

e Arc Ring— Thearc ring window consists of a concentric outer and inner
arc ring, connected at each end of the arc, and a separate rectangular
“destination” window. The image area between the arc rings is
“unwrapped” and displayed in the destination window.

e Polygon — A polygonal window can have any number of sides from
three to 16. You can configure a polygonal window so that it conforms to
virtually any shape.

Thearc ring “shape” window has unique capabilities that differ from the
functions of the other window shapes (rectangle, ellipse, circle, and
polygon). In particular, an arc ring window can perform an “unwrap”
function, which can be used to examine circular features and, by
“unwrapping” them, process them as though they were linear.

An arc ring window consists of acircular “image” window and a rectangular
“destination” window. The image window consists of an outer arc and a
concentrically positioned inner arc, with the two ends connected. The arc
size (in degrees) can be increased to 360°, or decreased to asize (in degrees)
that varies with the radius of the inner arc.

Figure 7.26 illustrates the unwrapping effect of an arc ring window, with the
circular array of lettersin the image window appearing as alinear array in
the destination window.

Figure 7.26 Example: Unwrapping Effect of Arc Ring Window

™m

The pick and place procedure for the arc ring window is comparable to the
procedure for arc gages, while the pick and place procedure for the
destination window is the same as for rectangular windows. For details, refer
to Chapter 5, Pick and Place Functions.
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NOTE: The destination window is normally configured with the vertical
axis longer than the horizontal axis, since the unwrapped image datais
displayed vertically. The aspect ratio of the destination window should be
adjusted as needed to optimize the appearance of the part or item being
inspected.

In operation, the arc ring window processes (and “unwraps’) the image area
lying between the inner and outer rings of the image window, then displays
the unwrapped and processed image vertically in the destination window.

Figure 7.27 is an example that illustrates using an arc ring window to detect a
flaw inacan lid. In this example, the image window is centered over the
circular lid, and the arc is positioned to exclude the wedge—shaped opening in
the lid, which is regarded as a normal feature of thelid.

Figure 7.27 Example: Using Arc Ring Window to Detect Flaw

Evsvivavment  Fiils Bditovs Feourily
= Toolsetii
Torie Bisplay  Bons

Edit "Toolsetil.Tool 3"

Operation Black FPixels
Two FPass
Hindow f£hape Arc Ring

Fast Unwrap Disakled

Mask Shape
Mask Mode
MHominal

Note that the portion of the lid within the image window has adlitinit,
which isregarded aflaw in this example. The flaw also appearsin the
destination window, which is positioned alongside to the left.

In this example, the window is configured to count black pixels, since any
flaw in the can lid would be recorded as black pixels. Ideally, no black pixels
would be detected, and the black pixel count would thus be zero. As

Figure 7.27 shows, however, the flaw has resulted in a black pixel count of
303, which appeared in the Nominal field following a“learn” operation.
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Window Operations When you pick the Operation field in the window tool edit panel, the
Window Operation selection panel appears, as shown in Figure 7.28.

Figure 7.28 Window Operation Selection Panel

Window Operation

HMWhite Pixels

(D Black Pixels
CiHhi te Contours
D Black Contours
O Luminance

Table 7.2 lists al of the window operations, along with the applicable
window shapes and mask availability.

Table 7.2 Summary of Window Operations

Window Operation Window Shape Mask?
White pixels All Yes*
Black pixels All Yes*

White contours All Yes*
Black contours All Yes*
Luminance Rectangular and arc ring No

*Not available with a polygonal window

White Pixels; Black Pixels

These two operations count the number of black or white pixels within the
window boundaries. Since the image within the window is binarized, the
workpiece features become either white or black, according to the threshold
settings.

The main purpose of a pixel—counting window operation is to measure the
total area, in pixels, of the specified workpiece feature(s).

Figure 7.29 (page 7-33) is an example that illustrates using a rectangular
window and the white pixel—counting operation to measure the total area of
the 15 white circular features on a black workpiece.

7-32
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 7

Inspection Tools

Figure 7.29 Example: Using the White Pixel Counting Operation

Toolset 1.Tool 5 Edit

Operation Hhi te Pixels
Two FPass

Hindow Shape Rectangle
Fast Unwrap

Mask Shape Hone

Mask Mode Dunamic
Hominal 14142

Note in Figure 7.29 that the “Nominal” value shows atotal of 14142 white
pixels — the sum of the white pixelsin the 15 circular features.

NOTE: When counting black pixels, the image will be inverted so that the
black pixels are displayed as white pixels on the screen, and vice versa.

Figure 7.30 is an example that illustrates using a rectangular window and the
black pixel—counting operation to measure the total area of 15 black circular
features on a white workpiece. In this example, the workpiece and its features
are the same size as the workpiece and features in Figure 7.29.

Figure 7.30 Example: Using the Black Pixel Counting Operation

—
Toolset 1.Tool § Edit

Operation Black Pixels
Two Pass

Hindow fhape Rectangle
Fast Unwrap

Mask Shape

Mask Mode

Hominal

Note in Figure 7.30 that the “Nominal” value shows atotal of 15201 black
pixels — the sum of the black pixelsin the 15 circular features (even though
the “black” features appear white on the screen).

7-33
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 7

Inspection Tools

White Contours; Black Contours

These two operations identify black or white objects within the window
boundaries. The image is binarized into groups of black and white features
called contours, and each contour can be analyzed on the basis of its area,
shape, orientation, and/or other physical characteristics.

A contour window counts all contours whose color (black or white) and
selected physical measurements qualify them as objects.

The inspection result is the number of contours that qualify as objects. For
example, if awindow contains 18 black features, but only 12 satisfy all of
the measurement limits, the result from the contour operation will be to
identify and count 12 objects.

Figure 7.31 shows awindow using the black contours operation to count the
number of black objects within the window’s boundaries.

Figure 7.31 Example: Using the Contour Operation

Toolzet 1.Tool 5§ Edit

Operation Black C tours

Two Pass

Hindow Shape

Fast Unwrap

Mask Shape MHone
Mask Mode Dynamic
Hominal 15

I FP&F Hindow
Thr-esh/Filter- Ranges
Target Done

For the purposes of this discussion, an object is a contour whose area and/or
other measurement criteria meet user—specified limits.

White object: agroup of contiguous white pixels surrounded by black
pixels (within the window boundary).

Black abject: agroup of contiguous black pixels surrounded by white pixels
(within awindow boundary).

Both objects can range in size from one pixel to the total number of pixelsin
the window.
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Target Panel

The Target panel enables you to specify the measurement functions that
determine which contours the window will identify and count as “objects.”

When you pick the [IESZZa button in the window tool edit panel, the Target
panel appears on the screen, as shown in Figure 7.32.

Figure 7.32 Target Panel

A A A - - e L= e e

Hereisabrief description of the fields and buttonsin the Target panel.

e Contour measurement fields — These fields enables you to “ activate”
the specific measurement functions that the contour window uses for a
particular inspection application. The measurement functions evaluate
each contour in the window, and it is their collective criteria that
differentiates contours that qualify as “objects’ from those that do not.
The“Area” measurement function is activated by default.

e Options— When you pick the button, the Contour Options
selection panel appears on the screen. This panel enables you to select the
window border color, include or exclude “holes’ in contours, the
maximum number of measurement results to be stored, and the “ nearest
neighbor” function.

e Pick Target — When you pick the 3=l button, the Pick Target
display panel appears on the screen. This panel displays all of the
measurement functions. If you pick any contour, measurement values for
that contour will appear alongside each listed measurement function.

e Done— When you pick the Izl button, the system exits back to the
tool edit panel.
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Contour Measurement Fields

The contour measurement fields consist of three columns whose contents and
functions are described briefly as follows:

Right Column — This column contains the full list of contour measurement
functions. Here is a brief description of each:

e *Height — Thisisthe distance, in pixels, from the topmost to the
bottommost part of the object,.

e *| ength — Thisisthe distance, in pixels, from the leftmost to the
rightmost part of the object.

e *Perimeter — Thisisthe distance, in pixels, around the object.

e *Roundness— Thisis a percentage measure of the degree to which the
perimeter of an object is circular. Thus, a perfectly circular perimeter
would yield 100% with the roundness measurement.

e *Area— Thisisthe area of the object, in pixels.

e X Center — Thisisthe position of the centroid of the object, in pixels,
aong the X—axis of theimage field.

e Y Center — Thisisthe position of the centroid of the object, in pixels,
along the Y—axis of theimage field.

e |nertia— Thisisameasure of the distribution of massin an object.

e Circularity — Thisis a percentage measure of the degree to which the
overall object is circular, not just the perimeter. Thus, an object may have
high circularity even when the perimeter is not circular (example: agear
with its teeth).

e Theta— Thisisameasure of the angle between the major axis of an
object and the X—axis of theimage field.

e Theta Minor — Thisis ameasure of the angle between the minor axis of
an object and the X—axis of the image field.

e Min Radius— Thisisthe distance, in pixels, from the centroid of an
object to the nearest point on the contour of the object.

e Max Radius— Thisisthe distance, in pixels, from the centroid of an
object to the farthest point on the contour of the object.

e **H Size— Thisisthe length of an object along its minor axis.
e **| Size— Thisisthelength of an object aong its major axis.

*These measurement functions are always calculated, even if they are not
enabled. Each of the remaining functions require additional calculation time;
thus, selecting one (or more) of these functions will increase the total
calculation time.

**These measurement functions are active only for Catalog No.
5370-CVIM2AC, which is a CVIM2 modul e equipped with an Advanced
Contour Extractor (ACE) daughter board.
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NOTE: You can change the status of each measurement function to either
active or inactive, according to whether it is required for a particular
inspection application.

When you pick an active measurement function name in the measurement
configuration table, such as*Area,” a“Target” slide bar panel appears, as
illustrated by the “Target Area” dlide bar panel in Figure 7.33.

Figure 7.33 Example: Selecting “Target” Slide Bar Panel for Area Measurement Limits

Ma le+85

T T T T T =T

Hereisabrief description of each item in the slide bar panel. (The Target
Area dlide bar pandl serves as an example for the other measurement
functions, since they all use the same kind of slide bar panel.)

e Slide bar — The function of the slide bar cursorsisto set high (“Max”)
and low (“Min”) limits for the area of the contours that you want to be
counted as aobjects.

e Max — Picking thisfield enables you to enter directly the maximum area
(in pixels) of the contours to be counted as objects. Thisisused in place
of the slide bar to enter values directly and will aso rescale the slide bar
on the basis of the value entered.

e Min — Picking thisfield enables you to enter directly the minimum area
(in pixels) of the contours to be counted as objects. Thisisused in place
of the dlide bar to enter values directly and will also rescale the slide bar
on the basis of the value entered.

e Done— When you pick the IZZl button, the system exits back to the
Target panel.
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Note in Figure 7.33 that the Max and Min values are 100000 (using scientific
notation: 1e+05) and O, respectively. These are the default areavaluesin
pixels. In this case, since the area of each black object in the window lies
somewhere between 0 and 100000 pixels (and no other measurement
functions are active) each contour has a yellow border.

If you aready know the maximum and minimum area values for your
application, you can enter those values directly by picking the Max and Min
fields. If not, you can use the Pick Target function to measure the area of the
appropriate objects, then enter the appropriate high and low area limit values
directly into the Max and Min fields. (Refer to the Pick Target Panel section,
on page 743, for details.)

As aresult of these Max and Min settings, the contour window will count as
objects only those contours of the selected color whose area is within the
selected limits.

Generally, contours that satisfy the limits of all of the active measurement
functions (when two or more measurement functions are active) are
displayed with ayellow border, and thus qualify as objects. On the other
hand, if no measurement functions are active, all contours (of the selected
color) qualify as objects.

NOTE: In some casesthere may be too many contours to process; thus, no
contours will be displayed regardless of the status of the measurement
functions or their limit settings, and no objects will be counted. An
appropriate error message will be displayed when you select “Nominal” to
“learn” the number of objects. If this occurs, you can increase the “ scratch”
memory size in the configuration editor (Inspection panel) or use
morphology to decrease the complexity of the image.

Center Column — This column selects the status of a measurement

function as active (Y) or inactive (N). When a specific measurement function
is active, its range limits determine which contours qualify as objects insofar
as that measurement function is concerned. However, in order for any
contour to qualify as an object, its measurement values must satisfy the limits
of all active measurement functions.

Left Column — Thiscolumnusesa*“ +"” or “ —” symbol to select one of the
measurements as the basis for ordering the contoursin the image field.
Contours are ordered in either ascending or descending order according to
the selected measurement parameters. Ordering the contours is provided for
math tools and communi cation messages.

The order of the numbersis determined by both the sel ected measurement
and the symbol. Figure 7.34 (page 7-39) provides some examples that
illustrate this relationship. Note the changes in the locations of the numbers.
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Figure 7.34 Examples: Selecting Basis for Numbered Displays
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In example (A), the“ +” symbol appears on the “Area” line. The numbers 1
through 10 identify the objects, on the basis of their area, in ascending order
— from the smallest to the largest of the 15 objects in the window. In this
example, the smallest object (1) contains 1047 pixels, and the largest object
(10) contains 1246 pixels. The areas of abjects 2 through 9 lie between these
two values.

In example (B), the“ —" symbol appears on the “Area” line. The numbers 1
through 10 identify the objects on the basis of their area — in descending
order — from the largest to the smallest. In this example, the largest object
(1) contains 1309 pixels, and the smallest (10) contains 1080 pixels. The
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areas of objects 2 through 9 lie between these two values. Thus, the window
measures the largest ten objects.

In example (C), the“ +" symbol appears on the “Height” line. The numbers
1 through 10 identify the objects on the basis of their height — in ascending
order — from the shortest to the tallest. In this example, the shortest object
(1) is 34 pixelsin height, and the tallest object (10) is 38 pixelsin height.
The heights of objects 2 through 9 lie between these two values. Thus, the
window measures the shortest ten objects.

NOTE: The status of a measurement function (Y = active; N = inactive) has
no effect on the sorting function. Also, the maximum possible number of
numbered objects (when all contours are recognized as objects) can be
limited by the current Max Results setting. Thus, in the examples above, all
15 contours are recognized as objects, but since the Max Results setting is
10, only the first ten are numbered and measured.

Contour Options Panel

When you pick the button in the Target panel, the Contour Options
selection panel appears, as shown by Figure 7.35.

Figure 7.35 Selecting Contour Options Panel

Contour Options

Black
Include
Max Results 18

Hearest MHeighhor

Doverall

Hereisabrief description of the fields and button in the Contour Options
selection panel.

e Border — Thisfield selects either awhite border or a black border for
the window, with the following consequences:

— If the border color selection is Black, any black group of pixels that
touches the border is not a contour.

— If the border color selection is White, any white group of pixels that
touches the border is not a contour.
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e Holes— Thisfield determines whether to Include or Exclude “holes’ in
contours (for example, white holesin black features) in calculating the
area, X and Y centers, inertia, circumference, and theta of the contours.

e Max Results— Thisfield enables you to enter the maximum number of
measurement results that can be stored in memory. The default setting is
10. The range limits are 0 and 100.

e Nearest Neighbor panel — This selection panel enables you to activate
the nearest neighbor function and select a direction for the “Nearest” and
“NearestBox” contour measurement functions.

e Done— When you pick the [IEEZE button, the system exits back to the
Target panel.

Here are some additional details about the Max Results and Nearest
Neighbor functions:

Max Results function — The Max Results number, as noted above, limits
the number of measurements whose results values are stored in memory.
Thus, if the contour window recognizes 15 contours as objects, but Max
Results is set to 10, then only the measurement results for objects 1 through
10 can be stored.

The specific results values that are stored depend on which measurement
functions are active. For example, if the Area and Height measurement
functions are both active (a“Y” symbol aongside), the results data from
these two measurement functions will be stored for all objects up to the Max
Results number.

The utility of the stored results data is that they can be accessed by math tool
formulas and by the communi cations message editor. For information about
these uses of the results data, refer to the Math Tool section in Chapter 7,
Inspection Tools, and the CVIM2 Communications Reference Manual.

Nearest Neighbor function — This function identifies the object that is the
“nearest neighbor” to atarget object according to user specified direction
criteria, and it returns two values for the distance, in pixels, between the
target object and its “ hearest neighbor,” as follows:

1. The“Near” value, which isthe distance between the centroid of one
object and the centroid of the nearest object, and

2. The“NearBox” value, which isthe distance between the closest edges
of one object’s bounding box and the nearest object’s bounding box.

These two values are available as “expanded results’ in a math tool formula
that references awindow tool that is configured for a contour operation.
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The Nearest Neighbor selection panel (Figure 7.35, page 7—40) enables you
activate the nearest neighbor function and select adirectionin which to
search for the nearest neighbor, as follows:

e None— This selection disables the nearest neighbor function.

e Up, Down, Left, Right — These selections correspond to the nearest
neighbor above, below, to the left of, and to the right of the target object.

e Overall — This selection corresponds to the nearest neighbor in any
direction.

Figure 7.36 is an example that compares the “Near” result, which measures
the distance between two objects’ centroids, and the “NearBox” resullt,
which measures the distance between two objects’ bounding boxes.

Figure 7.36 Example: Comparing “Near” and “NearBox” Results

Pick Target
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Round =
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In this example, “Up” was selected in the Nearest Neighbor selection
panel, and the lower of the two objects was then picked (it has ared border
when picked). Note that the distance (A) between the centroids of the two
objectsis 145.5 pixels, while the distance (B) between the closest edges of
the two objects bounding boxes is 57.0 pixels.

When a direction such as“Up” is selected in the Nearest Neighbor panel,
the bounding boxes of the target object and the nearest “Up” object must
overlapin avertical direction in order for the “Up” object to be detected. In
Figure 7.36, the bounding boxes clearly do overlap in the vertical direction;
thus, when the lower object is picked, the two values are calculated. (Note
that if the upper object were picked, in this example no values would be
calculated because there is no object above it in the window.)
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In Figure 7.37, however, the orientation of the two objects precludes any
overlap of the objects’ bounding boxes in either the vertical or the horizontal
direction. Thus, neither “Near” or “NearBox” values are calculated when
“Up,” “Down,” “Left,” or “Right” directions are selected, regardless of
which object is picked as the “target.” In this example “Overall” was
selected, and only the “Near” value (the distance between centroids) is
calculated as 145.8 pixels.

Figure 7.37 Example: No Overlap of Objects’ Bounding Boxes
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NOTE: Range limits cannot be set directly for the two nearest neighbor
values, as they can for contour measurement values. If, however, any range
limits are required for the “Near” or “NearBox” values, they can be
implemented in a math tool formula.

Pick Target Panel

When you pick the IEX=EE=aal button in the Target panel, the Pick Target
panel appears, as shown by the examplein Figure 7.38 (page 7—44).

The left column in this panel lists all of the contour measurement functions,
and the right column displays the measurement results values for these
measurement functions. (Initially, these values are all zero.)
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Figure 7.38 Example: Selecting Pick Target Panel
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When you pick one of the objects in the image field, the measurement results
values for that object appear in the right column of the Pick Target panel, as
illustrated by the example in Figure 7.39.

NOTE: The picked object’s border is highlighted in green when all of its
measurement results values lie within the limits selected for the active
measurement functions (that is, the measurement functions with “Y” selected
in the Target panel. See Figure 7.33 on page 7—37). The object’s border is
highlighted in red if any of these values lie outside a selected limit.

Figure 7.39 Example: Picking Contour to Get Measurement Data
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You can use the Pick Target function to obtain and record the measurement
datafrom al of the appropriate objects. You can then return to the slide bar
panels for the active measurement functions and enter the appropriate
minimum and maximum limit values directly into the corresponding Min and
Max fields.
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Contour Measurement Functions

The contour measurement functions described earlier are mostly self
explanatory. Thus, the height, length, perimeter, area, X and Y center (of
centroid, not midpoint), and minimum and maximum radius measurement
functions are relatively straightforward in concept and implementation.
Roundness, circularity, inertia, and theta are less intuitive, however, and are
therefore discussed here in more detail.

Roundness — Roundness is a measure of how close an object isto being a
perfect circle when the perimeter is smooth and crisp. The measurement is
expressed in percentages, with 100 percent being atheoretically perfect
circle. (A straight line will yield a“roundness’ of about 1 or 2 percent.) The
formulathat the CVIM2 system uses to cal culate roundness in percent is:

4nA
( o ) x 100

... where A isthe area value and P is the perimeter value.

Figure 7.40 (A) (page 7-46) compares the roundness of two figures, acircle
(2) and an €llipse (2), whose area measurements are very close (11,992.0
pixelsfor the circle and 12,052.0 pixels for the ellipse), but whose roundness
values are noticeably different (96.6% for the circle and 83.5% for the
elipse). Thus, the roundness measurement function could be used to
differentiate two objects such as these.

Figure 7.40 (B) compares the “roundness’ of two rectangular figures, one
with sharply squared corners (2) and the other with rounded corners (1),
whose area measurements are very close (18,536.0 pixels for the squared
rectangle and 18,695.0 pixels for the rounded rectangle), but whose
roundness values are noticeably different (75.9% for the squared rectangle
and 86.9% for the rounded—corner rectangle). Thus, the roundness
measurement function could also be used to differentiate two non—round
objects such as these.

The roundness measurement function works best when the perimeter is
smooth and regular and conforms to the basic shape of the object. When the
perimeter is fuzzy or convoluted, however, the roundness value can be
lowered considerably compared to an object of the same basic shape, but
with smooth, regular perimeter. In such cases, the circularity measurement
function may be required.
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Figure 7.40 Example: Comparing Roundness of Various Shapes
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Circularity — Circularity isameasure of how close the basic shape of an
object isto being a perfect circle, and it is expressed in percentages, with 100
percent being atheoretically perfect circle. Circularity measurement is
especially useful when the perimeter of an otherwise circular object is fuzzy
or convoluted. The formulathat the CVIM2 system uses to calculate
circularity in percentis. . .

(#) x 100

... where A istheareavalue and | isthe inertiavaue.

For example, in Figure 7.41, the two shapes are both basically circular and
have similar areas (12,377.0 for the circle vs 12,330.0 for the “flower”
shape). The circle has aregular, smooth perimeter, which resultsin a
roundness of 96.2%, while the flower shape has a convoluted perimeter, and
therefore has a roundness of only 67.8%. Note, however, that the circle has a
circularity of 100.0%, and the flower has a circularity of 98.4%. This
indicates the ability of the circularity measurement function to ignore the
effects of a convoluted edge.

Figure 7.41 Example: Comparing Circularity to Roundness
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Inertia— The sum, over all pixels within the contour, of the squared
distance from the centroid to each pixel. Thisis equivalent to the moment of
inertia of the contour if rotated about its centroid. A contour with its mass
distributed closeto its centroid, such as (A) in Figure 7.42, haslessinertia
than a contour of the same area with its mass widely distributed, such as (B)
in Figure 7.42.

Figure 7.42 Example: Inertia of Two Objects With Identical Areas

Centroid
/ \
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Theta — Theta measures the angle between the major axis of an object and
the X—axis of the image field (assuming 0° at the 3 o’ clock position). Since a
clearly definable major axisisrequired for this measurement function to
work properly, it cannot be used with circular objects.

Figure 7.43 (page 7-49) illustrates the theta angle of two identical elliptical
objects with different orientations in the image field. In this example, the
major axis of object (A) is—37.8° (counterclockwise) from the X—axis, while
object (B) is40.2° (clockwise) from the X—axis.

Note that the maximum measurable angle in each direction is 90.0°
(clockwise) and —90.0° (counterclockwise), since there is no provision for
resolving the direction of the major axis. For example, if the object in
Figure 7.43 (A) were to rotate counterclockwise past the —-90.0° point, its
theta would become positive.

NOTE: Although the angle values appear in the Pick Target panel with an
apparent accuracy of one place to the right of the decimal, the actual values
available to the math tool are stored with the full floating point accuracy.
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Figure 7.43 Example: Theta of Two Objects of Different Orientation
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Theta Minor — Theta minor measures the angle between the minor axis of
an object and the X—axis of the image field (assuming 0° at the 3 0’ clock
position). Since a clearly definable minor axisis required for this
measurement function to work properly, it cannot be used with circular
objects.

Figure 7.44 illustrates the theta angle of two identical elliptical objects with
different orientations in the image field. In this example, the minor axis of
object (A) is.52.2° (clockwise) from the X—axis, while object (B) is—49.8°
(counterclockwise) from the X—axis.

Figure 7.44 Example: Theta Minor of Two Objects of Different Orientation
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Note that the maximum measurable angle in each direction is 90.0°
(clockwise) and —90.0° (counterclockwise), since there is no provision for
resolving the direction of the major axis. For example, if the object in
Figure 7.43 (A) were to rotate counterclockwise past the —90.0° point, its
theta would become positive.

NOTE: Although the angle values appear in the Pick Target panel with an
apparent accuracy of one place to the right of the decimal, the actual values
available to the math tool are stored with the full floating point accuracy.

H Size, L Size— The L Size contour measurement function returns the size,
in pixels, of an object’smajor axis, whilethe H Size function returns the
size of an object’s minor axis, asillustrated in Figure 7.45.

Figure 7.45 Example: H Size and L Size Contour Measurement Functions

H Size

NOTE: These measurement functions are active only for Catalog No.
5370-CVIM2AC, which isa CVIM2 modul e equipped with an Advanced
Contour Extractor (ACE) daughter board.
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Luminance

The luminance window operation cal culates the average luminance, or gray
scale value, of al the pixels within the window. The average is based on gray
scale values ranging from 0 to 255, where 0 is the darkest value, and 255 is
the brightest value.

Refer to Table 7.2 (page 7—32) for shape restrictions when using the
luminance operation.

Figure 7.46 illustrates the luminance operation. In this example, the
“nominal” average luminance is 169.084.

Figure 7.46 Example: Using the Luminance Operation
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Some morphology functions can create artifacts along the border of the
window. When two passis used, the first pass actually processes additional
pixels around the border of the window. The second pass runs within the
border of the window to compute the result, which is unaffected by the
border artifacts. Thus, two pass can provide more accurate results, but it runs
slower.

Two Pass is active only when a destination buffer is assigned to a window
in the toolset edit panel (such as“Procl,” as shown in Figure 7.24, page
7-27). The destination buffer stores the results of the first image processing
pass, which the window then uses for the second image processing pass.

Figure 7.47 (page 7-54) provides an example that illustrates using Two
Pass to eliminate a white ring of pixelsinside the border of a circular
window. Thisring isthe result of morphology operations performed in the
first image processing pass.

The example shows a circular window using the white pixel counting
operation and the two morphology stages (Morph 1 and Morph 2).

Figure 7.47 (A) and (B) illustrate the results of applying MAX-MIN,
followed by binary dilations, to the image. The result of this morphology
processing shows the edges of the cross plus aring of white pixels around the
edge of the window that are a side effect of the morphology processing.

If just one pass were used, the ring of pixels would remain inside the circular
window, and the window would count them along with the pixelsin the
cross. The result would be, in this case, a“nomina” value of 10617 (not
shown), which is the sum of the pixelsin the ring and the cross. Thisisan
inaccurate and unrepresentative pixel count for the purposes of the
inspection.

By using Two Pass, however, a second pass will exclude the ring of pixels,
as shown in Figure 7.47 (C), and count only the pixelsin the cross. In this
case, the “nominal” valueis 3711 pixes, which represents the pixel count in
the cross.
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Figure 7.47 Example: Using Two Pass to Remove Unwanted Pixels
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This section discusses the expanded inspection results that are available to a
math tool formulafrom awindow tool. The specific set of expanded results
depends on the specific window tool operation. As Figure 7.48 shows, the
expanded inspection results that correspond to any particular window tool
operation will appear in one of two scrolling lists.

Figure 7.48 Expanded Results Lists For Window Tools in Math Formulas

Count pixels,
luminance Count contours

Execute Execute Height#
Pass Pass F Length#
Warn Warn Perimeter#
Fail Fail Roundness#
Total Total Areatt
Faults Faults Xcenter#
Fail High Fail High Y center #
Warn High Warn High Circularity#
Warn Low Warn Low Thetatt
Fail Low Fail Low MinRadiust
Result Result MaxRadius#
Samples Samples H Size#
Min Min L Size#
M ax M ax Near est#
Sum Sum j Near estBox#
Sum?2 Sum?2

(Note that the two lists under “Count contours’ in Figure 7.48 arereally one
scrolling list shown in two partsin order to display all of the results values
that are available with contour operations when all measurement functions
are enabled.)

Hereisabrief definition and explanation of each of the expanded result
types listed in Figure 7.48.

e Execute— Thisreturns a 1.000 when the tool has executed its inspection
task, and 0.000 for al other conditions.

e Pass— Thisreturns a 1.000 when the tool has passed its inspection task,
and 0.000 for all other conditions.

e Warn — Thisreturns an “error code” when the tool isin awarn
condition (and not in afail condition) and 0.000 for all other conditions.
The error code identifies a specific reason for the warning; for example,
error code 1057.000 identifies “Low range warning” as the cause. The
complete list of error codes and warn conditions appears in Appendix A
of this manual.
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e Fail — Thisreturns an “error code” when the tool isin afail condition,
and 0.000 for al other conditions. The error code identifies a specific
reason for the failure; for example, error code 1045.000 identifies “High
range fail” as the cause of the inspection failure. The complete list of
error codes and fail conditions appearsin Appendix A of this manual.

e Total — Thisreturnsthe total number of inspections performed.
e Faults— Thisreturns the total number of faults detected.

e Fail High — Thisreturns a1.000 when the inspection result from the
tool has exceeded the high Fail limit and 0.000 when the result has not
exceeded the high Fail limit.

e Warn High — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the high Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the high Warn
limit.

e Warn Low — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the low Warn limit and 0.000 when the tool has not
exceeded the low Warn limit.

e Fail Low — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the low Fail limit and 0.000 when the result has not
exceeded the low Fail limit.

e Result — Thisreturns the actual value of the inspection result; that is, the
count or other numeric result from the window tool. Thisvalue
corresponds to the “learned” value that appearsin the “Nominal” field of
the window tool edit panel.

e *Height#, Length#, etc. — Each of these returns a contour measurement
value, which is available only from a window tool configured for black or
white contour operations. Figure 7.48 (page 7-55) shows how the list
appears when all of the contour measurement functions are enabled.

e **Samples— This returns the current total number of inspection samples
since the start of run operation.

e **Min — This returns the current minimum value of the inspection
results since the start of the run operation.

e **Max — Thisreturns the current maximum value of the inspection
results since the start of the run operation.

e **Sum — This returns the current sum of all inspection results since the
start of the setup or online run operation.

e **Sum2 — Thisreturns the current sum of the squares of all inspection
results since the start of the setup or online run operation.

*Whenever one of these contour measurement functionsis selected in a math
tool formula, the “#" sign must be replaced with the appropriate object
number when the “ Single” operation is selected in the math tool edit panel.
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The object number that replaces the “#* sign must conform to these two
requirements:

1. The object number must be a constant non—zero, positive integer.

2. The object number must be equal to, or less than, the maximum number
appearing in the window.

When the “Multiple” operation is selected, the “#’sign must be retained in
the formula (replacing or removing the “#” will cause incorrect results). For
details about the Multiple operation mode, see the math tool example,
Example: Using a Sngle Math Tool to Generate Multiple Results, on page
7-144.

Also, seethe Example: List Processing section on page 7-141 for an
additional example of using the “#” in amath formula.

**These expanded statistical results are available only when atool is enabled
for statistics operations, as indicated by a checked Statistics box in the tool’s
Options selection panedl.

NOTE: Any formulathat references an object (in the contour window)
whose number is equal to or lower than the Max Results setting in the
Target panel, but is not found in the window, will cause the math tool to fail.
For example, if the Max Results setting is 10 and the contour window finds
only five objects, the math tool will fail if the formula references objects 6
through 10.

An image tool performs processing operations on a portion of the image,
using spatial (geometric) transformations, convolution, or image arithmetic,
along with multiple stages of morphology. It temporarily stores the processed
image in a destination image buffer, which can be accessed by tools that
follow the image toal in the tool set edit panel.

Figure 7.49 (page 7-58) is an example that illustrates how an image tool
could be set up, using source and destination images, to provide a processed
image to atool that followsit in the toolset edit panel.

In this example, the image tool (Tool 3) designates C1 (under the“S1”
heading) asitsimage source and P1 (under the “Dest” heading) asits
destination buffer. The following window tool (Tool 4) designates P1 — the
processed image — as its image source. (Note that the gage tool (Tool 1) and
the first window tool (Tool 2) cannot receive the image from the image tool,
since they both precede the image tool in the tool set edit pandl.)
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Overview: Image Tool
Operations
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Figure 7.49 Example: Image Tool and Window in Toolset Edit Panel
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Animage tool can be configured for one of three principal types of image
enhancement operations; namely, transform, convolve, and image arithmetic
operations.

Note that morphology filtering is available to al three image enhancement
operations (see Chapter 8, Threshold, Filters, And Morphology for details
about morphology filtering). Special ook up tables (LUTS) are also available
to the three image enhancement operations; however, they are not normally
used with the transform operation.

Hereis abrief description of each image enhancement operation:

Transform — A transform operation can perform spatial transformation
(“warping”) functions, which alter the shape of the image within an image
tool, but do not alter the gray scale values of the pixelsin the image. These
functions are available only with the arc ring, quad, and perspective shape
selections; they are not available with the convolve and image arithmetic
operations. (The Shape section on page 7-87 of this manual provides details
about spatial transformation operations.)

Convolve — A convolve operation can perform one of severa spatial
filtering functions, each of which provides one of the following basic results:

e Enhances gradientsin the image that represent edges (or flaws) on
inspected objects.

e Removes noise from the image.

Spatia filtering functions employ a“kernel” that performs * neighborhood
operations’ on all pixels within an image tool’s “area of interest.” The kernel
isamatrix of coefficients that perform calculations on the gray scale values
of a“neighborhood” of pixels, and the result of these calculations modifies
the pixel that lies under the center of the matrix. This process continues
throughout the image, moving from left to right and top to bottom.
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In the CVIM2 system, some spatial filtering functions (such as Sobel) have
their kerndl coefficients arrayed in specific pattern that, by convention,
achieves a specific filtering effect. Others spatial filter functions have
user—sel ectable coefficients.

NOTE: The user of convolution operations should have an understanding of
the basic concepts of 3x3 and 5x5 “neighborhood operation” processes. For
more information on this subject, here are some additional information
sources:

e Computer Imaging Recipesin C, by H. R. Myler and A. R. Weeks, PTR
Prentice Hall, 1993, ISBN 0-13-189879-5.

e The Image Processing Handbook, by J. C. Russ, CRC Press, 1992, ISBN
0-8493-4233-3.

e Digital Image Processing: A Practical Primer, by G. A. Baxes, Cascade
Press, 1984, ISBN 0-945591-00-4.

Image Arithmetic — Arithmetic operations can perform subtraction or
addition between images from two sources. aprimary image source (S1),
and one of three secondary image sources (S2, S1', or T). The S1 and S2
sources are either a camera (such as C1) or the output of an image processing
tool (such asP1). The“S1™ image source is always the current image, while
the"T” image source is a“feature’ image stored from the current image or
from an earlier one.

A typical application of image subtraction isto cancel identical featuresin
two images and emphasi ze different features. A typical application of image
addition is to combine features of two images into a single image for further
anaysis.

When “Image” is picked in the toolset edit panel, the image tool edit panel
appears, as shown in Figure 7.50.

Figure 7.50 Example: Image Tool Edit Panel
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Theimage tool edit panel (named “Toolset 1.Tool 3 Edit” in Figure 7.50)
contains several datafields and buttons. These are described briefly as
follows:

e Operation — Thisfield selects the type of operation that the image tool
isto perform: image transformation, convolution, or arithmetic
operations. The default operation is Transform.

e Shape— Thisfield selects the image tool shape: rectangle, arc ring,
quad, or perspective. The default shape is Rectangle.

e Fast Unwrap — Thisbox is active only when the Transform operation
is selected using the Arc Ring shape. When enabled, the “unwrap”
function operates faster, but requires 1208 bytes more memory.

e Kernel — Thisfieldisactive only when the Convolve operation is
selected. It selects the “kernel” type and configuration to be used in the
neighborhood operation. The default kernel is Sobel X.

e Template— Thisfield is active only when an image arithmetic operation
usingan S1 — T or S1 + T function is selected. The Template field
accesses the Image Manager panel, from which a portion of the current
image can be stored and selected (or a previously stored image sel ected)
as the secondary image source, T (the “template”), to be subtracted from
or added to the primary image source, S1.

e Direction — Thisfield is active only when an image arithmetic operation
is selected. It enables selecting a scan direction for the secondary image
(S2, S1’, or T) that differs from the scan direction of the primary image
(S1).

e LUT — Thisfield selects alook—up table (LUT), which remaps the gray
scale values of the image pixels following atransform, convolution, or
image arithmetic operation. The default LUT is Identity, which has no
effect on the pixels.

e Morph Passes — The field selects the number of timestheimageis
passed through the morphology processors.

e *P&P AOI 1— The EEZZEE button activates the pick and place
function for AOI#1 (Area Of Interest #1), which isthe primary area
within the source image (S1) that is “ of interest” for the inspection
operation.

e *P&P AOIl 2 — The IESEZEE button activates the pick and place
function for AOI#2 (Area Of Interest #2), which is the secondary area
within the source image (S2 or S1) that is“ of interest” for the inspection
operation. (This button in not activefor S1 — T or S1 + T operations.)

e P& P Dest — The = button activates the “destination” pick and
place function. This button is active only for Transform operations using
the arc ring, quad, or perspective shape, which send the processed image
to a separate destination window. (For Convolve and image arithmetic
operations, a“destination buffer,” such as P1, must be specified in the
toolset edit panel.)
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e Thresh/Filter — The IE=EEEE button activates threshold and/or filter
functions that are appropriate for the selected image tool operation.

e Done— When you pick the IEEEl button, the system exits back to the
toolset edit panel.

* Area of Interest — The portion of a source image that an image tool
processes is referred to as an area of interest (AOI), and it can be configured
(“picked and placed”) using the and IEZEZ=EE buttonsin the tool
edit panel.

The functions of the data fields and buttons in the tool edit panel are
described in the following discussions of the image tool operations and
supporting functions.

When the Operation field in the tool edit panel is picked, the Image
Operation panel appears, as shown in Figure 7.51.

Figure 7.51 Image Operation Selection Panel
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The Image Operation panel lists the three image tool operation types
referred to earlier. Note that the last six operations are identified asimage
arithmetic operations.

You can select a specific image tool operation by picking the circle adjacent
to the operation name, then picking the IEZ=ll button. The tool edit panel
returns with the selected operation name appearing in the Operation field.

The following sections discuss the image tool operationsin detail.
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Image Tool Operations:

Transform

Image Tool Operations:

Convolve
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The Transform operation is the appropriate choice under the following
conditions:

e Therequired image processing can be performed adequately using
morphology filters alone.

e An*unwrap” or “warp” spatial transformation function is required, and it
can be performed by the arc ring, quad, or perspective shape.

In the first instance, refer to Chapter 8, Thresholds, Filters, and Morphology,
in the Area Tools: Threshold and Morphology Functions section for
morphology details. In the second instance, refer to the Shape section on
page 7-87 of this chapter for details about the “unwrap” and “warp” spatia
transformation functions.

The Convolve operation type is an appropriate choice when the Transform
operation, using morphology filtering, cannot adequately process the image.

In addition to morphology filtering, the Convolve operation provides several
spatial filtering functions, some using kernels with fixed coefficients, that
can clarify or sharpen image features, or can smooth features and/or reduce
noise in the image. Convolve aso provides two kernels having
user—configurable coefficients, for situations in which the fixed—coefficient
kernels do not quite match the spatial filtering requirements. These kernels
enable the user to experiment with other coefficient configurationsin an
attempt to improve the feature enhancement results.

This section discusses the details of the various spatial filter functions
performed by the kernels listed in the Image Kernel selection panel

(Figure 7.75, page 7-91) and illustrates their effects on image features. This
section also provides a selection table that correlates the various kernels with
the LUT(s) that are the most appropriate for the desired feature enhancement
outcomes.

Sobel X, Sobel Y Kernels

The Sobel X and Sobel Y kernels perform directional spatial filtering
functions that sharpen gradients lying along the Y —axis of the image (Sobel
X) or the X—axis (Sobel Y). The kernels for these two functions use the same
coefficient values, but these values are arrayed differently in each kernel.

Sobel X Kernel — The coefficientsin the Sobel X kernel are arrayed in a
3x3 matrix, as follows:

1 -1
2 -2
1 -1
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Figure 7.52 illustrates the effect of the Sobel X kernel on adark object on a
light background.

Figure 7.52 Example: Effect of Sobel X Kernel on Inspected Object
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In Figure 7.52, the Sobel X kernel causes the gradient on the left side of the
inspected object to appear as athin vertical line of light pixels, and the right
gradient to appear as aline of dark pixels. The pixels surrounding the two
gradients were converted to medium gray.

Note that the Sign LUT was selected for the example. Since the Sobel X
kernel creates a signed image, which contains pixel values between —128 and
+127, the Sign LUT removes negative values from the image by adding 128
to each value, thereby placing all pixel valuesin the 0 to 255 range that the
inspection tools require to identify and evaluate features properly.

Note also that the Absolute, S.Threshold, or S.Clip LUT could be used,
since they also remove negative vaues from the image. The choice of LUT
depends on the specific requirements for the application.
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Figure 7.53 illustrates the effects on the inspected object that Absolute and
S.Threshold LUTs have when using the Sobel X kernel.

Figure 7.53 Example: Effects of Absolute and S.Threshold LUTs With Sobel X Kernel

Inspected object using Inspected object using
Absolute LUT S.Threshold LUT

Sobel Y Kernel — The coefficients in the Sobel Y kernel are arrayed in a
3x3 matrix, as follows:

0 0 0
-1 -2 -1

Figure 7.54 (page 7-65) uses the inspected object shown in Figure 7.52 (page
7-63) to illustrate the effect of the Sobel Y kernel.

In Figure 7.54, the Sobel Y kernel causes the gradient on the top side of the
inspected object to appear as athin horizontal line of light pixels, and the
bottom gradient to appear as a line of dark pixels. The pixels surrounding the
two gradients were converted to medium gray.
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Figure 7.54 Example: Effect of Sobel Y Kernel on Inspected Object
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Note that the Sign LUT was selected for the example. Since the Sobel Y
kernel creates a signed image, which contains pixel values between —128 and
+127, the Sign LUT removes negative values from the image by adding 128
to each value, thereby placing all pixel valuesin the O to 255 range that the
inspection tools require to identify and evaluate features properly.

Note also that the Absolute, S.Threshold, or S.Clip LUT could be used,
since they also remove negative values from the image. The choice of LUT
depends on the specific requirements for the application.

The effects on the inspected object that the Absolute and S.Threshold
LUTs have when using the Sobel Y kernel would be similar to the Sobel X
examplesin Figure 7.53 (page 7-64).
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Laplace Kernel

The Laplace kernel performs nondirectional spatial filtering functions that
sharpen gradients lying along both the X—axis and the Y—axis of the image.

The coefficientsin the Laplace kernel are arrayed in a 3x3 matrix, as

follows:
0 -1 0
-1 4 -1
0 -1 0

Figure 7.55 illustrates the effect of the Laplace kernel on a dark inspected
object on alight background.

Figure 7.55 Example: Effect of Laplace Kernel on Object in Image
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In Figure 7.55, the Laplace kernel causes the gradients on the all sides of the
inspected object to appear as a very thin line of light pixels, while the pixels
surrounding the gradients were converted to medium gray.
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Note that the Sign LUT was selected for the example. Since the Laplace
kernel creates a signed image, which contains pixel values between —128 and
+127, the Sign LUT removes negative values from the image by adding 128
to each value, thereby placing all pixel valuesin the 0 to 255 range that the
inspection tools require to identify and evaluate features properly.

Note also that the Absolute, S.Threshold, or S.Clip LUT could be used,
since they also remove negative values from the image. (When used with the
Laplace kernel, however, the Absolute LUT yields a somewhat indistinct
gradient compared to the S.Threshold LUT.) In any case, the choice of LUT
depends on the specific requirements for the application.

Figure 7.56 illustrates the effects on the inspected object that Absolute and
S.Threshold LUTs have when using the Laplace kernel.

Figure 7.56 Example: Effects of Absolute and S.Threshold LUTs With Laplace Kernel

Inspected object using Inspected object using
Absolute LUT S.-Threshold LUT
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X Edge, Y Edge Kernels

The X Edge and Y Edge kernels perform directional spatial filtering
functions that sharpen gradients lying along the Y—axis of the image (X
Edge) or the X—axis (Y Edge). (Note that the effect is similar to that of the
Sobel kernels, except that the X Edge’s 5x5 kernel produces a wider
gradient than the Sobel X’'s 3x3 kernel.) The kernels for these two functions
use the same coefficient values, but these values are arrayed differently in
each kernel.

X Edge Kernel — The coefficientsin the X Edge kernel are arrayed in a 5x5
matrix, asfollows:

1 1 0 -1 -1
1 2 0 —2 -1
2 4 0 —4 —2
1 2 0 -2 -1
1 1 0 -1 -1

Figure 7.57 illustrates the effect of the X Edge kernel on a dark object on a
light background.

Figure 7.57 Example: Effect of X Edge Kernel on Inspected Object

Envivonment File Editors  Seouvity

= Toolset 1
Toonis Display  Done

'Toolset 1.Tool &
Operation
Image tool Shape
Fast Unwrap
Kernel
Template
Divection
Lut Sign
Morph Passes 1
Inspected -
object [Bone

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

768



Chapter 7

Inspection Tools

In Figure 7.57, the X Edge kernel causes the gradient (edge) on the left side
of the inspected object to appear as avertical line of light pixels, and the
right gradient (edge) to appear as aline of dark pixels. The pixels
surrounding the two gradients were converted to medium gray. (Compare the
results in thisfigure to the results of the Sobel X kernel in Figure 7.52 on
page 7-63.)

Note that the Sign LUT was selected for the example. Since the X Edge
kernel creates a signed image, which contains pixel values between —128 and
+127, the Sign LUT removes negative values from the image by adding 128
to each value, thereby placing al pixel valuesin the 0 to 255 range that the
inspection tools require to identify and evaluate features properly.

Note also that the Absolute, S.Threshold, or S.Clip LUT could be used,
since they also remove negative vaues from the image. The choice of LUT
depends on the specific requirements for the application.

The effects on the inspected object that the Absolute and S.Threshold
LUTs have when using the X Edge kernel would be similar to the Sobel X
examplesin Figure 7.53 (page 7-64). The main difference is that the X Edge
kernel produces awider gradient.

Y Edge Kernel — The coefficientsinthe Y Edge kernel are arrayed as

follows:
1 1 2 1 1
4 2
0 0 0 0 0
1| =2 -4 | =2 -1
-1 -1 -2 -1 -1

Figure 7.58 (page 7—70) uses the inspected object shown in Figure 7.57 (page
7-68) to illustrate the effect of the Y Edge kernel.

In Figure 7.58, the Y Edge kernel causes the gradient (edge) on the top side
of the inspected object to appear as a horizontal line of light pixels, and the
bottom gradient (edge) to appear as aline of dark pixels. The pixels
surrounding the two gradients were converted to medium gray.

Note that the Sign LUT was selected for the example. Sincethe Y Edge
kernel creates a signed image, which contains pixel values between —128 and
+127, the Sign LUT removes negative values from the image by adding 128
to each value, thereby placing al pixel valuesin the 0 to 255 range that the
inspection tools require to identify and evaluate features properly.

Note also that the Absolute, S.Threshold, or S.Clip LUT could be used,
since they also remove negative values from the image. The choice of LUT
depends on the specific requirements for the application.
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Figure 7.58 Example: Effect of Y Edge Kernel on Inspected Object
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The effects on the inspected object that the Absolute and S.Threshold
LUTs have when using the Y Edge kernel would be similar to the Sobel X
examplesin Figure 7.53 (page 7-64). The main differenceisthat the Y Edge
kernel produces awider gradient.

XY Edge Kernel

The XY Edge kernel is aLaplace-type kernel that performs nondirectional
spatial filtering functions that sharpen gradients lying along both the X—axis
and the Y—axis of the image. (Note that the effect is similar to that of the
Laplace kernels, except that the XY Edge’s 5x5 kernel produces awider
gradient than the Laplace’s 3x3 kernel.)

The coefficients in the XY Edge kernel are arrayed in a 5x5 matrix, as

follows:
-1 -1 -1 -1 -1
-1 1 -1
-1 2 4 2 -1
-1 2 1 -1
-1 -1 -1 -1 -1
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Figure 7.59 illustrates the effect of the XY Edge kernel on a dark inspected
object on alight background.

Figure 7.59 Example: Effect of XY Edge Kernel on Inspected Object
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In Figure 7.59, the XY Edge kernel causes the gradients on the all sides of
the inspected object to appear as athin line of light pixels, while the pixels
surrounding the gradients were converted to medium gray.

Note that the Sign LUT has been selected. This LUT removes negative
values from the image by adding 128 to each value, thereby placing all
valuesin the 0 to 255 range that the inspection tools require to identify and
evaluate features properly.

Note also that the Absolute, S.Threshold, or S.Clip LUT could be used,
since they also remove negative values from the image. (When used with the
XY Edge kernel, however, the Absolute LUT yields a somewhat indistinct
double gradient compared to the S.Threshold LUT.) In any case, the choice
of LUT depends on the specific requirements for the application.

The effects on the inspected object that the Absolute and S.Threshold
LUTs have when using the XY Edge kernel are similar to those shown in
Figure 7.56 (page 7-67) for the Laplace kernel.
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Average 3x3, Average 5x5 Kernels

The Average 3x3 and Average 5x5 kernels calculate the average value of
the pixelsin a neighborhood, and then replace the center pixel in the
neighborhood with that value. The general effect of the neighborhood
operations by each of these kernelsis to smooth gradients or discontinuities
in the image. The main differences between these two kernelsis that the 5x5
kernel has a greater smoothing effect than the 3x3 kernel, but it operates
somewhat more slowly.

Average 3x3 Kernel — The coefficients values in the Average 3x3 kernel
areall equal to 1, asfollows:

1 1 1
1 1 1
1 1 1

Figure 7.60 illustrates the operation of the Average 3x3 kernel on a
neighborhood of image pixels.

Figure 7.60 Example: Effect of Average 3x3 Kernel on Pixel Gray Scale Values
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Asthe example in Figure 7.60 shows, the effect of the Average 3x3
operation is to multiply each gray scale value by 1/9, add the nine results,
and replace the pixel value under the center of the matrix with the sum.

Figure 7.61 (page 7-73) illustrates the effect of the Average 3x3 kernel on a
dark grid with alight background. Notice that the grid lines within the image
tool are somewhat blurred when compared to the portion of the grid outside
the tool. Thisindicates that the kernel has “smoothed” the sharp contrast
between the dark grid lines and the light background.
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Figure 7.61 Example: Effect of Average 3x3 Kernel on Inspected Object
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Average 5x5 Kernel — The coefficients values in the Average 5x5 kernel
are all equa to 1, asfollows:

Rl ]|R ]|~
RrlrlrRr]|R ]~
RPlrlRr]|R ]~
RPlrlRr]lR]-
RPlRrlRr]R ]~

The operation of the Average 5x5 kernd is the same as the operation of the
Average 3x3 kerndl illustrated in Figure 7.60 (page 7-72). The differenceis
that the Average 5x5 kernel multiplies each of the 25 gray scale values by
1/25.

Figure 7.62 (page 7—74) illustrates the effect of the Average 5x5 kernel on
the grid shown in Figure 7.61. Notice that the grid lines within the image tool
are somewhat more blurred when compared to the grid in Figure 7.61. This
demonstrates that the Average 5x5 kernel has a somewhat greater
“smoothing” effect than the Average 3x3 kernel.
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Figure 7.62 Example: Effect of Average 5x5 Kernel on Inspected Object
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User 3x3, User 5x5 Kernels

The User 3x3 and User 5x5 kernels can be configured with coefficient
values that the user deems most appropriate for a specific inspection
application. Initially, these kernels are configured in the “identity” mode; that
is, the center coefficient is 1 and all other coefficients are 0, as shown below:

0 0 0 0 0
0 0 0 0 0 0
0 0 1 0 0
0 0 0 0 0 0
0 0 0 0 0

The result of these “identity” coefficientsis that they have no effect on the
pixelsin the image.

When you pick User 3x3 or User 5x5 in the Image Kernel selection panel,
the button becomes active, as shown in Figure 7.63 (page 7-75).
When you then pick the [ESEEZ=EE button, the User Kernel setup panel
appears, aso shown in Figure 7.63.

7-74
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 7

Inspection Tools

Figure 7.63 Selecting Coefficient for User 3x3 Kernel
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As Figure 7.63 shows, when you pick any of the coefficient fieldsin the
User Kernel setup panel, the calculator pad appears. To change a coefficient
value, enter the new value in the calculator (range: —128 to 127) and pick the
button. Repeat the process for all other coefficients that require new
values.

Example: If you were to enter the coefficient values shown below . . .

Uzer Kernel

.. . the kernel would operate exactly as the Sobel X kernel described earlier.

Kernel Contrast

The Image Kernel selection panel shown in Figure 7.63 contains afield
labeled Contrast. The state of this field (active or inactive) depends on
which kernel is selected. Thus, the Contrast field is active for all kernel
selections; however, when User 3x3 or User 5x5 is selected, the state of the
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Contrast field depends on the placement of the user—selectable coefficients
within the kernel.

When active, the Contrast field enables you to select a contrast value of 1, 2,
3, or 4, according to the kernel selection. The contrast function has the effect
of enhancing the gradients (edges).

In particular, a contrast setting of “1” will “double”’ the gray scale value of
each pixel; a contrast setting of “2” will double the value again; and so on,
with the following restrictions: Pixelsin unsigned images whose “ doubled”
gray scale values exceed 255 are “ clipped” to a maximum value of 255, while
pixelsin signed images whose doubled gray scale values exceed +127 are
clipped to a maximum value of 127, and values below —128 are clipped to
-128.

When you pick the Contrast field, the Contrast selection panel appears, as
shown in Figure 7.64.

Figure 7.64 (A), (B), and (C) illustrate using a Sobel X kernel and the Sign
LUT. In (A), the selected contrast value is O (default); in (B), the contrast
valueis1; andin (C), the contrast valueis 2.

Figure 7.64 Example: Effects of Contrast Adjustments

Notice that the vertical gradients on the round objects in the three images are
more pronounced with each increase in the contrast value.
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The availability of the contrast function, and the maximum contrast values,
are both related to the specific kernel selection. Table 7.3 identifies the kernel
selections and their corresponding contrast functions and values.

Table 7.3 Summary Table of Kernels and Maximum Contrast Values

Kernel Selections Contrast Function Enabled? Max. Contrast Value
Sobel X Yes 2
Sobel Y Yes 2
Laplace Yes 1
X Edge Yes 3
Y Edge Yes 3
Average 3x3 Yes 3
Average 5x5 Yes 4
User 3x3 O] O]
User 5x5 O] O]

@ Depends on the kernel configuration.

Convolution Kernels and LUT Selections

Table 7.4 correlates the convolution kernels (except the two user—
configurable kernels) with the LUTSs (look—up tables). The table shows
whether akernel produces a signed image, which contains pixel values
between —128 and +127, or an unsigned image, which contains pixel values
between 0 and +255, and it indicates which LUTs are most appropriate for
each kernel.

Table 7.4 Summary Table: Kernels and Appropriate LUTs

Convolution Output Image: Appropriate LUTS
Kernel Signed or Unsigned | |dent. | Sign Abs. Inv. Clip | ScClip | Thres. | S.Thr.
Sobel X Signed No Yes Yes No No @ No Yes
Sobel Y Signed No Yes Yes No No O] No Yes
Laplace Signed No Yes Yes No No O] No Yes
X Edge Signed No Yes Yes No No @ No Yes
Y Edge Signed No Yes Yes No No @ No Yes
Average 3x3 Unsigned Yes No No Yes Yes No Yes No
Average 5x5 Unsigned Yes No No Yes Yes No Yes No
® May be useful if threshold is adjusted to remove negative values.
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Table 7.5 correlates the LUT with the signed/unsigned state of the input
image from a convolution kernel, and indicates the characteristics of the

resulting output image.

Table 7.5 Relation of LUT to Input and Output Images

Output Image
Inpu&éTni%eéDfrom LUT Signed or Gray Scale or
Unsigned Binary
Unsigned | dentity Unsigned Gray scae
Signed Sign Unsigned Gray scae
Signed Absolute Unsigned Gray scae
Unsigned Inversion Unsigned Gray scae
Unsigned Clip Unsigned Gray scae
Signed S.Clip Signed Gray scae
Unsigned Threshold NA Binary
Signed S.Threshold NA Binary

@ All input images have signed or unsigned gray scale values.

NOTE: TheLUT assumes that the input image will be signed or unsigned
asindicated in the table. (For example, the Sign and Absolute LUTSs both
“expect” asigned image from, say a Sobel X or Y Edge kernel; whereas,
the Threshold LUT expects an unsigned image.)
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This section provides detailed information about the six arithmetic operations
listed in the Image Operation selection panel (Figure 7.51, page 7-61) and
illustrates the effects that these operations have on image features.

An image arithmetic operation is an appropriate choice when an arithmetic
combination of two imagesisrequired in order to extract the relevant
features of aworkpiece, or enhance them, for inspection purposes.

Image arithmetic operations can be performed on a gray scale or binary
image, or on a combination of gray scale and binary images. When two gray
scale images are added or subtracted, the resulting image will be agray scale
image. Similarly, when two binary images are added or subtracted, the
resulting image will be a binary image.

When one image is gray scale and the other is binary, however, the binary
image istreated as a“mask,” with the following consequences for both
addition and subtraction:

S1 S2,S'orT PnorBn
Gray Black Gray
Gray White Black

The image arithmetic operations use the abbreviations S1 and S2, S1’, or T
to represent the specific image sources to be accessed in each operation.
They are described briefly as follows:

e Sl — Thisisthe primary image source for all image arithmetic
operations. It is specified in the toolset edit panel under the “S1” heading,
and it can be an image from either a camera (C1 — C6) or from another
image processing tool (P1 —P3 or B1 - B3).

e S2 —Thisisthe secondary image source for the S1 — S2 and S1 + S2
operations. It is specified in the toolset edit panel in the “S2” column, and
it can be an image from either a camera (C1 — C6) or from another image
processing tool (P1 —P3 or B1 —B3). (Note that S1 and S2 cannot
specify the same image source for any one image tool. For example, C1
cannot be specified as both S1 and S2 for the same image tool.)

e S1I' — Thisisthe secondary image source for the S1 — S1’ and S1 + S1”
operations. It is always a part of the S1 image.

e T —Thisisthe secondary image sourcefortheS1 - TandS1 + T
operations. It is always a“template” image that was saved from either the
S1 image or from some other image.

During configuration, S1, S2, and S1’ are each represented as an “area of
interest” (AQI), and they are configured using the [EEEEES and
buttonsin the tool edit panel. The template image T is configured using the
Image Manager panel.
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Image Subtraction: S1-S2,S1-S1’,S1-T

In an image subtraction operation, the image tool subtracts an AQI in the
secondary image designated by S2 or S1’ (or a“template’ designated as T)
from an AOI in the primary image designated by S1, and places the resulting
image in the designated destination buffer. More specifically, the value of
each pixel inthe S2, S1’, or T image is subtracted from the value of each
corresponding pixel inthe S1 image. Thisresultsin asigned image; that is,
an image whose pixel values lie between —128 and 127.

If S1and S2 (or S' or T) are binary images, alogic XOR (“exclusive OR”)
function will be performed on the two images, as shown by the following

table:
S1 S2,S'orT PnorBn
Black Black Black
Black White White
White Black White
White White Black

NOTE: Sinceimage subtraction creates a signed image, the “ Sign,”
“Absolute,” “S.Threshold” or “S.Clip” LUT should be used in order to
remove negative values from the image. The Sign, S.Threshold, and S.Clip
LUTsadd 128 to each pixel value, thereby placing all valuesin the O to 255
range that the inspection tools require to identify and evaluate features
properly. The Absolute LUT changes all negative values to positive values.

Typically, image subtraction is used to cancel all features that are common to
two images and leave only those features that are different between the two
images.

The similarities and differences between the image subtraction operations are
detailed in the following sections.

S1-82

The S1 — S2 image arithmetic operation subtracts an AOI within the S2
image from an AQI within the S1 image.

Figure 7.65 (page 7-81) is an example of how an S1 — S2 operation could
be set up in the tool set edit panel.
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Figure 7.65 Example: Designating S2 Source for Image Tool Using S1 - S2
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In this example, Tool 2 isan imagetool that is configured to process an AOI
within an image whose source is camera#1 (designated by “C1” in the“S1”
column) and deliver the processed image to a destination image buffer
(designated by “P1” in the“Dest” column).

Tool 3 isanimagetool that is configured for the S1 — S2 image subtraction
operation. Its primary image source is camera#1 (designated by “C1” in the
“S1” column). Its secondary image source is the destination image buffer
containing the processed image from Tool 2 (designated by “P1” in the“S2”
column). The destination for Tool 3's processed image is a different
destination image buffer (designated by “P2” in the “Dest” column).

Tool 4 isawindow tool. Its primary (and only) image sourceis the
destination image buffer (designated by “P2” inthe“S1” column) that
contains the results of the image subtraction operation performed by the
preceding image tool, Tool 3.

When the S1 — S2 subtraction operation is selected for Tool 3, the R
and buttons both become active in the tool edit panel. The

button accesses the “pick and place” function for AOI#1, which
relates to image source S1, while the button accesses the “pick and
place” function for AOI#2, which relates to image source S2.

Initially, AOI#1 appearsin its default position in the upper—eft part of the
screen. The image content within AOI#1 at this point depends on whether
any part of AOI#2 lies outside its source image (which isfrom the AOI in
Tool 2, in thisexample). If not, the contents of AOI#1 will immediately
display a processed image from the S1 — S2 subtraction; if so, the contents
of AOI#1 will remain unchanged. (See the Image Tool Operations. Warning
Messages section, on page 7-84, for a discussion of the automatic
adjustments that the CVIM2 system performs on the AOI’s under some
circumstances, and the related “warning” messages.)

AOI#1 and AOI#2 can be resized and/or positioned at this time by picking
their respective “P&P” buttons to access their pick and place functions.
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Either of the AOI’s can be resized and/or positioned first — the order is not
important.

In general, the size and position of each AOI is determined as follows:

e FEach AQOI will assume the size (height and width) of whichever AOI was
resized last. Thus, AOI#1 will take the size of AOI#2, if AOI#2 was
resized last; and vice versa

e The position of the upper—eft corner of one AOI will not be changed by
the resizing/repositioning of the other AQI.

NOTE: The referencelinetool (Tool 1) in Figure 7.65 is configured to
supply shift and rotation compensation to the two image tools (Tool 2 and
Tool 3). When the workpiece rotates during inspection operations, the output
from Tool 1 causes Tool 2 and Tool 3 to rotate. The effect on Tool 3 isto
rotate its S1 image source (C1, camera#1), but not its S2 image source (P1,
from Tool 2). In this example, however, since Tool 2 is rotated from Tool 1,
Tool 3's S2 image source will also be rotated.

S1-ST

The S1 — S1’ image arithmetic operation subtracts one AOI within the S1
image from another AOI within the same S1 image.

S1 and ST’ both represent the image source that is supplied to the current
image tool and designated in the “S1” column. The image source can be
either acamera (C1, C2, and so on) or an image buffer (P1, P2, or P3)
containing an image processed by another image tool or arotation finder
tool. (Any source that may appear in the “S2” column will have no effect on
the S1 — S1’ subtraction operation.)

When the S1 — S1’ subtraction operation is selected, the and
(IESEEEE buttons are both active. The button relates to image
source S1, while the IE=EEEE button relates to image source S1'.

Initially, the AOI #1 window is superimposed over the AOI #2 window in the
upper— eft part of the screen. The AOI #1 window should always be
positioned first, using the IR button to select its pick and place
function.

After the AOI #1 window is positioned, and the pick and place function
exited, the AOI #2 window can be positioned over the appropriate part of the
image, using the button to select the corresponding pick and place
function. Note that the AOI#2 window always adopts the size of the AOI#1
window — its size cannot be altered independently.

Theimage in the AOI #2 window (S1) is subtracted from the image in the
AOQOI #1 window (S1), and the result always appears in the AOI #1 window
when neither window is being “ picked and placed” and when the result of
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the subtraction is assigned to one of the image buffers (P1, P2, or P3) in the
destination (“Dest”) column of the toolset edit panel.

S1-T

The S1 — T operation subtracts a stored template (T) from an AQI within the
S1 image.

S1 represents the image source that is supplied to the current image tool and
designated in the “S1” column. The image source can be either acamera
(C1, C2, and so on) or an image buffer (P1, P2, or P3) containing an image
processed by another image tool or arotation finder tool. (Any source that
may appear inthe“S2” column will have no effect onthe S1 — T
subtraction operation.)

When the S1 — T subtraction operation is selected, the Template field
becomes active and displays “No Template” initially.

When the Template field is picked, the Image Manager panel appears.
This panel must be used to select an appropriate template image from the
current image, or from another image, whichever is appropriate for the
inspection application. For detail information about the Image Manager
panel, refer to Chapter 4, Inspection Configuration, under the Image
Manager Panel heading on page 4-40.

When the appropriate template image is selected, its name appearsin the
Template field. At the same time, the template image contents are
automatically subtracted from the contents of the AOI #1 window, and the
resulting image appears in the window (assuming that a destination buffer,
such as P1, has been selected in the tool set edit panel). Also at the same
time, the AQI #1 window isforced to adopt the size of the template image.

The AOI #1 window can then be positioned over the appropriate part of the
image, using the I3 button to select its pick and place function. Note,
however, that since the AOI#1 window always adopts the size of the
template image, only its position can be altered once the template image has
been selected.

Image Addition: S1+S2,S1+S1’,S1+T

Image addition operations (S1 + S2, S1 + S1’, and S1 + T) can be used to

emphasi ze features that are common to two images, or add different features
on each image in order to create a composite image that contains all desired

features. The abbreviations S1, S2, S1’, and T represent the specific image

sources to be used in the image addition operation.
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Image Tool Operations:
Warning Messages

7-84

In an image addition operation, the image tool adds an AQI in the secondary
image designated by S2 or S1’ (or a“template” designated as T) to an AOI
in the primary image designated by S1, and places the resulting unsigned
image in the designated destination buffer. More specifically, the value of
each pixel inthe S2, S1’, or T image is added to the value of each
corresponding pixel inthe S1 image, and the sum is divided by two. The
resulting average of the two values is then placed the destination buffer.

If SLand S2 (or S’ or T) are binary images, alogic AND function will be
performed on the two images, as shown by the following table:

S1 S2,S'orT PnorBn
Black Black Black
Black White Black
White Black Black
White White White

The basic configuration details that apply to the image subtraction operations
apply aso the image addition operations. Refer to the corresponding section
under the Image Subtraction heading, immediately preceding this section, for
details.

Asyou configure an image tool, under some circumstances you will see two
related warning messages on the display. These messages (which appear
sequentially) are intended to alert you to certain adjustments that the CVIM2
system makes automatically during the image tool configuration.

The two messages are these:
e The tool is outside of the image.

e The tool was modified to fit.

This section explains these two messages and the circumstances under which
they occur.

Whenever you add a new image tool to the toolset edit panel, by default it
will enter the lowest numbered camera (such as“C1”) inthe“S1” source
column. If you then change S1 source to an image buffer (such as“P1")
containing an image from an earlier image processing tool, that image will
typically be significantly smaller than afull-size cameraimage and will
aways be positioned, by default, in the upper—eft “corner” of theimage
buffer.
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Figure 7.66 provides an example of atoolset edit panel with two image tools,
where thefirst image tool (Tool 1) placesits processed imageinthe P1
image buffer, asindicated by the “P1” entry in the “Dest” column, and the
second image tool (Tool 2) uses the processed image from Tool 1 asits S1
source image.

Figure 7.66 Example: One Image Tool Using an Image From Another Image Tool

"Toolset 1"

Condition Ref.
Enakled

Edit

Enakled

For the purposes of the example in Figure 7.66, assume that the AOI#1
window of Tool 1 is positioned over an object in the camera#1 image as
illustrated in Figure 7.67.

Figure 7.67 Example: AOI#1 Window in Image Tool (Tool 1)
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= Toolset 1
Tools  Dispiay  Bowne

Edit “"Toolset 1.Tool 1"

Operation Transform

Lhape Rectangle

Fast Unwrap
Kernel
Template
Divection
Lut
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When you select the second image tool (Tool 2) from the toolset edit pane,
the “tool outside” message appears, as shown in Figure 7.68 (page 7-86).

Note that the image from Tool 1 (that is, from image buffer P1) is positioned
in the upper—eft corner of the image display area, and the default “tool”
(which in this case is the AOI#1 window of Tool 2) clearly extends outside
the P1 image.
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Figure 7.68 Example: Occurrence of “Tool Outside” Message
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When the “tool outside” message appears, continue by picking the [Ell button
in the message box and the IS button in the tool edit panel. When you
do, the “tool modified” message appears, as shown in Figure 7.69.

Figure 7.69 Example: Occurrence of “Tool Modified” Message

Ensivanment  Fils Editors Zecurily
= Toolset 1

Tools Biseplay Bone
Image from
— Tool 1 (P1)
Systen Warning 1829

The tool was modified to Fit.

]

When the “tool modified” message appears, continue by picking the [Eal
button in the message box. When you do, the AOI#1 window, now “maodified
tofit,” appears within the image from Tool 1 (P1), as shown in Figure 7.70
(page 7-87), along with the Pick & Place panel for that window.
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Figure 7.70 Example: AOI Window “Modified to Fit” in Image
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Tool 2

Note that the AOI window may not have the appropriate size or be in the
appropriate position for your application at this point. If not, reposition
and/or resize the window as needed.

Animagetool isavailablein four shapes: rectangle, arc ring, quad, and
perspective. Note that the arc ring, quad, and perspective shapes are active
only when the Transform image tool operation is selected.

NOTE: The rectangle shape must be selected before the Convolve
operation or any of the image arithmetic operations can be selected.

Rectangle

The rectangle shape is used to create a new image by applying morphology
(and thresholding if the binary mode is used), without any spatial
transformation. It is the only shape allowed for the Convolve and image
arithmetic operations.

Arc Ring

The arc ring “shape” image tool can perform an “unwrap” spatial
transformation function, which can be used to examine circular features and,
by “unwrapping” them, process them as though they were linear.

An arc ring window consists of acircular AOI and arectangular
“destination.” The AOI consists of an outer arc and a concentrically
positioned inner arc, with the two ends connected. The arc size (in degrees)
can be increased to 380°, or decreased to a size (in degrees) that varies with
the radius of the inner arc.
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The pick and place procedure for the circular AQI is comparable to the

procedure for circular gages, while the pick and place procedure for the
destination is the same as for rectangular windows. For details, refer to

Chapter 5, Pick and Place Functions.

NOTE: The destination should always be configured with the vertical axis
longer than the horizontal axis, since the unwrapped image datais displayed
vertically. The aspect ratio of the destination should be adjusted as needed to
optimize the appearance of the part or item being inspected.

In operation, the arc ring image tool processes (and “unwraps’) the image
arealying between the inner and outer rings of the AQI, then displays the
unwrapped and processed image vertically in the destination.

Figure 7.71 illustrates using a arc ring image tool to “unwrap” acircular
array of alphacharacters. Note that the image data is unwrapped, always
starting at the end of the circular AOI shown in the figure, and displayed in
the destination from the top down.

Figure 7.71 Example: Arc Ring Image Tool
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In this example, the circular AOI is centered over acircular array of alpha
characters, and the destination is positioned alongside. The result in the
destination isalinear array of alpha characters, starting with letter “A.”
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Quad

A quad “shape”’ image tool consists of two separate windows: a quadrilateral
AOI, and arectangular “destination.” The quad AOI provides a means of
reshaping the contents of the original image.

The image appearing in the quadrilateral AQI is transformed according to the
shape of the AOI and the aspect ratio of the destination. Each point in the
AOI is“mapped” into a corresponding point in the destination. The quad
image tool can be used to rotate an image, rescale an image (make larger or
smaller), or change the aspect ratio.

Figure 7.72 illustrates this concept by using the image of a square grid where
the image plane is not perpendicular to the camera. The resulting grid is
trapezoidal, and the AQI is positioned around the grid.

The squared destination shows the resulting “quad” image.

Figure 7.72 Example: Image Tool With Quad “Shape”
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The effect of the quad image tool, in this example, isto stretch the upper part
of the ariginal image horizontally, but not the bottom part. Note that the grid
lines are essentialy at right angles, but the bottom “ squares’ of the grid are
dlightly higher than the top squares because the quad shape does not
compensate for perspective distortion.
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Perspective

A perspective “shape” image tool consists of two separate windows. a
perspective AQI, and arectangular “ destination.” It provides a means of
reshaping the contents of the original image in cases where the original
image is slightly distorted because the camerais not perpendicular to the
image.

NOTE: The perspective image tool gives dightly better results than the
quad image tool when used to correct for perspective distortion, but it runs
more slowly.

The image appearing in the perspective AOI istransformed, according to the
shape of both the AOI and the aspect ratio of the destination. Each point in
the AQI is“mapped” into a corresponding point in the destination. The
perspective image tool can be used to perform the same kinds of
transformations as the quad image tool, with the added capability of
correcting for perspective distortion.

Figure 7.73 illustrates this concept by using the image of a square grid where
the image plane is not perpendicular to the camera. The resulting grid is thus
atrapezoid, and the AQI is positioned around the grid.

Figure 7.73 Example: Image Tool With Perspective “Shape”
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The sguared destination shows the resulting “perspective” image.

The effect of the perspective image tool, in this example, isto stretch the
upper part of the original image horizontally and vertically, but not the
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bottom part. Note that the grid lines are essentially at right angles. The
bottom “sguares’ of the grid are nearly the same size as the top squares
because the perspective shape compensates for perspective distortion.

Figure 7.74 compares the same destination image using quad and perspective
shapes.

Figure 7.74 Example: Comparing Results From Quad and Perspective Shapes

SRRE EEES

When you pick the Convolve image tool operation, the Kernel field in the
tool edit panel becomes active, as shown in Figure 7.75. When you pick the
Kernel field, the Image Kernel panel appears, also shown in Figure 7.75.

Figure 7.75 Selecting the Image Kernel Panel for the Convolve Operation
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From the Image Kernel panel you can select a spatial filtering function
using a 3x3 or 5x5 kernel with either fixed or user—configurable coefficients,
to perform neighborhood operations on the image tool pixels. The basic
purpose of these operations is to either enhance the gradients that represent
edges on image features, or to filter noise from the image.

Hereis abrief description of each kernel in the Image Kernel panel:

e Sobel X —Thisisa3x3 directional kernel that enhances the vertical
gradients on an inspected object.

e Sobel Y —Thisisa3x3 directiona kernel that enhances the horizontal
gradients on an inspected object.

e |aplace— Thisisa 3x3 non—directional kernel that enhances vertical
and horizontal gradients on an inspected object.

e X Edge— Thisisa5x5 directional kernel that enhances the vertical
gradients on an inspected object.

e Y Edge— Thisisab5x5 directional kernel that enhances the horizontal
gradients on an inspected object.

e XY Edge — Thisisa5bx5 non—directional kernel that enhances the
vertical and horizontal gradients on an inspected object.

e Average 3x3— Thisisa3x3 kernel that performs an averaging function
on each pixel in theimage.

e Average 5x5 — Thisisa5x5 kernel that performs an averaging function
on each pixel in the image.

e Usear 3x3 — Thisisa3x3 kernel in which the coefficient values are
user—selectable.

e User 5x5 — Thisisa5bx5 kernel in which the coefficient values are
user—selectable.

The kernel performs its neighborhood operation identically for all spatial
filter functions. That is, the kernel “scans’ the image tool |eft—to—right and
top-to—bottom, and each coefficient in the 9 (or 25) matrix multiplies the
gray scale value of the corresponding pixel in the underlying 3x3 (or 5x5)
part of the image tool. These 9 (or 25) multiplications are then summed, and
the total is placed in the image tool pixel directly under the center of the
matrix. This processis repeated for each pixel in the image tool.

NOTE: All kernels except the “average” kernels produced signed images;
that is, they may have negative values. The “average’ kernels produce only
unsigned images — their values are always positive.

Figure 7.76 (page 7-93) provides an example that illustrates the
neighborhood operation of akernel using, for this purpose, the coefficient
array and values of a Sobel X filter. The example shows the result of the
kernel’s neighborhood operations across the second row of pixels from the
top of the image tool.
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Figure 7.76 Example: Neighborhood Operation in Image Tool
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Note that the original gray scale values of the pixelsin the second row arein
the 20's and 30's on the left side of the image. In the middle of the image,
these values increase abruptly to the 80's and 90's on the right side. This
discontinuity isthe location of avertically aligned gradient in theimage. (In
this example, it is meant to represent a vertical edge on an inspected object.)

In the example, the Sobel X kernel moves left-to—right along the second row
of pixels and calculates new raw values for each pixel along the way. Since
these raw values could potentially range from —1020 to +1020, the CVIM2
system automatically scales them to the —128 to 127 range.

The CVIM2 system provides optional look—up table (LUT) mapping
functions that can convert all of the values to positive values. Figure 7.76
shows the result of using the “sign” LUT (which adds 128 to each value). In
the example, the result would be a displayed image in which the gradient
(edge) would appear as a dark vertical stripe with areas of medium gray on
both sides. Thus, the gradient values are 101, 80, 95, and 114, while the areas
on both sides are nominally 128. (For more information about LUT mapping
functions, see the Image Tool Look—Up Table (LUT) section on page 7-95 of
this chapter.)

NOTE: InFigure 7.76, the values calculated for all of the border pixels
differ from the non-border pixels because they are calculated with some of
the kerndl’s coefficients “out of bounds.” Those coefficients are set to zero,
and the result is raw values of —114 and 359 for the leftmost and rightmost
pixelsin the second row (compared to the near—zero values el sewhere, away
from the gradient). Therefore, when the image tool is used as an image
source for awindow tool, the window tool should be sized and positioned
away from the image bordersin order to avoid distorting effects that may
arise from the inclusion of the image's border pixels.
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Image Tool Template

7-94

Asnoted earlier, the Template field in the tool edit panel is active when an
S1-Tor S1 + T arithmetic operation is selected. When you pick the
Template field, the Image Manager panel appears, as shownin

Figure 7.77.

Figure 7.77 Accessing the Image Manager Panel to Select a Template Subimage
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You can use the Image Manager panel to either create a new template
“subimage”’ from a portion of the current image or select an existing template
from the scrolling list in the panel, if appropriate. To create a new template,
leave the highlight bar at the (other) entry in the list, then refer to Chapter 4,
Inspection Configuration, under the Image Manager Panel heading on page
4-40 for details about configuring a new subimage.

To select an existing template, highlight the appropriate subimage file name
in the scrolling list (such asthe EE:grid 1, 373x221x8 file name), then pick
the [IEE button to exit back to the tool edit panel. The highlighted file name
should now appear in the Template field of the tool edit panel.
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The Lut field in the tool edit panel selects alook—up table (LUT), which, as

noted earlier, remaps the gray scale values of the image pixels after all other
operations (except aMorph 2 operation, if used) have been performed. Note
that the default LUT is Identity, which has no effect on the pixels.

When you pick the Lut field in the image tool edit panel, the Image LUT
selection panel appears as shown in Figure 7.78.

Figure 7.78 Accessing the Image LUT Selection Panel
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The selections in the Image LUT panel are described briefly, as follows:

e |dentity — This selection has no effect on the image tool pixels.

e Sign — This selection adds 128 to the gray value of each pixel, which
convertsa“signed” image (containing positive and negative gray values)
to an “unsigned” image (containing only positive gray values). The range
of valuesin the resulting image is 0 to 255.

e Absolute — This selection converts a“signed” image to an “unsigned”
image by using the absolute value of each pixel. The range of valuesin
the resulting image is 0 to 128.

e |nversion — This selection performs a“bit—wise” inversion of the gray
value of each pixel. Thus, 255 becomes 0, 85 becomes 170, —105
becomes +22, and so on.

e Clip — This selection forces the gray values of all pixelsinan
“unsigned” image (maximum range: 0 to 255) to user—selectable high
and low range limits. Thus, all pixels whose original gray values lie above
(or below) the user—selected high (or low) threshold will be reset to a gray
value equal to the high (or low) threshold.

e SClip — Thisselection forces the gray values of al pixelsin a“signed”
image (maximum range: —128 to 127) to user—selectable high and low
range limits. Thus, al pixels whose original gray values lie above (or
below) the user—selected high (or low) threshold will be reset to a gray
value equal to the high (or low) threshold.
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e Threshold — This selection converts an “unsigned” gray scaleimageto a
binary image. All pixels whose gray values lie between the
user—sel ectabl e threshol ds become white, while al other pixels become
black. Thresholds can be set to gray values ranging from 0 to 255.

e S.Threshold — This selection converts a“signed” image to abinary
image. All pixels whose gray values lie between the user—selectable
thresholds become white, while all other pixels become black. Thresholds
can be set to gray values ranging from —128 to 127.

Image Tool Direction The Direction field in the tool edit panel, as noted earlier, is active only
when an image arithmetic operation is selected. This field accesses the
Image Direction selection panel, which, enables you to select a different
scan direction for the secondary image (S2, S1’, or T). The scan direction
for the primary image (S1) isfixed: left-to-right, and top—to—bottom.

When you pick the Direction field in the image tool edit panel, the Image
Direction selection panel appears as shown in Figure 7.79.

Figure 7.79 Accessing the Image Direction Selection Panel
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Note that the default scan direction is Normal, which indicates that the scan
directions for the secondary and primary images are the same.

The selectionsin the Image Direction panel affect only the scan directions
for the secondary image. They are described briefly as follows:

e Normal — This scan direction is left-to—right and top—to—bottom.

e Reverse X — This scan direction is right—to-eft and top—to—bottom.

e ReverseY — Thisscan direction is left—to—right and bottom—to—top.
e Reverse XY — This scan direction is right—to- eft and bottom-to—top.

A typical application for the reverse scanning function is to inspect for
symmetrical features.
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The Morph Passes parameter determines the number of timestheimageis
passed through the image processing “ pipeling”; that is, the number of times
that the morphology processors are applied to the image.

The following example (shown in Figure 7.80 through Figure 7.83)
illustrates the use of gray scale morphology and multiple “morph passes’ to
eliminate progressively thicker horizontal (unwanted) features without
significantly affecting vertical features. For the sake of simplicity, the
exampl e uses a transform operation and a rectangle shape.

Each “morph pass’ in this example represents two stages of gray scale
morphology processing. Both of these stages perform a“MAX” with the
following morphology kernel:

—_ *

_ * f—

— *

In Figure 7.80, the lines appear in their unprocessed form in the image tool
(both morphology functions are disabled).

Figure 7.80 Example: Image Tool (Unprocessed Image)

. — —
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In Figure 7.81, one “morph pass’ has occurred, with the result of eliminating
the top two horizontal lines.

Figure 7.81 Example: Image Tool (One Morph Pass)

Edit "Toolset 1.Tool 3"

In Figure 7.82, two “morph passes’ have occurred, with the result that all
lines except the bottom line are eliminated. The bottom lineisjust barely
visible.

Figure 7.82 Example: Image Tool (Two Morph Passes)
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In Figure 7.83, four “morph passes’ have occurred, with the result that all of
the horizontal lines are eliminated.

Figure 7.83 Example: Image Tool (Four Morph Passes)

Edit "Toolset 1.Tool 3"

Note that the only effect on the vertical lines has been to shorten them.

Image Tool Inspection This section discusses the expanded inspection results that are available to a
Results and Math Tool math tool formula from an image tool. As Figure 7.84 shows, the expanded
Formulas inspection results for an image tool appear in one list.

Figure 7.84 Expanded Results Lists For Image Tools in Math Formulas

Execute
Pass
Warn
Fail
Total
Faults

Hereisabrief definition and explanation of each of the expanded result
typeslisted in Figure 7.84.

e Execute— Thisreturns a 1.000 when the tool has executed its inspection
task, and 0.000 for all other conditions.

e Pass— Thisreturns a 1.000 when the tool has passed its inspection task,
and 0.000 for al other conditions.

e Warn — Thisawaysreturnsa 0.000.
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e Fail — Thisreturnsan “error code” when the tool isin afail condition
and 0.000 for al other conditions. The error code identifies a specific
reason for the failure; for example, error code 1031.000 identifies“No
source image” as the cause of the inspection failure. The complete list of
error codes and fail conditions appearsin Appendix A of this manual.

e Total — Thisreturnsthe total number of inspections performed.
e Faults— Thisreturns the total number of faults detected.
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The feature finder tool isintended to perform object counting and object
identification on the basis of gray scale template matching. Here are two of
the ingpection functions that it can perform:

e Count objectsin the image when awindow using the binary—based object
counting operation cannot be used for any reason.

e |dentify one object in the image on the basis of template matching.

Configuring a feature finder tool is nearly identical to configuring areference
window tool. Thus, this section concentrates on the information that is
unique to the feature finder tool. For the remaining information, refer to the
Reference Window Tool section in Chapter 6, Reference Tools.

Feature Finder Tool: Basic Elements

A feature finder tool consists of a number of basic elements, which are
described briefly as follows:

Feature finder tool — Thisterm refers to the whole feature finder tool; that
is, each instance of “F. Finder " in the toolset edit panel.

Feature window — This window defines a small portion of the image that
contains a unique workpiece feature. The “feature image” is stored in
memory during configuration, and it is the “template” that the feature finder
tool uses when it searches for a matching feature on a workpiece.

Search window — This window defines the portion of the image within
which the smaller feature window searches for a particular workpiece feature.

Hereis how afeature finder tool works during inspection operations. The
feature window, using a stored feature image as a template, searches the
search window for a region that matches (or nearly matches) the stored
template. When it finds a matching region, the “ feature window” adds one to
the feature count. It repeats this counting process for each object within the
search window that matches the stored template.

The user can set range limits according to the number of features that the
inspection application is expected to find.

Feature Finder Tool Edit Panel

Once you have added a feature finder tool to the toolset edit panel, you can
configure it for an inspection application by picking the F. Finder field in the
panel. When you do, the feature finder tool edit panel appears, as shown by
the examplein Figure 7.85 (page 7—102).
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Figure 7.85 Example: Selecting the Feature Finder Tool Edit Panel
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The feature finder edit panel (named “Toolset 1.Tool 2 Edit” in
Figure 7.85) contains severa fields and buttons, which are described briefly,
asfollows:

e |mage Name — Thisfield identifies the name of the currently selected
feature image (or “No Image,” if noneis selected). When you pick this
field, the Image Manager panel appears, which is used to save or select
an image file for the feature window.

e Passes— Thisfield selects either Single Pass or Double Pass, which
is the number of passes the feature window makes through the search
window. When you toggle thisfield, Single Pass toggles to Double
Pass, or vice versa.

e Max. Number — Thisfield selects the maximum number of features that
the feature finder tool is enabled to recognize.

e Nominal — When you pick thisfield, the currently selected and
configured feature finder tool counts the number of objectsin the search
window that match the stored template in the feature window.

e Pass1— The IEZ3 button selects the First Pass panel, from which
you can select the parameters that the feature window uses to scan the
search window on thefirst (or only) pass.
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e Pass2 — The EE=E button selects the Second Pass panel, from
which you can select the parameters that the feature uses to scan the
search window on the second pass.

e P& P — The &l button provides access to the “ pick and place” function
for the current search window.

¢ Range — The[EEEE button provides access to the Ranges selection
panel. For details, refer to the Ranges section on page 7-179 of Chapter 7,
Inspection Tools.

e Done— The [EZ button saves the currently selected configuration
settings for this feature, then exits the tool edit panel and returns to the
toolset edit panel.

The remainder of the feature finder tool section discusses the configuration
process from the perspective of the fields and buttons in the tool edit panel.

A feature finder tool can be selected when the toolset edit panel is on the
screen. Starting from the main menu bar, the selection path to this panel is as
follows. Editors — Configuration — Setup — Tools. This selection path
is shown by the example in Chapter 7, Inspection Tools, Figure 7.1 (page
7-2).

Hereisasummary of the basic selection and configuration steps for a feature
finder tool, listed in their normal order of performance.

1. Savefeatureimage:

a. “Pick and place” — position the feature window over the
appropriate feature on the workpiece image.

b. Select featureimage compression parameters.

c. Specify file name — use the Image Manager to enter a device code
and feature name, then store the feature image in afile on the
selected device.

2. Configure search window:

a. “Pick and place” — position the search window over the
appropriate part of the workpiece image.

b. Select number of passes — select the number of passes (one or
two) that the feature window will make through the search
window.

c. Select “pass’ parameters— select the appropriate masking,
scaling, and other parameters for each * pass.”

3. Select maximum features — select the maximum number of features
that can be recognized and counted.

4. Learn nominal values— perform a*“learn” operation to “learn” and
store the “nominal” values — the data that indicate the workpiece's
initial position.

5. Select range limits — select the upper and lower range limits for the
number of features.
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Feature Finder Tool
Configuration
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This section discusses the configuration steps that are accessed from the
fields and buttons in the feature finder tool edit panel shown in Figure 7.86.
Initially, most of these fields and buttons are inactive (shaded). They become
active when the appropriate points are reached in the configuration process.

Figure 7.86 Feature Finder Tool Edit Panel

Toolset 1.Tool 2 Edit

Image Hame
Passes
Max. HMHumbexr

HMominal £

Image Name: Feature Image Configuration

The feature image configuration procedure for the feature finder tool is
identical to the same procedure for the reference window tool. Refer to the
Feature Image Configuration section of Chapter 6, page 630, for details.

P&P: Search Window Configuration

The search window configuration procedure for the feature finder tool is
identical to the same procedure for the reference window tool. Refer to the
Search Window Configuration section of Chapter 6, page 6-33, for details.

Passes: First and Second Pass Configuration

Refer to the Sngle Pass vs Double Pass section of Chapter 6, page 6-34, for
adiscussion of the application considerations involved in choosing Single
Pass or Double Pass.

First Pass Configuration

Thefirst pass configuration procedure for the feature finder tool isidentical
to the same procedure for the reference window tool. Refer to the First Pass
Configuration section of Chapter 6, page 6-34, for details.
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Second Pass Configuration

The second pass configuration procedure for the feature finder tool is
identical to the same procedure for the reference window tool. Refer to the
Second Pass Configuration section of Chapter 6, page 646, for details.

Max. Number: Limiting Feature Recognition

The Max. Number selection enables you to limit the number of features that
the feature finder tool recognizes, thereby improving the tool’s efficiency and
conserving system memory.

Nominal (“Learn”) Function

The number appearing in the Nominal field after you pick it indicates the
number of features that matched the stored template, within the limit
imposed by the Max. Number setting in the tool edit panel. Thus, if six
features could match the stored template, but Max. Number were set to 4,
then the maximum “learn” number would be limited to 4.

When you pick the Nominal field, the Feature Locations panel appearsin
the display, as shown by the example in Figure 7.87. At the same time, the
search window and one or more feature windows appear over theimage. In
this example, all six of the dark objects in the search window have been
matched; thus, all six objects show feature windows.

Figure 7.87 illustrates the appearance of the Feature Locations panel and
the windows when using the “Stop When First” parameter.

Figure 7.87 Example: Feature Locations Panel (“Stop When First Feature” Enabled)

/#5 3 #2
e Feature Locations
. . T C MR R T
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3 143, 196 16.198
. . l [ 287. 268 19.889
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The datain the Feature Locations panel appears under three columns,
which are defined as follows:

e Rank — Thisidentifies the featuresin the list in ascending order of their
RMS values. (The currently highlighted item in the panel corresponds to
the green feature window in the image.)

e | ocation — Thisidentifies the X—and Y—axis coordinates of the
upper—eft corner of each feature window.

e RMSError — Thisdisplaysthe calculated RMS (root mean square)
error for each feature (refer to the Pixel Error Parameter Selections
section on page 6-43 for details about RM S error calculations).

Note that rank 1 in the Feature Locations panedl is highlighted. The
corresponding feature window, labeled #1 in the figure, appearsin green. All
the other feature windows appear in red. If ranks 2 through 6 are highlighted,
one at atime, the corresponding feature windows will appear in green in the
numerical order shown in the figure.

Figure 7.88 illustrates the appearance of the Feature Locations panel and
the windows when using the “Stop When Best” parameter.

Figure 7.88 Example: Feature Locations Panel (“Stop When Best Feature” Enabled)
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Note the dlight differences in the coordinate and RM S values in the panel,
and in the numerical order of the feature windows in the image. These
differences arise because the “ stop when best” parameter forces the feature
window to scan the entire search window and record the best match at each
object location.

The “stop when first” parameter, however, causes the feature window to be
satisfied when it matches the designated number of objects that match. The
first match may or may not also be the best match in every case. For
example, object #4 in the “ stop when first” evaluation (X and Y = 215 and
268; RMS = 13.773) becomes object #3 (X and Y =215 and 272; RMS =
10.032) in the “stop when best” evaluation.
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Feature Finder Tool This section discusses the expanded inspection results that are available to a
|nspection Results and math tool formula from a feature finder tool. As Figure 7.89 shows, the
Math Tool Formulas expanded inspection results for a feature finder tool appear in one list.

Figure 7.89 Expanded Results Lists For Feature Finder Tools in Math Formulas

Execute
Pass
Warn

Fail

Total
Faults
Fail High
Warn High
Warn Low
Fail Low
Result
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Min

M ax
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Sum?2

X#

Y#

Scor et

Hereisabrief definition and explanation of each of the expanded result
typeslisted in Figure 7.89.

Execute — Thisreturns a 1.000 when the tool has executed its inspection
task, and 0.000 for al other conditions.

Pass — This returns a 1.000 when the tool has passed its inspection task,
and 0.000 for al other conditions.

Warn — Thisreturns an “error code” when thetool isin awarn
condition (and not in afail condition) and 0.000 for all other conditions.
The error code identifies a specific reason for the warning; for example,
error code 1057.000 identifies “Low range warning” as the cause. The
complete list of error codes and warn conditions appears in Appendix A
of this manual.

Fail — Thisreturnsan “error code” when the tool isin afail condition
and 0.000 for al other conditions. The error code identifies a specific
reason for the failure; for example, error code 1045.000 identifies “High
range fail” as the cause of the inspection failure. The complete list of
error codes appearsin Appendix A of this manual.

Total — Thisreturns the total number of inspections performed.
Faults — This returns the total number of faults detected.
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e Fail High — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the high Fail limit and 0.000 when the result has not
exceeded the high Fail limit.

e Warn High — Thisreturns a1.000 when the inspection result from the
tool has exceeded the high Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the high Warn
limit.

e Warn Low — Thisreturns a1.000 when the inspection result from the
tool has exceeded the low Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the low Warn
limit.

e Fail Low — Thisreturns a1.000 when the inspection result from the
tool has exceeded the low Fail limit and 0.000 when the result has not
exceeded the low Fail limit.

e Result — Thisreturns the actual value of the inspection result; that is, the
feature count from the feature finder tool. This value corresponds to the
“learned” value that appearsin the “Nominal” field of the feature finder
tool edit panel.

e *Samples— Thisreturns the current total number of inspection samples
since the start of run operation.

e *Min — Thisreturns the current minimum value of the inspection results
since the start of the run operation.

e *Max — Thisreturns the current maximum value of the inspection results
since the start of the run operation.

e *Sum — Thisreturns the current sum of all inspection results since the
start of the setup or online run operation.

e *Sum2 — Thisreturns the current sum of the squares of all inspection
results since the start of the setup or online run operation.

o **X# — Thisvalue pertains only to afeature finder tool. “X#" returns the
X coordinate of the center of the feature window designated by the # sign,
where # is the number of the feature.

e **Y# —Thisvalue pertains only to afeature finder tool. “Y#’ returns the
Y coordinate of the center of the feature window designated by the # sign,
where # is the number of the feature.

e **Score#t — Thisvalue pertains only to afeature finder tool.“ Score#”
returns the “score” of the feature designated by the # sign, where # is the
number of the feature. (The features are ranked according to their score
values — the higher the score value, the higher the feature number).

*These expanded statistical results are available only when atool is enabled
for statistics operations, as indicated by a checked Statistics box in the tool’s
Options selection pandl.

**Whenever X#, Y#, or Scorett is selected in amath tool formula, the “#”
sign must be replaced with the appropriate feature number when the
“Single” operation is selected in the math tool edit panel.
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Also, the feature number that replaces the “#’ sign must conform to these
two requirements:

1. The feature number must be a constant non—zero, positive integer.

2. Thefeature number must be equal to, or less than, the maximum number
of features appearing in the window.

When the “Multiple” operation is selected, the “#’sign must be retained in
the formula (replacing or removing the “#” will cause incorrect results). For
details about the Multiple operation mode, see the math tool example,
Example: Using a Sngle Math Tool to Generate Multiple Results, on page
7-144.

Also, seethe Example: List Processing section on page 7-141 for an
additional example of using the “#" in amath formula.

NOTE: Any formulathat references afeature (in the feature window)
whose number is equal to or lower than the Max. Number setting in the
feature finder tool edit panel, but is not found in the feature window, will
cause the math tool to fail. For example, if the Max. Number setting is 10
and the feature finder finds only five features, the math tool will fail if the
formula references features 6 through 10.
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Math Tool The math tool enables the CVIM2 system to perform mathematical and/or
logical operations, using formulas that you specify, on results data from any
of the inspection or reference tools in the same tool set as the math tool
(cameras must be combined in a single toolset to share results). Your
inspection application can use results data from these operations instead of,
or in addition to, results data from individual tools, according to your specific
requirements.

This chapter provides detailed information about the math tool, the functions
that it can perform in an inspection application, and its configuration. The
functions and formula sel ections are defined on the pages listed in Table 7.6.

Table 7.6 Math Tool Functions: Page Locations

Function Formula Selection Page No.
Sine 7-120
Arcsine 7-121
Cosine 7-121
Arc cosine 7-121
Trigonometry Tangent 7-121
Arc tangent 7-122
Arc tangent 2 7-122
Degrees 7-123
Radians 7-123
And 7-124
Not 7-125
. Or 7-126
Logic Xor 7-126
Test 7-127
Range 7-127
Bit and 7-128
Bit-logic Bip not 7-128
Bit or 7-129
Bit xor 7-129
Average 7-130
Maximum 7-131
Minimum 7-131
Statistics Median 7-131
Mode 7-131
Standard deviation 7-131
Variance 7-131
Absolute 7-133
Distance 7-133
Modulo 7-133
Square 7-133
. Square root 7-134
Miscellaneous Sum 7134
Integer 7-134
Fraction 7-134
X scale 7-134
Y scale 7-134
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Once you have selected a math tool as outlined in the Overview: Inspection
Tool Selection Process section (page 7-1), you can configure a formula for
that tool by picking the Math field in the tool set edit panel. (One math tool
must be selected and configured for each formularequired in a particular
inspection application.)

When you pick the Math field, the math tool edit panel appears, as shown by
the examplein Figure 7.90.

Figure 7.90 Example: Selecting the Math Tool Edit Panel

Edit "Toolset 1"
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Math Enakled

Envivonment Fils EBditors Zsoueity
=] Toolset 1
Tools Bispisy  bone

\ Math tool name

(default position)

Toolset 1.Tool 4 Edit

Opevation Lingle
Loops i
Hominal a. eaa

Note in Figure 7.90 that the math tool name appears on the screen in its
default name (“ Tool n") and position.

The math tool edit panel (named “ Toolset 1.Tool 4 Edit” in Figure 7.90)
contains several data fields and buttons, which are described briefly as
follows:

e Operation — Thisfield selects either the Single operation mode, during
which the math tool produces one result, or the Multiple operation mode,
during which the math tool can produce multiple results when certain
configuration requirements are met. (For details about the Multiple
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operation mode, see the math tool example, Example: Using a Sngle
Math Tool to Generate Multiple Results, on page 7-144).

e | oops— Thisfield enables you to set the number of results to produce
when Multiple operation is selected.

e Nominal — When you pick thisfield, the currently selected and
configured math tool performs atest operation, and the results data from
the operation appear in this field. The type of results data depends on the
formula and the selected operation (Single or Multiple). The initial value
is 0.000.

e Formula— The [IEED3El button accesses the math tool’s formula entry
keyboard, which is used to configure all formulas.

e Ranges— The [EEE= button accesses the range-selection panel, which
can be used to define range limits for formula results.

e Values— The [EGEEE button is active only when the Multiple operation
is selected. When you pick this button, the Math Values panel appears
and lists one or more results values from the formula.

e P& P Name — The IEEEEE button accesses the Pick & Place panel,
which enables you to reposition the math tool name within the image.

e Done— When you pick the Izl button, the system exits back to the
toolset edit panel.

NOTE: If an“illegal” nameis entered (such as “tin” for the trig function
“tan”), or an “illegal” math sequence used (such as “{Tool 1} +"), a“Bad
formula.” message box will appear on the screen.

Overview: Math Tool A math tool can be selected when the tool set edit panel is on the screen.

Configuration Starting from the main menu bar, the selection path to this panel is as
follows: Editors— Configuration — Setup — Tools. This selection path
is shown by the examplein Figure 7.1 (page 7-2).

Hereisasummary list of the basic math tool configuration steps, listed in
their normal order of performance:

1. Select math tool operation mode.

Select number of loops (Multiple operation).

Select formula keyboard.

Configure formula.

Learn nominal value.

Check values (Multiple operation).

Select ranges.

“Pick and place” math tool name.

© N Uk~ wD
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When you pick the [EE=IEE button on the math tool edit panel, the formula
entry keyboard appears, as shown in Figure 7.91.

Figure 7.91 Selecting the Formula Entry Keyboard
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Note that this keyboard is similar to other “typewriter” type keyboards used
throughout the CVIM2 user interface, with the exception of the second and
third rows of keys. These keys provide the gateway to the formula—building
math operators and operands. The remaining keys provide the usual alpha
and numeric entry and control functions, as described in Chapter 2, CVIM2
System Configuration: An Overview, on page 2-14.

NOTE: A formulacannot exceed 127 characters, since that is the length of
the formula entry input buffer.

The second row keys operate as “macro” keys, in the sense that they enable
you to enter formula components from listsin severa panels, thus using
fewer keystrokes. Here is a brief description of the second row keys:

e Resultskey — The [IEESEEl key accesses the Results panel, which lists
all of the toolsthat precede the math tool in the toolset edit panel. When
you select one of these toals, it will supply to the formulaits results from
the current inspection.
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e Previouskey — The key accesses the Previous Results
panel, which lists all of the toolsin the toolset edit panel (including the
math tool). When you select one of these tools, it will supply to the
formulaits results from the previous inspection.

e Trigkey — The IEEEE key accesses the Trig Functions panel, which
listsal of the trigonometry “operators’ that are available to aformula.

e Logical key — The IEEE=8 key accesses the Logical Functions panel,
which lists al of the logical “operators’ that are available to aformula.

e Bit key — The lEEEl key accesses the Bit Functions panel, which lists
al of the “bit—wise” logical “operators’ that are available to aformula.

e Statskey — The IEEE key accesses the Stats Functions panel, which
listsall of the statistics “operators’ that are available to aformula

e Misc key — The [ key accesses the Misc Functions panel, which
lists several miscellaneous “operators’ that are available to aformula.

NOTE: You cantypeaformula, or edit any part of one, using only the
character keys on the keyboard. If you do, however, you must use exactly
the same format (the same brackets, spacing, case, and so on) that appears
when you select aformula function using the panels.

The third row keys enter math and logical operators directly into aformula.
Hereisabrief description of the third row keys:

e Add key — The Il key enters an add (+) symbol in the formula, which
causes the right operand to be added to the left operand.

e Subtract key — The Il key enters a subtract (—) symbol in the
formula, which causes the right operand to be subtracted from the | ft
operand.

e Multiply key — The Il key enters amultiply (3<) symbol in the
formula, which causes the left operand to be multiplied by the right
operand.

e Divide key — The @ key enters adivide (/) symbol in the formula,
which causes the left operand to be divided by the right operand.

e Greater than key — The [l key is used to enter a“greater than” (>)
symbol between two valuesin aformula. It produces alogic “1" result if
the left operand is greater than the right operand; otherwise, it produces a
logic “0” resullt.

e Lessthan key — The [l key is used to enter a“lessthan” (<) symbol
between two valuesin aformula. It producesalogic “1” result if the left
operand is less than the right operand; otherwise, it produces alogic “0”
result.
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e Greater than or equal key — The Bl key is used to enter a“greater
than or equal” (=) symbol between two valuesin aformula, which
produces alogic “1" result if the left operand is greater than or equal to
the right operand; otherwise, it produces alogic “0” result.

e Lessthan or equal key — The Il key is used to enter a“less than or
equal” (<) symbol between two valuesin aformula. It producesa“1”
result if the left operand is less than or equal to the right operand,;
otherwise, it produces a“0” result.

e Equal key — The Il key isused to enter an equal (=) symbol between
two valuesin aformula. It producesa“1” result if the left operand is
equal to the right operand; otherwise, it producesa“0” result.

e Not equal key — The [l key is used to enter an equal (#) symbol
between two valuesin aformula. It producesa*“1” result if the left
operand is not equal to the right operand; otherwise, it producesa*“0”
result.

e Open parenthesis key — The Il key is used to place an open
parenthesis (() symbol at the beginning (left) of some group of valuesin
formula. It isused to set the order of evaluation within aformula. Nesting
of parenthesesislimited by the length of the formula entry input buffer,
which is 127 characters.

e Close parenthesiskey — The [l key is used to place aclose
parenthesis (0) symbol at the ending (right) of some group of valuesin
formula. It is used to close an open parenthesis.

The following sections provide details, etc., of using the formula entry keys
listed above.
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Results

When you pick the [IEZZEZ key, the Results panel appears, as shown by the
examplein Figure 7.92.

Figure 7.92 Example: Results Panel
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The Results panel provides three scrolling lists, whose functions are
described as follows:

e Theleft list contains al of the toolsetsin the current configuration. The
list illustrated in Figure 7.92 contains Toolset 1 and Toolset 2, which are
the two toolsets in the current configuration. The function of the left list is
to enable the user to select inspection results from any tool set within the
current configuration.

e Thecenter list contains the basic results sources from the current
inspection cycle that are available to a math tool formula. The list
illustrated in Figure 7.92 contains the basic results sources for Toolset 2,
asfollows:

— “Missed” refersto the missed trigger counter. When it isselected in a
math formula, “Missed” returns the current missed trigger counter for
the tool set.

— “In1 through In4” refersto discrete I/O inputs that must be configured
in the Discrete I/O Editor panel before they can have any effectina
math tool formula. When one of these inputsis selected in amath
formula, it returns the state of the corresponding input line as alogic
“1" or logic “0.”

— “Execute Group#” refersto the execution status of a group of tools
that precedes the math tool in the tool set edit panel (see Figure 7.90 on
page 7-111). The group number (1 to 32) is specified by the “#” sign.
Thisresult sourcereturnsalogic “1” if any one tool in the group
executes during the inspection cycle, and alogic “0” if no tool in the
group executes.
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— “Pass Group#” refersto the “pass’ status of a group of tools that
precedes the math tool in the toolset edit panel (see Figure 7.90 on
page 7-111). The group number (1 to 32) is specified by the “#’ sign.
Thisresult source returnsalogic “1” if all toolsin the group pass
during the inspection cycle, and alogic “0” if any one tool in the
group fails.

— “Fail Group#” refersto the “fail” status of a group of tools that
precedes the math tool in the toolset edit panel (see Figure 7.90 on
page 7-111). The group number (1 to 32) is specified by the “#’ sign.
Thisresult sourcereturnsalogic “1” if any onetool in the group fails
during the inspection cycle, and alogic “0” if no tool fails.

— “Tool 1 through Tool 4” refersto the four tools that precede the math
tool inthe tool set edit panel (see Figure 7.90 on page 7-111). During an
inspection cycle, tools 1 through 4 are always processed before the
math tool. Their results are stored in system memory, where they are
available to a math tool formula during the same inspection cycle.

NOTE: Results from tools that follow a math tool in the tool set edit
panel are not available to that math tool during the same inspection cycle.

e Theright list contains expanded tool results that pertain to the tool
highlighted in the center list. Thelist illustrated in Figure 7.92 is empty at
thistime. However, when one of the four tool (Tool 1 through Tool 4) is
highlighted in the center (basic results) list, the corresponding expanded
tool results will appear in thislist.

The Results panel has two buttons, which are described briefly as follows:

e Done— When you pick the button, the system exits back to the
formula entry keyboard and enters the highlighted results selection into
the formula entry field in the keyboard.

e Cancel — When you pick the button, the exits back to the
formula entry keyboard, but does not enter any highlighted results
selection into the formula entry field.
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Basic Results Sour ces

When you highlight atool in the center list of the Results panel and pick the
[l button, the tool name appears in braces in the formula entry field of
the keyboard . . .

{Tool 1}
... and the Results panel then exits from the screen.

{Tool 1} could operate as a“formula’ by itself, but more typically it would
be a component of alarger formula. In either case, {Tool 1} returns the basic
results from Tool 1 in the toolset edit panel.

The specific content of the basic results depends on the specific inspection
tool type and the tool operation selected for it. Generally, the basic results
corresponds to the “learned” value appearing in Nominal field of the tool
edit panel. For example, if Tool 1 were agage tool configured for linear
measurement, the basic results data that {Tool 1} returns would be the
distance value between Feature A and Feature B on the gage tool.

Expanded Tool Results

When you highlight atool in the center (basic results) list, the expanded tool
results for that tool appearsin the right list, as shown by the examplein
Figure 7.93. The specific selections that appear in the expanded results list
depend on the inspection tool type and the tool operation selected for it. The
examplein Figure 7.93 illustrates a partial list of expanded results for a
window tool.

Figure 7.93 Example: Selecting Expanded Tool Results

Results

Toolset 1 1 Faults

Toolset 2 Fail High

Toolset 3 Harn High
Harn Low
Fail Low
HResul t

Height#

When you highlight an entry in the right list and pick the [EZZ8 button, the
entry appears in braces in the formula entry field of the keyboard . . .

{Tool 3.Height#}
... and the Results panel then exits from the screen.

You will find detailed information about the expanded results selections that
are available to each tool at the end of each tool section in this chapter and in
Chapter 6, Reference Tools.

7-118
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 7

Inspection Tools

Previous Results

When you pick the [IE=EZZl key, the Previous Results panel appears, as
shown by the example in Figure 7.94.

Figure 7.94 Example: The Previous Results Panel

Previous Results

Execute

Pass I-

Harn

Fail [

Total
r.

Faul t=
Fail High

Harn High

The Previous Results panel provides two scrolling lists, whose functions
are described as follows:

e Theleft list contains the basic results sources from the previous
inspection cycle that are available to a math tool formula.

e Theright list contains the expanded tool results that pertain to the tool
highlighted in the left list.

(Note that unlike the Results panel, the Previous Results panel does not
enable access to previous inspection results from other toolsets.)

Since these basic and expanded results are from the previous inspection
cycle, not the current one, results from all toolsin the toolset are available to
amath tool formula, including the tools that follow the math tool in the
toolset edit panel. Otherwise, these results are the same as those that are
described in the Basic Results Sources and Expanded Tool Results sections
on page 7-118.

NOTE: A mathtool using aPrevious Results formulawill awaysfail the
first inspection, since no “previous results’ are available at that time.

When you highlight an entry in the right list (for example) and pick the
I button, the entry appears in brackets in the formula entry field of the
keyboard . . .

[Tool 6.Execute]

... and the Previous Results panel then exits from the screen. (The
brackets are used to differentiate previous results from current results.)

You will find detailed information about the expanded results selections that
are available to each tool at the end of each tool section in this chapter and in
Chapter 6, Reference Tools.
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Trig Functions

When you pick the IEEl key, the Trig Functions panel appears, as shown
by the examplein Figure 7.95.

Figure 7.95 Example: Selecting the Trig Functions Panel

Enter the formula ...

Trig Functions

The Trig Functions panel lists al of the trigonometry functions that a math
tool can perform.

When you highlight any one of these “trig” functions, and then pick the
(= button, it appears in the formula entry field of the keyboard . . .

sin(
... and the Results panel then exits from the screen.

After selecting atrig function from the list, you must enter a value
appropriate to the selected function, followed by a closing parenthesis. At
that point, the entry could operate as a“formula” by itself; however, it would
normally be used as one component of alonger formula.

Hereis abrief description of each of the trig functions:

sin — The “sin” (sine) function calculates the sine of the angle that you enter
after the opening parenthesis. Thus, if you enter sin(45) as a standalone
formula, and then pick the Nominal field in the tool edit panel, 0.707 (the
sine of 45°) will appear in the Nominal field.

Here are some examples that illustrate sine function results for other angles:
e sin(135) =0.707

e sin(225) =-0.707

e sin(315) =-0.707

In atypical application, the sine function would likely be used to express the

sine of an angle returned from atool operation, such asthis:
sin({Tool1.Theta})
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asin — The “asin” (arc sine) function calculates an arc sine (angle) on the
basis of the sine value that you enter after the opening parenthesis. Thus, if
you enter asin(.707) as a standalone formula, and then pick the Nominal
field in the tool edit panel, 44.991 (the arc sine of 0.707) will appear in the
Nominal field. Similarly, if you enter asin(—.707), —44.991 will appear.

Note that the acceptable range of arc sinevaluesis 0.0 to + 1.0. If you enter
avalue greater than 1.0, the Nominal field will display an “Out of domain.”
message box, which indicates that the value cannot be used.

cos— The “cos” (cosine) function calculates the cosine of the angle that
you enter after the opening parenthesis. Thus, if you enter cos(60) asa
standalone formula, and then pick the Nominal field in the tool edit panel,
0.500 (the cosine of 60°) will appear in the Nominal field.

Here are some examples that illustrate cosine function results for other
angles:

e c0s(120) = -0.500
e 0s(240) = -0.500
e 0s(300) = 0.500

In atypical application, the cosine function would likely be used to express
the cosine of an angle returned from atool operation, such asthis:

cos({Tooll.Theta})

acos— The"acos” (arc cosine) function calculates the arc cosine (angle) on
the basis of the cosine value that you enter after the opening parenthesis.
Thus, if you enter acos(.5) as a standalone formula, and then pick the
Nominal field in the tool edit panel, 60.000 (the arc cosine of 0.500) will
appear in the Nominal field. Similarly, if you enter acos(-.5), 120.000 will

appear.

Note that the acceptable range of arc cosine valuesis0.0to +1.0. If you
enter avalue greater than 1.0, the Nominal field will display an “Out of
domain.” message box, which indicates that the value cannot be used.

tan — The “tan” (tangent) function calculates the tangent of the angle that
you enter after the opening parenthesis. Thus, if you enter tan(30) asa
standalone formula, and then pick the Nominal field in the tool edit panel,
0.577 (the tangent of 30°) will appear in the Nominal field.

Here are some examples that illustrate tangent function results for other
angles:

e tan(90) = 353013952228677

e tan(180) =-0.000

In atypical application, the tangent function would likely be used to express
the tangent of an angle returned from atool operation, such asthis:

tan({Tool1.Theta})
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atan — The “atan” (arc tangent) function calculates the arc tangent (angle)
on the basis of the tangent value that you enter after the opening parenthesis.
Thus, if you enter atan(.5) as a standalone formula, and then pick the
Nominal field in the tool edit panel, 26.565 (the arc tangent of 0.500) will
appear in the Nominal field. Similarly, if you enter atan(-.5), —26.565 will

appear.

Note that the acceptable range of arc tangent valuesis 0.0 to co.

atan2 — The“atan2” (arc tangent “2") function calculates the arc tangent
(angle) on the basis of entering positive and negative Y—axis and X—axis
values after the opening parenthesis. It takes the form “atan2(y,x),” wherey
isthe Y—axisvalue and x is the X—axis value.

The unique aspect of the atan2 function isits ability to identify the quadrant
in which an angle islocated. It makes this distinction on the basis of the signs
of the Y—axis and X—axis values. Thus, if you enter atan2(20,20) asa
standalone formula, and then pick the Nominal field in the tool edit panel,
45.000° (the arc tangent of 20 + 20 or 1.000) will appear in the Nominal
field.

Similarly, atan2(-20,20) yields—45.000°, atan2(—20,-20) yields
—135.000°, and atan2(20,—20) yields 135.000°. Thus, while each tangent
value (that is, y + X) in each of these examplesis + 1.000, the four possible
combinations of the signs of x and y enables the atan2 function to determine
the specific quadrant in which the angle is located.

In the CVIM2 image coordinate system, which is shown in Figure 7.96 (page
7-123), the angles are derived as indicated on the basis of the signs of x and y.
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Figure 7.96 CVIM2 image: X and Y Values and Corresponding Angles for atan2

~20,-20 = —135° -20,20 = —45°
A —20Y A
20X . +20X
3+
- i +20Y .
» 20-20=+135 2020 = +45° X

For an example of using the atan2 function to find an angle in the image,
refer to the Math Tool Formula Examples section on page 7-137.

dgrs— The “dgrs” (degrees) function converts radians to degrees on the
basis of the radian value that you enter after the opening parenthesis. Thus, if
you enter dgrs(3.14159) as aformula, and then pick the Nominal field in
the tool edit panel,180.000 will appear in the Nominal field, indicating that
3.14159 radians was converted to 180.000 degrees.

rads— The“rads” (radians) function converts degreesto radians on the
basis of the degree value that you enter after the opening parenthesis. Thus, if
you enter rads(180) as aformula, and then pick the Nominal field in the
tool edit panel, 3.142 will appear in the Nominal field, indicating that 180
degrees was converted to 3.142 radians.
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Logical Functions

When you pick the [EZ2=8 key, the Logical Functions panel appears, as
shown by the example in Figure 7.97.

Figure 7.97 Example: Selecting the Logical Functions Panel

Enter the formula ...

(=1 (=1 | | B (= (=

| I | 1 | R |
[ = s s s e e e s
(0 () () (S () ) ) () (=
= (N () () (e (=
) () () () () () () () () |
| ] |

The Logical Functions panel lists all of the logic operators that are available
to amath tool.

The“and,” “or,” and “xor” logic operators perform logical operations when
placed between two valuesin aformula, whereas the “not” operator is placed
ahead of an expression containing other logic operators. The “test” operator
requires a single value to be placed immediately after the opening
parenthesis (and must be followed by a closing parenthesis). The “rng”
operator requires three values.

The value(s) used with alogic operator are usually inspection results of some
kind. They are always either zero or non—zero, and can be thought of as
“inputs’ to alogic operator. Thus, if an input value is zero, it is considered to
be“false,” and if it is non—zero, it is considered to be “true.” The result or
“output” from all of these logic operatorsiseither alogic “1” or alogic “0,”
according to whether or not the input logic condition is satisfied for the
particular logic operator.

Hereis abrief description of each logic operator and an example of its use:

and — The “and” logic operator is inserted between two or more
expressions (such as inspection results values) in aformula. If the value of
each expression (“input”) islogic “1” (or non—zero), the result of the logic
operation (“output”) will bealogic “1.” If any input is zero, however, the
output of the formulawill be alogic “0.”

Figure 7.98 (page 7—125) uses a simple example of aformulato illustrate the
relation of the “and” logic operation in aformula.
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Figure 7.98 Example: Using a Logical “and” Function
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In this example, Tool 1.Pass, Tool 2.Pass, and Tool 3.Pass will each yield
alogic “1” when the corresponding tool passesitsinspection task. The
formulawill yield alogic “1” when all three tools pass (and each yields a
logic “1").

In another example, such as the following . . .
{Tool2}and{Tool3}

... Tool 2 could be an object—counting window tool returning a count of 8,
and Tool 3 could be agage tool returning alinear measurement of 312.000
pixels. Since both of these inputs are non—zero, the formulain this case will
output alogic “1” result.

not — The “not” logic operator is used with expressions containing other
logic operators, and its effect isto invert the normal logic result from such
expressions. It must be inserted ahead of the expression that it modifies.
Thus, if the “not” operator is appended to the example formulain

Figure 7.98, it will appear asfollows. . .

not({Tooll.Pass}and{Tool2.Pass}and{Tool3.Pass})

In this example formula, Tool 1.Pass, Tool 2.Pass, and Tool 3.Pass will
each yield alogic “1” when the corresponding tool passes its inspection task.
The formula would normally yield alogic “1” when all three tools pass (and
each yieldsalogic “1"). The “not” operator, however, causes the normal
logic “1” result from the formulato be inverted to logic “0.”
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or — The“or” logic operator is inserted between two or more expressions
(such as inspection results values) in aformula. If the value of any one
expression (“input”) islogic “1” (or non—zero), the result of the logic
operation (“output™) will bealogic “1.” If all inputs are zero, however, the
output of the formulawill be alogic “0.”

In asimple example, the results from three tools are “ ored” together in a
formulaasfollows:

{Tooll.Fail High}or{Tool2.Fail Low}or{Tool3.Warn Low}

Thesetool results will each yield alogic “1" when the “fail” or “warn” range
limit for the corresponding tool is exceeded. The formula will yield alogic
“1” when any one of the threetoolsyieldsalogic “1.”

In another example, such asthe following . . .
{Tool1}or{Tool2}

... Tool 1 could be an abject—counting window tool returning a count of O,
and Tool 2 could be a gage tool returning an X—axis value of 156.000 pixels.
Since at least one of these inputs is non—zero, the formulain this case will
output alogic “1" result.

xor — The“xor” (exclusive “or”) logic operator isinserted between two
expressions (such as inspection results values) in aformula. If the values of
the expressions (“inputs’) on both sides of the “xor” operator are non-zero,
the result (“output”) of the logic operation will be alogic “0.” If only one
input is non—zero, the output will be alogic “1.” If both inputs are zero, the
output will bealogic“0."

In this example, if Tool 2 is an object—counting window tool returning a
count of 8 and Tool 3 isagage tool returning alinear measurement of
312.000 pixels, this “xor” formulawill output alogic “0" result, since both
of the inputs are non—zero.

In asimple example, the results from two tools are “xored” together in a
formulaasfollows:

{Tool1.Fail High}xor{Tool2.Fail High}

These tool results will each yield alogic “1” when the “fail high” range limit
for either tool is exceeded. The formula will yield alogic “1” when one of
the two toolsyieldsalogic “1.” If both toolsyield logic “1” or “0,” the
formulawill yield alogic “0.”
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test — The “test” logic operator evaluates the expression following the
parenthesis. If the value of the expression is non—zero, the output from the
“test” operation will bealogic “1.” Conversdly, if the value of the
expression is zero, the output from the “test” operation will be alogic “0.”

In asimple example, the result from onetool is“tested” in aformula, as
follows:

test({Tool3})

In this example, if the Tool 3 result is 12, the formula will output alogic “1,”
since the tool result is non—zero.

rng— The“rng” (range) logic operator evaluates the expression following
the parenthesis to determine whether a particular value lies within a specified
range of values. If the value does satisfy the range test, the output from the
“rng” operation will bealogic “1.” Conversely, if the value does not satisfy
the range test, the output from the “rng” operation will be alogic “0.”

The value and range limits are entered from the keyboard immediately after
the open parenthesis in this order: minimum range limit, value, maximum
range limit. The entries must be separated by commas.

In asimple example, the result from one tool is range—checked in aformula,
asfollows:

rng(300,{Tool3},320)

In this example, the minimum range limit is 300, the value (Tool 3 result) is
312.000 pixels, and the maximum range limit is 320. Since the value,
312.000, does lie within the 300 to 320 range limitsin this case, the formula
will output alogic “1.” If the value were <300 or >320, the formulawould
output alogic “0.”

Bit Functions

When you pick the lEEl key, the Bit Functions panel appears, as shown by
the examplein Figure 7.99 (page 7-128).

The Bit Functions panel lists al of the bit-evel logic operators that are
available to amath tool.

The“band,” “bor,” and “bxor” logic operators perform logical operations
when placed between two values in aformula, whereas the “bnot” operator
is placed ahead of an expression containing other logic operators.

7-127
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 7

Inspection Tools

Figure 7.99 Example: Selecting the Bit Functions Panel

Enter the formula ...

Bit Eunct ions

The value(s) used with a bit-evel logic operator are usually numeric
inspection results of some kind. These values can be thought of as“inputs’ to
the logic operator, which converts them to binary equivalent valuesfirst, and
then performs the selected bit-evel logic operation.

Theresult or “output” from all of these bit—evel logic operatorsis aways a
decimal number, not alogic “1” or “0.”

band — The “band” (bit and) logic operator is inserted between two
expressions (such as inspection results values) in aformula. The values of
the expressions (“inputs’) on both sides of the “band” operator are
converted to binary equivalents and are “anded” at the binary level. The
binary result of the logic operation (“output”) is then converted back to
decimal form.

In a simple example, two values are “bit-anded,” as follows:
87band119

In this example, the ASCII value of the uppercase character “W” (871¢) is
bit—anded with the ASCII value of the lowercase “w” (1191g). The effect is
to convert the lowercase “w” to uppercase “W” by changing bit 5to 0, as
follows:

8710
11949

1010111,
1110111,
1010111, = 874,

)AND

bnot — The “bnot” (bit not) logic operator is used with expressions
containing other logic operators, and its effect is to invert the normal logic
results from such expressions to their 32—bit “1's’ complement. The “bnot”
operator must be inserted ahead of the expression that it modifies.

Thus, if the “bnot” operator is appended to the “bxor” example formula
above, it will appear as follows:

bnot87bxor119
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In this example formula, the decimal value 87, is bit—xored with the
decimal value 1191, which produces aresult of 3230. The whole expression
is then modified by the “bnot” operator, the effect of which isto invert all bit
positionsin a 32—hit version of the decimal 321, changing it to a 32-bit
“1's’ complement result, as follows:

11934

1010111,
1110111,
0100000, = 327,

) XOR

0000 0000 0000 0000 0000 0000 0010 0000,
BNOTY

1111 1111 1111 1111 1111 1111 1101 1111, = 429496726319

3210

However, since the 32-hit number resulting from the “bnot” operation istoo
large, because of internal restrictions, that number can be “masked” down to
amore useful size by bit—-anding it with an 8-hit mask of “1's’ (that is,
25510). The complete example formula would then appear as follows:

(bnot87bxorl119)band255

Thiswill yield avalue of 223;¢, as shown below:

1111 1111 1111 1111 1111 1111 1101 1111, = 429496726319
0000 0000 0000 0OOO 0000 0000 1111 1111, = 25559
0000 0000 0000 0OOO 0000 0000 1101 1111, = 22319

bor — The“bor” (bit or) logic operator isinserted between two expressions
(such asinspection results values) in aformula. The values of the
expressions (“inputs’) on both sides of the “bor” operator are converted to
binary equivalents and are “ored” at the binary level. The binary result of the
logic operation (*“ output”) is then converted back to decimal form.

In asimple example, two values are “hit—ored,” asfollows:
87bor119

In this example, the ASCII value of the uppercase character “W” (8710) is
bit—ored with the ASCII value of the lowercase “w” (119¢). The effect isto
convert the uppercase “W” to lowercase “w” by changing bit 5to 1, as
follows:

11934

1010111,
11101117) OR
1110111, = 11979

bxor — The “bxor” (bit “exclusive” or) logic operator is inserted between
two expressions (such as inspection results values) in aformula. The values
of the expressions (“inputs”) on both sides of the “bxor” operator are
converted to binary equivalents and are “xored” at the binary level. The
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1891879hinary result of the logic operation (“output™) is then converted back
to decimal form.

In a simple example, two values are “bit—xored,” as follows:
87bxor119

In this example, the decimal value 87, is bit—xored with the decimal value
11910. The effect isto convert al bit positions to 0 that have matching 1 bits
or O bits (that is, 1 and 1 become 0; 0 and O remain 0), as follows:

8710
11939

1010111,
1110111,
0100000, = 321¢

) XOR

Statistics Functions

When you pick the ISl key, the Stats Functions panel appears, as shown
by the examplein Figure 7.100.

Figure 7.100 Example: Selecting the Statistical Functions Panel

Enter the formula ...

Stats Eum::t ions
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The Stats Functions panel lists al of the statistics functions that a math tool
can perform.

After selecting a stats function, you must enter one or more values, as
required for the selected function, that are separated by commas and
followed by a closing parenthesis. At that point, the entry could operate asa
“formul@’ by itself; however, it would normally be used as one component of
alonger formula.

Hereisabrief description of each of the “stats’ functions:

*avg — The“avg” (average) function calculates the average of alist of
values.
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For example, the following formula cal cul ates the average area of the four
smallest contours in awindow using a black or white contour operation:

avg([wWinl.Areal],[Winl.Area2],[Winl.Area3],[Winl.Area4])

In thisexample, if Areal =907, Area2 = 1022, Area3 = 1202, and Area4 =
1302, the formula would calculate an average value of 1108.250.

*max — The “max” (maximum) function finds the largest valuein alist of
values. The values must be separated from each other by commas.

For example, the formula“max(2,34,458,1,8977)" will return aresult of
8977.000.

*min — The “min” (minimum) function finds the smallest value in alist of
values. The values must be separated from each other by commas.

For example, the formula*“min(2,34,458,1,8977)" will return aresult of
1.000.

*med — The “med” (median) function sorts alist of valuesin ascending
order, then returns the value of the center position for an odd number of
values, or the average of the two center values for an even number of values.
The values must be separated from each other by commas.

For example, in a formula containing an odd number of values, such as
“med(82,3,86,2,43),” the formulafirst sorts the values in ascending order,
(2,3,43,82,86), then returns the center value, 43.000.

In aformula containing an even number of values, such as
“med(82,3,86,2,-15,8),” the formulafirst sorts the valuesin ascending
order, (-15,2,3,8,82,86), then returns the average value of the two center
values, 5.500.

*mode — The mode function finds the one value in alist of values that
appears most often. If no value appears any more often that any other value,
the mode function returns the lowest value in the list. The values must be
separated from each other by commas.

For example, the formula“mode(2,3,2,3,3)" will return the value 3.000,
since that value occurs more often than 2.

*std — The “std” (standard deviation) function cal culates the standard
deviation of alist of values. It calculates the standard deviation for the list of
values.

For example, the formula“std(34,32,35,37,36,33)” will return 1.708,
which is the standard deviation for thislist of values.

*var — The“var” (variance) function calculates the “variance” of alist of
values. The sequence of calculationsisthis. Compute the average value of
the valuesin the list; subtract the average value from each value in the list;
compute the sguare of each of these differences; compute the average value
of the squared differences.
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For example, the formula “var(5,8,10)” will be calculated as follows:

1. Compute the average value of thelist:
5+8+10=23
23 + 3=7.667

2. Subtract the average value from each value in the list:
5 — 7.667 = —2.667

8 — 7.667 =0.333
10 — 7.667 = 2.333

3. Sqguare each of the differences:

—2.667 x —2.667=7.113
0.333 x 0.333=0.111
2.333 X 2.333=5.443

4. Compute the average value of the squared differences:
7.113+0.111 + 5.443 = 12.667
12.667 ~+ 3=4.222

Thus, the variance in this exampleis 4.222.

*Each of the statistics functions can perform “list” processing on inspection
tools that produce multiple results, such as awindow tool performing a black
contour operation. For details of the list processing function, refer to the
Example: List Processing section on page 7-141.

Miscellaneous Functions

When you pick the IEE key, the Misc Functions panel appears, as shown
by the examplein Figure 7.101.

Figure 7.101 Example: Selecting the Misc Functions Panel

Enter the formula ...
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The Misc Functions panel lists various additional functions that a math tool
can perform.

After selecting amisc function, you must enter one or more values, as
required for the selected function, followed by a closing parenthesis. At that
point, the entry could operate asa“formula’ by itself; however, it would
normally be used as one component of alonger formula.

Hereisabrief description of each of the miscellaneous functions:

abs— The “abs” (absolute) function converts a negative number to its
absolute value. For example, the formula“abs(—45)” will convert —45to
45.

dst — The“dst” (distance) function calculates the distance, in pixels, from
one position in the image to another position. It performs this calculation on
the basis of entering the X—axis and Y —axis coordinate values after the
opening parenthesis (and separating them by commas). The dst function
formulatakes the form “dst(X1,Y1,X2,Y>),” where X; and Y; arethe
coordinates of one paosition, and Xy and Y, are the coordinates of the other
position.

The dst function performs the distance computation by using the
Pythagorean theorem: The sguare of the hypotenuse of a right angle triangle
is equal to the sum of the squares of the two sides.

Thus, to find the distance between two points in the image (the hypotenuse of
aright angle triangle), the dst function squares the distance along the X—axis
(one side of the triangle) and the Y—axis (the other side of the triangle€), then
computes the square root of the sum of the two squares.

For an example of using the dst function to measure a distance in the image,
refer to the Math Tool Formula Examples section on page 7-137.

mod — The“mod” (modulo) function divides the first value entered after
the opening parenthesis by the second value, and it returns the remainder or
“modulo,” if any, resulting from the division operation. The mod function
formulatakes the form “mod(X1,X5),” where X1 isthe dividend, and X2 is
the divisor.

For example, the formula“mod(45,11)" will divide 45 by 11 (which results
in aquotient of 4 and aremainder of 1) and return amodulo value of 1.000.

sqr — The“sqr” (sguare) function calcul ates the square of the value entered
after the opening parenthesis. Thus, the formula“sqr(25)” will return avalue
of 625.000.
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sgrt — The “sqrt” (square root) function cal cul ates the square root of the
value entered after the opening parenthesis. Thus, the formula“sqrt(25)”
will return avalue of 5.000.

*sum — The “sum” function calculates the expression entered after the
opening parenthesis. Thus, the formula*“sum(1,2,3,4)” will return a value of
10.000, while the formula“sum(25/20)” will return avalue of 1.250.
Similarly, the formula“sum({Tool 1},{Tool 2})” will return avalue of
190.000, where the Tool 1 result is 43.000 and the Tool 2 result is 147.000.
Further, “sum({Tool 1.Area#})” will return the sum of the areavalues for
tool 1.

*The sum function can perform “list” processing on inspection tools that
produce multiple results, such as awindow tool performing a black contour
operation in awindow tool. For details of the list processing function, refer
to the Example: List Processing section on page 7-141.

int — The“int” (integer) function converts a floating point value to an
integer. It performs the conversion by truncating the fractional portion of the
value. Thus, the formula“int(56.034)” will return a value of 56.000
(“int(-56.034)” will return —56.000).

frac— The“frac” (fraction) function converts afloating point valueto a
fraction. It performs the conversion by truncating the integer portion of the
value. Thus, the formula“frac(56.034)” will return avaue of 0.034.

xscale— The “xscale” function returnsthe “ X scale” parameter from the
calibration data pertaining to a specific camera number, which is entered
after the opening parenthesis. The xscale function formulatakes the form
“xscale(C1),” where C1 isacameranumber (1 through 6).

The X scale parameter is the computed ratio of the measurement unit (such
asinches) used in the calibration to a linear measurement, in pixels, along the
X—axis. Thus, 311.656 pixels along the X—axis may represent a calibrated
value of 3.000 inches for Camera 1. In this case, the scale factor would be
0.010 (rounded to three places). Therefore, the formula “xscale(1)” would
return a value of 0.010.

yscale— The “yscale” function performs the same function as the “xscale”
function , except it returnsthe“Y scale” parameter.
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This section discusses the expanded inspection results that are available to a
math tool formula from another math tool. As Figure 7.102 shows, the

expanded inspection results for a math tool appear in onelist.

Figure 7.102 Expanded Results List For Math Tools in Math Formulas

Execute
Pass
Warn

Fail

Total
Faults
Fail High
Warn High
Warn Low
Fail Low
Result
Valuett
Samples
Min

M ax

Sum
Sum?2

Hereisabrief definition and explanation of each of the expanded result
typeslisted in Figure 7.102.

Execute — Thisreturns a 1.000 when the tool has executed itsinspection
task, and 0.000 for al other conditions.

Pass— This returns a 1.000 when the tool has passed its inspection task,
and 0.000 for all other conditions.

Warn — Thisreturns an “error code” when thetool isin awarn
condition (and not in afail condition) and 0.000 for all other conditions.
The error code identifies a specific reason for the warning; for example,
error code 1057.000 identifies “Low range warning” as the cause. The
complete list of error codes and warn conditions appears in Appendix A
of this manual.

Fail — Thisreturns an “error code” when the tool isin afail condition
and 0.000 for al other conditions. The error code identifies a specific
reason for the failure; for example, error code 1049.000 identifies
“Could not access result” as the cause of the inspection failure. The
complete list of error codes and fail conditions appearsin Appendix A of
this manual.

Total — Thisreturns the total number of inspections performed.
Faults — Thisreturns the total number of faults detected.

7-135

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 7

Inspection Tools

e Fail High — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the high Fail limit and 0.000 when the result has not
exceeded the high Fail limit.

e Warn High — Thisreturns a1.000 when the inspection result from the
tool has exceeded the high Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the high Warn
limit.

e Warn Low — Thisreturns a1.000 when the inspection result from the
tool has exceeded the low Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the low Warn
limit.

e Fail Low — Thisreturns a1.000 when the inspection result from the
tool has exceeded the low Fail limit and 0.000 when the result has not
exceeded the low Fail limit.

e Result — Thisreturns the actual value of the math tool result. Thisvalue
corresponds to the “Nominal” value that is“learned” in the math tool
setup panel.

e Value#t — This pertainsto alist of values that another math tool,
configured for “Multiple” operation, has acquired from atool that returns
multiple results (for example, awindow tool using the black contour
operation.)

e *Samples— Thisreturns the current total number of inspection samples
since the start of run operation.

e *Min — Thisreturns the current minimum value of the inspection results
since the start of the run operation.

e *Max — Thisreturns the current maximum value of the inspection results
since the start of the run operation.

e *Sum — This returns the current sum of all inspection results since the
start of the setup or online run operation.

e *Sum2 — This returns the current sum of the squares of all inspection
results since the start of the setup or online run operation.

*These expanded statistical results are available only when atool is enabled
for statistics operations, as indicated by Stats appearing in the Enabled
column for the corresponding tool.

7-136
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Math Tool Formula
Examples

Chapter 7

Inspection Tools

This section contains several examples that demonstrate some of the methods
of using math tool formulas.

Example: ATN2 Function

Since the “atan2” (arc tangent “2") function returns an angle whose value
and sign identifies the quadrant in which the angle is located, as shown in
Figure 7.96 (page 7-123), it can be used to indicate the angle of rotation of a
linein the image, where 0° is at the 3 0’ clock position, as shown by the
examplein Figure 7.103.

Figure 7.103 Example: Two Gages Configured for Use in ATN2 Function

Envivowmsent Fiis Editors  Ssouriity Hesosvoss

=] Toolset Nol
Tools Display Done

In the example, line A—B isrotated clockwise from the 0° axis of the image.
Two gage tools are used to determine the X—axis and Y —axis coordinates of
two points (edges) along line A—B. The coordinates of the Gage 1 edge are X
=141 and Y = 227, while the coordinates of the Gage 2 edge are X = 398
andY = 86.

The atan2(YY,X) function uses positive or negative values along the Y —axis
and X—axisin order to calculate an angle (and its quadrant). In the example
above, these Y and X values are derived from the changes in the values of Y
and X between Gage 1 and Gage 2; thus, the change in Y isfrom 227 (Gage
1) to 86 (Gage 2), or —141, while the change in X isfrom 141 (Gage 1) to
398 (Gage 2), or +257.
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The X and Y values are derived in aformulathat is set up on the formula
entry keyboard as shown in Figure 7.104.

Figure 7.104 Example: Using the ATN2 Function in a Math Tool Formula

Enter the formula ...
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In this formul a, inspection results from Gage 1 and Gage 2 are used. Since
these gages are both configured for the Y Position operation, the primary
results are the Y —axis coordinate values. Thus, {Gage 2}-{Gage 1} is
evaluated as 86 — 227, which is—141. The secondary results are the X—axis
coordinate values. Thus, {Gage 2.Ax}{Gage 1.Ax} is evaluated as 398 —
141, which is +257. (In effect, this formula operates as though it were set up
using the constants —141 and +257, asin atan2(—141,257), which calculates
the angle as—28.751°.)

With the formula set up as shown in Figure 7.104, when you pick the
Nominal field in the math tool edit panel, the system performs one “test”
operation of the formula and returns an angle of —28.603°.

Example: DST Function

The“dst” (distance) function returns the distance, in pixels, from one point
to another in the image, using the X—and Y—axis coordinates of each point to
perform a calculation based on the Pythagorean theorem. Figure 7.105
provides an example that demonstratesits use in aformula

Figure 7.105 Example: Two Gages Configured for Use in DST Function
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In this example, two gages are used to find edge coordinate values on an
object intheimage. The X and Y values returned by these gages are
incorporated into the formulathat is set up on the formula entry keyboard as
shown in Figure 7.106.

Figure 7.106 Example: Using the DST Function in a Math Tool Formula

Enter the formula ...
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In this formula, inspection results from Gage 1 and Gage 2 are used. Since
these gages are both configured for the X Position operation, the primary
results are the X—axis coordinate values, while the secondary results are the
Y—-axisvalues. Thus, {Gage 1},{Gage 1.Ay},{Gage 2},{Gage 2.Ay}is
evaluated as 33, 246, 478, and 246. (In effect, this formula operates as
though it were set up using the constants 33,246,478,and 246, asin
dst(33,246,478,246), which calculates the distance as 445.000 pixels.)

With the formula set up as shown in Figure 7.106, when you pick the
Nominal field in the math tool edit panel, the system performs one “test”
operation of the formula and returns a distance of 444.997 (pixels).

Example: Using Multiple Windows to Count Objects

In a situation where a single window tool cannot be used to count objects
because of the difficulty or impossibility of masking unwanted objects within
the window, multiple window can be used, along with a math tool formula, to
count these objects. Figure 7.107 (page 7-140) illustrates a rectangular
workpiece on which the inspection application looks for four rivets — one
rivet at each corner of the workpiece.

In this case, the combination of asingle window tool and a mask cannot
remove all of the objects whose size is the same as the rivets. However, four
window tools, each positioned over asingle rivet and configured to count
black objects, as shown in Figure 7.107, along with a math tool, configured
to add the object counts from each window, can perform this application.
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Figure 7.107 Example: Four Window Tools Configured to Corner Objects

The formulais set up on the formula entry keyboard as shown in
Figure 7.108.

Figure 7.108 Example: Formula Configured to Sum Results From Four Window Tools

Enter the formula ...
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With the formula set up as shown in Figure 7.108, when you pick the
Nominal field in the math tool edit panel, the system performs one “test”
operation of the formula and returns a total of 4.000.

By setting the window tools' Fail High and Fail Low range limits to 1.000,
each window tool will yield a“Pass’ condition if it detects a single object, or
a“Fail” result if it detects no object, or more than one object.

By setting the math tool’s Fail High and Fail Low range limits to 4.000, the
math tool will yield a“Pass’ condition if all four windows detect asingle
object, or a“Fail” result is any window fails.
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Example: List Processing

Some tool operations can produce, in addition to basic tool results, a variety
of multiple results. In such cases, a math tool can be configured to access and
process the multiple results either individually, or collectively, asa“list” of
values. Thelatter caseiscalled “list processing.”

For instance, suppose that a window tool, using the “Black contours”
operation, identifies ten black objects that meet previously specified area
limits. A math tool formula can be configured to access and process each of
the ten area valuesindividually, one step at atime. Or, if appropriate, the
formula can be configured to access all ten values (the “list”) and process
them in asingle step using statistics functions (such as “avg”) or other
functions (such as “sum”).

In Figure 7.109, an example window tool is shown using the Black contours
operation. In this example, the perimeter and area parameters have been
activated in the Target panel. As a consequence, the window, which contains
15 contours, hasidentified 12 of them as objects on the basis of their
perimeter and area measurements. During an inspection cycle, the window
tool calculates the perimeter and area values for each of the 12 objects.

Figure 7.109 Example: Window Tool Using Black Contours Operation

Edit "Toolset 1.Tool 1"

Operation Black Contours
Two Pass

Hindow Shape Rectangle

Fast Unweap

Mask Shape Hone

Mask Mode Dunamic
MHominal iz

IP&P Hindow
IThresh/Filter IRanges
ITarget IDone

Figure 7.110 illustrates how a math tool formula could be set up for list
processing. In this example, the formula performs an “avg” function on the
arearesults from all 12 objects shown in Figure 7.109.

Figure 7.110 Example: Formula Configured For List Processing

Entexr the formula ...
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The first element in the formulais“avg(” from the Stats. Functions panel;
the second element is “{Tool 1.Area#}" from the Results panel; and the
third element is a closing parenthesis from the keyboard. Thus, the complete
formula appears as follows:

avg({Tool 1.Area#})

When the Nominal field in the math tool Edit panel is picked, it displaysthe
average area of the 12 objects.

Example: Using Formulas to Perform Complex Inspections

Some inspection decisions require more than using only the results data from
inspection tools as the direct basis for the decision. For some application
situations, results data from multiple tools, and from a previous math tool,
may be usefully employed in a second math tool. Figure 7.111 illustrates
using four gages and window to measure a circular workpiece.

Figure 7.111 Example: Four Gage Tools and One Window Tool Configured to Measure

/”\

In this example, the four gages measure the diameter of the circular object,
and the window measuresiits area. The gages al have their Fail High and
Fail Low range limits set to 10.5 and 9.5, respectively.

The first formula evaluates the “ pass’ result of each gage (which yields a
logic “1” for pass, and alogic “0” for fail), then adds the logic results. Thus,
if al four gages pass, the math tool result is 4.000, the sum of the four logic
“1” results. Thisformulais set up on the formula entry keyboard as shown in
Figure 7.112 (page 7-143).
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Figure 7.112 Example: Formula Configured to Sum “Pass” Results From Four Gage
Tools

Enteyr the formula ...
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NOTE: A math formulathat sums a series of “tool fail” results, such as. ..
{Gage 1.Fail}+{Gage2.Fail}+{Gage3.Fail}+{Gage4.Fail}

... would not work properly, since “tool fail” results are non-ogic error
code values when they are “true,” and the sum would be unpredictable (see
Appendix A for alist of error codes). However, by adding the “test”
function, asfollows. . .

test({Gage 1.Fail})+test({ Gage 2.Fail})+ . . . test({Gage n.Fail})

... each error code would be converted to alogic “1,” and the sum would
thus become predictable.

The second formula evaluates the area returned by the window tool and
performs alogical “and”’ operation with the results of the first math tool.
Thus, if the window tool returns an area of 47000 or more pixels, and the
first formulareturns aresult of 3 or greater (meaning that three of the four
gages passed), then the second math tool returnsalogic “1”; otherwise, it
returnsalogic “0.” Thisformulais set up on the formula entry keyboard as
shown in Figure 7.113.

Figure 7.113 Example: Formula Configured to AND Window Tool and First Math Tool
Results

Enter the formula ...
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The second formula range limits could all be set to 1.000; thus, if the window
tool returns aworkpiece area of at least 47000 pixels AND at |east three of
the four gage tools pass their measurement inspections (that is, they return
linear measurements between 9.5cm and 10.5¢cm), then the second math tool
will also pass (that is, it will return alogic “1”).
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Example: Using a Single Math Tool to Generate Multiple Results

This example illustrates the requirements for configuring a math tool to
generate multiple results from awindow tool using a black contours
operation to generate multiple results. When configured for Multiple
operation, a single math tool can thus generate the same number of results as
an equivalent number of math tools using Single operation.

When you pick the Operation field in the math tool edit panel while
“Single” is displayed, the field will toggle to “Multiple,” as shown in
Figure 7.114.

Figure 7.114 Math Tool Edit Panel After Selecting Multiple Operation

Edit "Toolset 1.Tool 3"

Operation Multiple

Loops

Hominal

Note that the Loops field and the (= button become active when
Multiple operation is selected.

In this example, it is assumed that the window tool and math tool are entered
in the toolset edit panel as shown in Figure 7.115. It is aso assumed that the
window tool is configured to use the black contours operation to generate the
“area’ results values of a maximum of 15 objects (for details about window
contours operations, see the White Contours; Black Contours section on page
740 of this chapter).

Figure 7.115 Toolset Edit Panel

Edit "Toolset 1"

Hum Hame Tupe Condition Ref .

1 Tool 1 Hindow Enabhled
3+ 2 | Tool 2 Math Enakled

After the [EEZ52l button has been picked to access the formula entry
keyboard, the formulafor acquiring the “ared’ results valuesis entered into
the keyboard as shown in Figure 7.116 (page 7-145).
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Figure 7.116 Example: Selecting “Area” Formula For Multiple Operation
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After the button is picked and the formula entry keyboard exited, the
Loops field in the math tool edit panel must be set to 15 in order to “loop”
through the formula up to 15 times.

When the Nominal field is picked, the math tool “learns’ the number of
objects whose area has been generated, and this value appearsin thefield, as
shown in Figure 7.117. Note that in this example the number is 14, one less
than the number allowed by the Loops setting of 15.

Figure 7.117 Example: “Learning” the Number of Objects

Edit "Toolset 1.Tool 2" Edit "Toolset 1.Tool 2"

Operation Multiple Operation Multiple
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Next, when the [EEE==ll button is picked, the Math Values panel appears, as
shown in Figure 7.118 (page 7-146).
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Figure 7.118 Example: Displaying Area Values in Math Values Panel

Math Ualues

Edit "Toolset 1.Tool 2"

Ualuel

Operation Multiple Yalue2
Ualueld

Loops 15 Valued
. Ualued
Hominal 14.B888 Valuet
Ualue?

Ualued

Ualue?

ValuelB
Ualuell
Ualuel2

The area values appearing in the “scrolling” list are in the same order in
which they appear in the window tool. In this example, 14 arearesults values
are listed. Note that only the first 12 values appear initially — the list would
have to be “scrolled” to display the remaining values.
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This section discusses the profile tool and the inspection functions
(“operations”) that it can perform.

The profile tool is an area tool that can be used to find edge locations and
measure distances between edges on images whose edges are otherwise too
indistinct for reliable gage tool operation. The profile tool creates a gray
scale profile of an inspected object, and then identifies one or more features
on the profile. These features are the basis for edge location, distance
measurement, and object counting operations.

Once you have selected a profile tool as outlined in the Overview:
Inspection Tool Selection Process section (page 7—1), you can configure it
for an inspection application by picking the Profile field in the toolset edit
panel. When you do, the profile tool edit panel appears, as shown by the
examplein Figure 7.119.

Figure 7.119 Example: Selecting the Profile Tool Edit Panel
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When aprofiletool isfirst selected, it appears in the upper—eft corner of the
image field, as shown in Figure 7.119.
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The profile tool edit panel (named “Toolset 1.Tool 5 Edit” in Figure 7.119)
contains several parameter selection fields and buttons, which are described
briefly as follows:

e Operation — Thisfield provides access to the selection of one of the five
profile tool “operations.” The default profile tool operation is Position,
which is afeature (“edge”) location operation.

e Direction — Usethisfield to pick either the X or the Y direction. This
selection determines the axis on which the profile tool will perform its
measurements. The default selectionis“X” (for the X axis).

e Filter 1 — Usethisfield to pick any one of eight gray scale morphology
filters (or “None”) to be applied on the profile image, according to the
requirements of your application. The default selection is None.

e Filter 2— Thisfield has the same function as the Filter 1 field. When
filters are selected in both fields, the Filter 2 filter will be processed after
the Filter 1 filter.

e Nominal — When you pick thisfield, the currently selected and
configured profile tool performs atest operation, and the resulting
inspection results data appear in thisfield. The type of results data
depends on the selected profile tool operation. Theinitial value is 0.000
or 0, according to the selected profile tool operation.

e P&P — The [l button provides access to the “ pick and place” function
for the profile tool. For details about this function, see Chapter 5, Pick
and Place Functions.

e Thresh — The[E==a button accesses the threshold adjustment function
and the morphology filter selection panels. For details about the

morphology filter functions, see Chapter 8, Thresholds, Filters, and
Morphology.

e FeatureA, Feature B — The [E=Z=3l and buttons access the
“feature” selection panelsfor the“A” and “B” features on the profile. The
button is active only when the “ Distance” operation is selected
for the profile toal.

e Ranges— The == button accesses the range-selection panel, which
defines limits for profile tool inspection results.

e Done— When you pick the BEEE button, the system exits back to the
toolset edit panel.
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This section defines the components of the profile tool and, using asimple
example, illustrates the initial part of the profile tool setup process.

The four components of the profile tool are described briefly, as follows:

e Profile window — The profile window appearsin red outline. It has the
same function as a window tool or imagetool, in the sense that it defines
an “area of interest” (AQI), which is the portion of the image field that
the profile tool processesin order to produce the profile image.

e Profileimage— The profileimageisasingle line of “pixels,” each of
which represents the average gray scale value of a column or row of
pixelsin the profile window, according to the direction selection. (The
profile image does not appear on the screen.)

e Profiledisplay — The profile display appearsin green outline. Itisa
graphic representation of the profile image.

(The profileimage, if it were displayed, would appear as asingle line of
gray scale pixels and would be difficult to use for inspection tool
measurements. Instead, the gray scale datain the profileimageis
displayed graphically as the profile display.)

e Threshold display — The threshold display appearsin yellow outline. It
isagraphic representation of agray scale value ranging from O to 255.

The threshold display’s function is similar to the threshold of a gage tool,
in the sense that areas of the profile image “above’ the threshold are
considered to be “foreground objects,” while areas “below” the threshold
are considered to be “background objects.” Points where the profile image
inter sects the threshold are considered to be “edges.”

When you pick the button, the profile display and threshold display
components are turned off, and the profile window becomes visible (red) in
its entirety. The window can then be repositioned to an appropriate location
over the “pin connector” workpiece, asillustrated by the examplein

Figure 7.120 (page 7-150).

When you exit the pick and place function, the profile tool processes the new
AOQI, and the profile display (green) and threshold display (yellow) then
reappear, as shown in Figure 7.121 (page 7-150).

In general, the profile display depicts “contours’ of the image within the
profile window; however, its appearance and orientation in each particular
case are functions of the selectionsin the Direction, Filter 1, and Filter 2
fieldsin the tool edit panel. These fields, along with the threshold and feature
buttons, are discussed in the remainder of the Profile Tool section.
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Figure 7.120 Example: Positioning the Profile Window Over Workpiece
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Figure 7.121 Example: Profile and Threshold After Pick and Place Operation
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Profile Window

As noted earlier, the profile window defines the portion of the image field to
be processed for a particular application. The profile tool processes each row
(or column) of pixelsin the profile window on the basis of the “ X" (or “Y")
selection in the Direction field, as follows:

e Whenthe"X” direction is selected, the profile tool calculates the average
gray scale value of each column of pixels, and draws the profile display
along the X axis.

e Whenthe“Y” direction is selected, the profile tool calculates the average
gray scale value of each row of pixels, and draws the profile display aong
theY axis.

Profile Display

The profile display is a graphic depiction of the profile image, which is
created by calculating the average gray scale value of each column of pixels
(for the “ X" direction) or row of pixels (for the“Y” direction) within the
profile window, and it is superimposed over the corresponding parts of the
image.

The profile display graphs the profile image's gray scale values (which can
range from O to 255) and it provides a resolution of one pixel per gray scale
value. Thus, the potential size of the profile display on the screen is 256
pixels high (for the “X” direction), or 256 pixelswide (for the“Y” direction).
Accordingly, the profile display’s actual size on the screen is affected by the
cameraresolution (it will appear larger when lower camera resolutions are
selected). Also, its position on the screen is adjusted so that it can never
extend beyond the screen.

X Direction Profile Display

When the “X” direction is selected, the profile display is oriented with the
variations in profile amplitude appearing along the X, or horizontal, axis of
the image field. In this case, the bottom of the profile display represents the O
(zero) reference point for gray scale levels ranging from O to 255, while the
top of the display represents the average value for each column of the
processed image (maximum value: 255).
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Figure 7.122 uses the “pin connector” workpiece in Figure 7.121 to illustrate
an “ X" direction profile display.

Figure 7.122 Example: “X” Direction Profile Display

Ly
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Note that the “X” direction was selected for the pin connector in this example
because it is the appropriate choice for “profiling” the connector pins, which
are arrayed along the X axis. If the“Y” direction had been selected instead,

the profile display would appear asillustrated in Figure 7.123.

Figure 7.123 Example: “Y” Direction Profile Display

“Q" gray scalelevel
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gray scale values of each
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In this case, since the profile display is a graphic depiction of the average
gray scale value of each row of pixels within the profile window, it provides
no useful basis for measuring any of the features on the pin connector.
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Y Direction Profile Display

When the*Y” direction is selected, the variations in amplitude appear along
theY, or vertical, axis. In this case, the |eft side of the profile display
represents the O (zero) reference point for gray scale level ranging from O to
255, while the right side of the display represents the average value for each
row of the processed image (maximum value: 255).

Figure 7.124 uses the same workpiece shown in Figure 7.121, rotated 90°
clockwise, toillustrate a“Y” direction profile display.

Figure 7.124 Example: “Y” Direction Profile Display
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Threshold Display

The threshold display is a graphic representation of the current threshold
setting. It can be adjusted, using the threshold adjustment slide bar, within a
range of 0 to 255 (see the Threshold Adjustments and Mode Selection
section, on page 7-170, for details about the threshold adjustment procedure).
Figure 7.125 shows the threshold display at alevel of 128.

Figure 7.125 Example: Default Threshold Relative to Profile Display

AR
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Threshold
at level 128

Using the slide bar, you can adjust the threshold display to alevel that is best
suited for the application. Figure 7.126 shows the threshold display at alevel
of 87, which causes the profile tool to detect an abnormality. (In this
example, the abnormality represents a“broken pin” on a connector. Asa
conseguence, the profile tool will detect two fewer edges than when the pins
areal intact.)

Figure 7.126 Example: Threshold Relative to Profile Display
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at level 87
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The threshold setting should be the one that optimizes the profile tool for its
assigned inspection task of locating edges, counting edges, counting objects,
or measuring distances between edges, according to the tool operation
selected in the Operation field of the profile tool edit panel.

A profile tool can be selected when the toolset edit panel is on the screen.
Starting from the main menu bar, the selection path to this panel is as
follows. Editors — Configuration — Setup — Tools. This selection path
is shown by the example in Figure 7.1 (page 7-2).

Hereisasummary list of the basic profile tool selection and configuration
steps, listed in their normal order of performance:

1. Select the profile tool operation.

Select the profile direction.

“Pick and place” the profile tool.

Select morphology filter(s), if necessary. (For details, see Chapter 8,
Thresholds, Filters, and Morphology.)

Set the profile threshold.

Select profile filters, if necessary.
Select the feature(s).

Learn the nominal value.

Select the ranges.

A wbd

© © N o U

As noted earlier, there are five profile tool operations. When you pick the
Operation field in the profile tool edit panel, the Operation selection panel
appears, as shown in Figure 7.127.

Figure 7.127 Operation Selection Panel for Profile Tool
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BG OhJjects

QO Edges
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Hereisabrief description of each profile tool operation:

e Position — This operation identifies the location (the X or Y coordinate)
of the selected feature in the image. The location result depends on the
direction of the profile tool’s operation; for example, when the selected
Direction is“X,” the location result will be the X coordinate of the
feature. Thisisthe default operation.

e Distance — This operation measures the distance, in pixels, between two
pointsin the profile image, identified as “ Feature A” and “Feature B” on
the profile display.

e FG Objects— This operation counts the number of foreground objects,
which are the areas in the profile image that are “above” the threshold
Setting.

e BG Objects— This operation counts the number of background objects,
which are the areas in the profile image that are “below” the threshold
setting.

e Edges— This operation counts the number of edgesin the profile image.
(Edges are located at points where the profile display intersects the
threshold display.)

Position

This operation configures a profile tool to locate an object along either the
X—axis or the Y—axis of the image, according to the selection in the
Direction field. Position is the default operation.

The position operation is similar to the position operations for a gage toal, in
the sense that they both return the X or Y coordinate of a selected feature or
“edge’ on an object. The main difference is that a gage tool identifies objects
on the basis of abinary or gray scale threshold setting, while a profile tool
identifies objects on the basis of where the profile image crosses the
threshold.

When the X direction is selected, the position operation returns the absolute
horizontal position, in pixels, of a specified feature. The X positionis
reported in pixels, with the origin (0 coordinate) being the left boundary of
the image.

Figure 7.128 (page 7-157) illustrates a profile tool using the position
operation in the X direction.

In this example, the specified feature on the profile display corresponds to
the left edge of a connector pin, and it isidentified as “ offset 1.0” in the
Feature selection panel. In the tool edit panel, the X—axis position of this
feature is shown to be 129.553 pixels from the left boundary of the image
field. (Note: The Feature selection panel is described in detail in the
Feature Selection Functions section on page 7-164.)
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Figure 7.128 Example: Reporting the X Coordinate of a Single Edge

Edit "Toolset 1.Tool 1"

Operation Position
Divection X

Filter 1 Erosion
Filter 2 Erosion
Hominal 129.553

~o Feature

When the workpiece is rotated 90°, and the Y direction selected, the position
operation returns the absolute vertical (Y) position, in pixels, of aspecified
feature. In this case, the origin (0 coordinate) is the top boundary of the
profile image.

Distance

This operation configures a profile tool to measure the distance between two
features on an object. The measurement is performed aong either the X—axis
or the Y—axis of the image, according to the selection in the Direction field.

The distance operation is similar to the linear measure operation for a gage
tool, in the sense that they both return the distance, in pixels, between two
selected features or “edges’ of objects. The main difference isthat a gage
tool identifies abjects on the basis of abinary or gray scale threshold setting,
while a profile tool identifies objects on the basis of where the profile image
intersects the threshold setting.

When the X direction is selected, the distance operation measures the
distance, in pixels, between two specified features along the X axis.
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Figure 7.129 illustrates a profile tool using the distance operation in the X
direction.

Figure 7.129 Example: Reporting the Distance Between Two Edges Along X Axis
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In this example, the specified features on the profile display correspond to
the left edge of the leftmost connector pin and the right edge of the rightmost
connector pin, both of which are identified as “offset 1.0” and “ offset 26.0”
in their respective Feature selection panels. In the tool edit panel, the
distance between these features is shown to be 291.757 pixels. (Note: The
Feature selection panel is described in detail in the Feature Selection
Functions section on page 7-164.)
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Foreground Objects; Background Objects

These two operations configure a profile tool to count the number of
“foreground” or “background” objects along the display image. The object
counting is performed along either the X—axis or the Y—axis of the image
field, according to the selection in the Direction field.

In the context of profiletool object counting operations, the terms
“foreground object” and “background object” have specific meanings, as
follows:

e Foreground object — An areain the profile image where the gray scale
values of the “pixels’ are “above” the threshold setting.

Foreground objects appear as areas in the profile display that are above
(in the X direction) or to theright (inthe Y direction) of the threshold
display.

e Background object — An areain the profile image where the gray scale
values of the “pixels’ are “below” the threshold setting.

Background objects appear as areasin the profile display that are below
(inthe X direction) or to theleft (inthe Y direction) of the threshold

display.

These object counting operations are similar to the binary object counting
operations for a gage tooal, in the sense that they both return the number of
foreground or background objects. (See Binary Gaging Mode: Foreground
Objects on page 7-8 and Binary Gaging Mode: Background Objects on
page 7-9, for a comparison.)

When the X direction is selected, the object counting operations count
objects along the X axis, asisillustrated in Figure 7.130 (page 7-160).

The examplein Figure 7.130 illustrates a profile window positioned over a
row of rectangles on a“workpiece” and the resulting profile display. The
threshold display is shown intersecting the profile display graphic at the
default “gray scale” level (128).

In this example, the profile tool can identify either two foreground objects or
three background objects, according to the selected tool operation. The two
foreground objects correspond to the two lighter rectangles and the light
spaces on both sides of them. (Note that the light areas at each end do not
qualify as foreground abjects, since they do not lie completely within the two
ends of the profile window.) The three background objects correspond to the
three darker rectangles.

7-159
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 7

Inspection Tools

Figure 7.130 Example: Identifying Foreground and Background Objects
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When the Y direction selected, the object counting operation will count
objectsaong the Y axis.

Edges

This operation configures a profile tool to count the number of “edges’ in the
profile image. The edge counting is performed along either the X—axis or the
Y —axis of theimage field, according to the selection in the Direction field.

In the context of the profile tool’s edge counting operations, the term “ edge”
refers to a point where the profile image intersects the threshold setting.
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The profile tool’s edge counting operation is similar to the edge counting
operations for a gage toal, in the sense that they both return the number of

edges.
When the X direction is selected, the edge counting operation counts edges
along the X axis, asillustrated in Figure 7.131.

Figure 7.131 Example: Identifying Edges
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In Figure 7.131, the profile window is positioned over the pins on a13—pin
connector, and it produces the profile display as shown. In this example, the
threshold has been set to gray scale level 87. At that level, the profile tool
detects only 24 edges (instead of 26), since it misses the broken pin.

When the workpiece is rotated 90°, and the Y direction selected, the edge
counting operation will count edges along the Y axis.
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Direction

Filter 1 and Filter 2

7-162

The profile tool performsits operations along either the X—axis or the
Y —axis, as determined by the selection in the Direction field of the tool edit
panel.

When the “X” direction is selected, the profile tool calculates the average
gray scale value of each column of pixels within the profile window and
draws agraph or “profile’ of the average values along the X—axis.

When the “Y” direction is selected, the profile tool calculates the average
gray scale value of each row of pixelswithin the profile window and draws a
graph or “profile’ of the average values along the Y—axis.

For more information about direction, refer to the Profile Display section on
page 7-151.

The Filter 1 and Filter 2 fields provide access to several morphology
filtering functions that affect the profile image. Each filter field provides
access to a Filter selection panel, and each panel contains an identical list of
morphology functions.

When filtering functions are selected from both filter fields, the effect on the
profile display is cumulative, with the Filter 1 selection performing its
morphology filter function first. (For additional information about
morphology functions, refer to Chapter 8 of this manual under the following
headings: Morphology Function, page 8-13; Binary Morphology, page 8-16;
and Gray Scale Morphology, page 8-20.)

When you pick either filter field, the corresponding Filter selection panel
appears, as shown by Figure 7.132.

Figure 7.132 Example: Filter Selection Panel
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The Filter selection panel lists eight morphology filtering functions and a
“size” selection field. Morphology is an image processing technique that
evaluates a neighborhood of pixels with the object of adjusting or changing
anindividual pixel’s gray scale value on the basis of the gray scale values of
its neighbors.

Hereis abrief description of each morphology filter function:

None — This selects no morphology filter function.

Smoothing — This function “smoothes’ edges and rounds sharp corners
in the profile image without affecting the larger shapes or contours of the
image. Its performance is similar to a gray scale average function.

Erosion — Thisfunction “erodes’ the foreground objects (and,
conversely, expands the background objects). The result is that
foreground objects in the profile image get narrower, while background
objects get wider. Its performanceis similar to agray scale “Min”
function.

Erosion has the opposite effect of dilation.

Dilation — This function “dilates’ the foreground objects (and,
conversely, shrinks the background objects). The result is that background
objectsin the profile image get narrower, while foreground objects get
wider. Its performanceis similar to agray scale “max” function.

Dilation has the opposite effect of erosion.

Opening — This function operates as an erosion followed by a dilation.
The result is that small foreground objects can be eliminated without
affecting the size of background objects. Its performance is similar to a
gray scale “min” followed by a“max.”

Opening has the opposite effect of closing.

Closing — This function operates as a dilation followed by an erosion.
Theresult isthat small background objects can be eliminated without
affecting the size of foreground objects. Its performanceissimilar to a
gray scale “max” followed by a“min.”

Closing has the opposite effect of opening.

Well — This function performs a closing, then subtracts the original
profile image from the closed image. This allows the profile tool to filter
out large background objects and retain only small background objects
for analysis.

WEel| has the opposite effect of hat.

Hat — This function performs an opening, then subtracts the original
profile image from the opened image. This allows the profile tool to filter
out large foreground objects and retain only small foreground objects for
analysis.

Hat has the opposite effect of well.

Gradient — This function subtracts the minimum gray scale value in the
morphology neighborhood from the maximum gray scale value in the
neighborhood. The result is a profile image with the “edges’ enhanced.
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Feature Selection
Functions
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The Filter selection panel also hasa*Size” field, which is used to select the
size (or width) of the morphology filter to be applied to the profile image.
The default sizeis 1.

The“Position” and “Distance” profile tool operations employ “features’ to
identify the edges used to locate a position or measure a distance.

A profile tool can detect several edges, of which only one or two are required
for the location or distance measurement. Thus, the edge selection functions
enable you to select particular edges or other features related to the edges,
and to determine other aspects of the search for these edges, including search
direction and search mode. These subjects are discussed in detail in this
section.

When you pick either of the IEEE=all buttons on the profile tool edit panel, a
Feature selection panel appears, as shown in Figure 7.133.

Figure 7.133 Example: Selecting the Feature Selection Panel
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The threshold setting relative to the profile image determines which
foreground—to—background transitions are detected as edges. The purpose of
the feature selection function is to specify which of these edges (or midpoints
between edges) are to be identified as “features,” and used as the basis for
the ingpection operation. Each of these features is defined by an offset.
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Note that the Position operation needs to specify only one feature, while the
Distance operation needs to specify two features. In the first case, only the
button is active; in the second case, the IS button and the
button are both active.

In addition to specifying the appropriate offsets, the feature selection process
al so specifies the edge search direction and the edge search mode.

Hereis abrief description of the feature selection functions:

e Mode— The mode selects a particular group of edges that a profile tool
evaluates when searching for a specified feature.

e Direction — The direction function selects the direction of the search for
the specified features along the length of the profile image.

e Offset — The offset function enables you to identify one edge, or a
midpoint between two edges, as the specified feature.

e Method — The method selection determines whether a midpoint offset is
located exactly midway across an object, or is skewed toward the “ center
of gravity” of an object.

Mode

When you pick the Mode field in the Feature selection panel, the Feature
Mode selection panel appears on the screen, as shown in Figure 7.134.

Figure 7.134 Feature Mode Selection Panel
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The operation of the profile tool feature modesis described briefly as
follows:

e All Edges — This feature mode causes the profile tool to include all
detected “edges’ in its search for a specified feature (this includes edges
and all midpoints between each pair of consecutive edges, the center
between the extreme edges, and the starting edge).
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e FG Border — Thisfeature mode restricts the search for a specified
feature on the basis that the first edge (offset 1.0) isthe first point where
the profileimage is “below” the threshold setting.

e BG Border — Thisfeature mode restricts the search for a specified
feature on the basis that the first edge (offset 1.0) is the first point where
the profile image is “above’ the threshold setting.

e Max Object — This feature mode restricts the search for a specified
feature to the leading edge and the midpoint of the largest identified
“object” along the length of the threshold.

e Max FG Object — This feature mode restricts the search for a specified
feature to the leading edge and the midpoint of the largest identified
“foreground object” along the length of the threshold.

e Max BG Object — This feature mode restricts the search for a specified
feature to the leading edge and the midpoint of the largest identified
“background object” along the length of the threshold.

e Middle FG Object — This feature mode restricts the search for a
specified feature to the leading edge and the midpoint of the “foreground
object” lying closest to the center of the profile window.

e Middle BG Object — This feature mode restricts the search for a
specified feature to the leading edge and the midpoint of the
“background” object lying closest to the center of the profile window.

All Edges

The all edges feature mode enables you to specify an edge from among the
following points along the length of the threshold:

e All edges detected as aresult of the threshold/filter settings.

e Either end of the profile image, according to search direction.

e The midpoints between adjacent pairs of edges.

e The center point between the first edge and the last edge.

FG Border

The foreground border feature mode isidentical to the all edges mode,
except that offset 1.0 always coincides with a point where the profile image
moves below the threshold level (in terms of its gray scale value).
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BG Border

The background border feature mode isidentical to the all edges mode,
except that offset 1.0 aways coincides with a point where the profile image
moves above the threshold level (in terms of its gray scale value).

Max Object

The maximum object feature mode enables you to specify an edge from
among the following two points on the profile image:
e Thefirst edge (offset 0.0) of the maximum-size object.

e The midpoint (Center) between the first edge and the last edge of the
maximum-si ze object.

Max FG Object

The maximum foreground object feature mode enables you to specify an edge
from among the following two points on the profile image:
e Thefirst edge (offset 0.0) of the maximum-size foreground object.

e Themidpoint (Center) between the first edge and the last edge of the
maximum-si ze foreground object.

Max BG Object

The maximum background object feature mode enables you to specify an
edge from among the following points along the length of the profile image:
e Thefirst edge (offset 0.0) of the maximum-size background object.

e The midpoint (Center) between the first edge and the last edge of the
maximum-—si ze background object.

Middle FG Object

The middle foreground object feature mode enables you to specify an edge
from among the following two points on the profile image:

e Thefirst edge (offset 0.0) of the foreground object nearest the to middle
of the profile window.

e Themidpoint (Center) between the first edge and the |ast edge of the
middle foreground object.
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Middle BG Object

The middle background object feature mode enables you to specify an edge
from among the following points along the length of the profile image:

e Thefirst edge (offset 0.0) of the background object nearest to the middie
of the profile window.

e The midpoint (Center) between the first edge and the last edge of the
middle background object.

Direction

The search direction is the direction used to search for an edge along the
length of the profile image. The two available choices are these: Normal and
Reverse.

When you pick the Direction field (Feature selection panel) successively,
the selection toggles to the opposite direction. Thus, Normal changes to
Reverse, and vice versa

When Normal is selected, the edge search begins at the left side of the
profile display (for the X direction) or the top side (for the Y direction).
When Reverse is selected, the search begins at the right side or bottom side.

The choice of search direction should be based upon which one leads most
directly to the specified edge. Normally, the best search direction is the one
inwhich afalse edgeisleast likely to be encountered.

Offset

The current offset location isidentified on the screen by an offset marker (a
red bar symbol) in the profile display. You can change the offset location by
picking the Offset field successively.

When you pick the Offset field successively, the offset marker moves across
the profile window in the selected search direction. The displayed offset will
be one of these:

e Fixed — Thisrefersto the end of the profile image at which the search
begins.

e Center — Thisrefersto the midpoint between the first edge and the last
edge.

e 10,20, etc. — Thisrefers to an edge specified by number.
e 15 25, etc. — Thisrefers to amidpoint between two adjacent edges.
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Method

The method selection determines the location of a midpoint offset. The two
available choices are these: Midpoint and Weighted.

When you pick the Method field (Feature selection panel) successively, the
selection toggles to the opposite method. Thus, Midpoint changes to
Weighted, and vice versa.

Figure 7.135 compares the two methods. In this example, the profile window
is positioned around two dark objects that are asymmetrical; thus, each
objects’ “center of gravity” is skewed toward itsright side. The threshold is
set near the top of the profile image so the profile tool can detect the extreme
left edge of each object.

Figure 7.135 Example: Comparing the Midpoint and Weighted Methods
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When Midpoint is selected, the midpoint offset will be located exactly
midway between the edges of an object, asillustrated by Figure 7.135 (A).
When Weighted is selected, the offset is skewed rightward, toward the
center of gravity of the object, asillustrated by Figure 7.135 (B).
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Threshold Adjustments
and Mode Selection

7-170

The threshold adjustments determine how the profile imageis divided into
foreground and background objects and where edges are detected by the
profile tool. When you adjust the threshold setting, the position of the
threshold display will move in relation to the profile display. The mode
selection determines whether the threshold setting will be fixed or “dynamic”
during run mode operations.

When you pick the [EZal button on the profile tool edit panel, the
Threshold adjustment panel appears on the screen, as shown by
Figure 7.136.

Figure 7.136 Initial Appearance of Threshold Adjustment Panel (“Fixed” Mode)

Threshold

Threshold

Figure 7.136 shows how the Threshold panel appearsinitially, in its default
state (the “Fixed” threshold mode): It contains a Threshold slide bar with a
single cursor, two fields, and three buttons. The appearance of this panel, as
well asits function, will vary according to the “threshold mode” selection in
the Mode field.

Slide Bar

When the Threshold panel isin theinitial (“Fixed”) mode, the
“Threshold” slide bar provides a means by which you can quickly set the
threshold in relation to the profile image. Picking the Threshold field
accesses a calculator pad, which enables you to “fine tune” the threshold
setting to a specific value.
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When other threshold modes are selected, the slide bar assumes other
functions, which are discussed next in the Mode Selection section.

Mode Selection

When you pick the Mode field in the Threshold panel, the Thresh Mode
selection panel appears, as shown in Figure 7.137.

Figure 7.137 Selecting Thresh Mode Panel

Thresh Mode

EFixed
OMin+¥Diff High
DOMin+#Diff Low
CMintOffset

COMax—0OFffset

The five threshold modes are described in the following sections.

Fixed Mode

Thisis the default threshold mode (see Figure 7.136, page 7-170), and it
indicates that the threshold will remain fixed at the value to which it was last
set by the Threshold slide bar or Threshold field entry. During the “ Fixed”
threshold mode, the slide bar and field have the following functions:

e Threshold slide bar — The Threshold dlide bar uses a single cursor to set
the threshold in relation to the profile image (and change the value in the
Threshold field).

e Threshold field — The Threshold field accesses a “calculator,” which
can be used to select a specific threshold value. The default valueis 128.

The Threshold slide bar, and/or the value entered into the Threshold field,
affect the position of the threshold display as described in the Threshold
Display section on page 7-154. In either case, the threshold can be set to any
gray scale level within the range of 0 to 255 (which represents the lower and
upper limits of the profileimage). Figure 7.125 and Figure 7.126 (page 7—154)
illustrate the threshold graphic at two different gray scale levels.
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Min+% Diff High Mode

When you pick Min+%Diff High in the Thresh Mode panel, the Threshold
panel appears as shown in Figure 7.138.

Figure 7.138 Appearance of Threshold Adjustment Panel With Min+%Diff High Mode
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In this mode, the slide bar has two cursors (the % and High cursors) and two
corresponding fields (the % and Limit fields). The default value for the “ %"
field is 50, and the default value for the “Limit” field is 255.

The Min+%Diff High threshold mode enables you to set up a dynamic
threshold, along with a maximum limit above which the threshold may not go
during run mode operation.

The concept of the Min+%Diff High threshold mode isthis: The profile tool
will find the minimum and maximum gray scale values on the profile display,
and then place the threshold at a position that is equal to the minimum value
plus 50% (default value) of the difference between the minimum and
maximum values, not to exceed an upper limit of 255 (default value).

The practical effect isthis: During run mode operation, the threshold will
automatically readjust itself whenever lighting and other external
circumstances change, but it will not exceed the high limit value.
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Figure 7.139 illustrates the Min+%Diff High threshold mode, using the
default values for the “%” and “Limit" settings.

Figure 7.139 Example: “Min+%Diff High” Threshold Mode

High limit = 255 Threshold at Minimum gray/

scale value = 249
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50% level (182)
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In this example, the profile tool finds the minimum gray scale value at 115
and the maximum value at 249. It calculates the difference, then places the
threshold at the minimum plus % difference, or 115 + (50% x (249 — 115),
which is 182.

Min+% Diff Low Mode

When you pick Min+%Diff Low in the Thresh Mode panel, the Threshold
panel appears as shown in Figure 7.140 (page 7-174).

In this mode, the slide bar has two cursors (the % and Low cursors) and two
corresponding fields (the % and Limit fields). The default value for the “%”
field is 50, and the default value for the “Limit” field is 128.

The Min+%Diff Low threshold mode enables you to set up a dynamic
threshold, along with a minimum limit below which the threshold may not go
during run mode operation.

The concept of the Min+%Diff Low threshold mode isidentical to the
concept of the Min+%Diff High threshold mode, except that the threshold
has alow limit instead of a high limit.
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Figure 7.140 Appearance of Threshold Adjustment Panel With Min+%Diff Low Mode

Threshold

Limit
Mode Min+¥Diff Low

Min+Offset Mode

When you pick Min+Offset in the Thresh Mode panel, the Threshold
panel appears as shown in Figure 7.141 (page 7-175).

In this mode, the slide bar has two cursors (the A and High cursors) and two
corresponding fields (the Offset and Limit fields). The default value for the
“Offset” field is 128, and the default value for the “Limit” field is 255.

The Min+Offset threshold mode enables you to set up a dynamic threshold,
along with a maximum limit above which the threshold may not go during
run mode operation.

The concept of the Min+Offset threshold mode isthis. The profile tool will
find the minimum gray scale values in the profile image, and then place the
threshold at a position that is equal to the minimum value plus the offset
value.

The practical effect isthis: During run mode operations, the threshold will
automatically readjust itself whenever lighting and other external
circumstances change, but it will not exceed the high limit value.
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Figure 7.141 Appearance of Threshold Adjustment Panel With Min+Offset Mode

Threshold
Offset

-

Limi ¢ [Z55 ]
Mode Min+0ffset

Figure 7.142 illustrates the Min+Offset threshold mode, using 69 for the
“Offset” setting and 255 for the “Limit” setting.

Figure 7.142 Example: “Min+Offset” Threshold Mode

/ Threshold at offset plus

High limit = 255 minimum gray scale value
level (115 + 69 = 184)
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In this example, the profile tool finds the minimum gray scale value at 115. It
then adds offset value 69 to minimum value 115 and places the threshold at
the 184 gray scale level (69 + 115 = 184).

7-175
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 7

Inspection Tools

M ax—Offset M ode

When you pick Max—Offset in the Thresh Mode panel, the Threshold
panel appears as shown in Figure 7.143.

Figure 7.143 Appearance of Threshold Adjustment Panel With Max-Offset Mode
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offset

-

Limit
Mode Max—Offset

In this mode, the dlide bar has two cursors (the A and Low cursors) and two
corresponding fields (the Offset and Limit fields). The default value for the
“Offset” field is 128, and the default value for the “Limit” field is 0.

The Max—Offset threshold mode enables you to set up a dynamic threshold,
aong with a minimum limit below which the threshold may not go during the
run mode operation.

The concept of the Max—Offset threshold mode is identical to the concept of
the Min+Offset threshold mode, except that the threshold has a low limit
instead of a high limit.
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Morphology Filter Selection

The and buttons under the slide bar provide accessto
identical morphology selection panels (see Figure 8.13 on page 8-15), from
which you can select gray scale morphology filtering operations. The two
morphology buttons, and the Il button, are effective for all threshold
mode selections in the Mode field.

These morphology filter functions are applied to the gray scale image within
the profile window before the profile tool generates the profile image. (For
detailed information about morphology functions, refer to Chapter 8 of this
manual under the following headings: Morphology Function, page 8-13;
Binary Morphology, page 8-16; and Gray Scale Morphology, page 8-20.)

This section discusses the expanded inspection results that are available to a
math tool formulafrom a profile tool. As Figure 7.144 shows, the expanded
inspection results for a profile tool appear in onelist.

Figure 7.144 Expanded Results Lists For Profile Tools in Math Formulas
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7-178

Hereisabrief definition and explanation of each of the expanded result
typeslisted in Figure 7.144.

Execute — Thisreturns a 1.000 when the tool has executed itsinspection
task, and 0.000 for all other conditions.

Pass— Thisreturns a 1.000 when the tool has passed its inspection task,
and 0.000 for all other conditions.

Warn — Thisreturns an “error code” when thetool isin awarn
condition (and not in afail condition) and 0.000 for all other conditions.
The error code identifies a specific reason for the warning; for example,
error code 1057.000 identifies “Low range warning” as the cause. The
complete list of error codes and warn conditions appears in Appendix A
of this manual.

Fail — Thisreturns an “error code” when thetool isin afail condition
and 0.000 for al other conditions. The error code identifies a specific
reason for the failure; for example, error code 1045.000 identifies “High
range fail” as the cause of the inspection failure. The complete list of
error codes appearsin Appendix A of this manual.

Total — Thisreturns the total number of inspections performed.
Faults — This returns the total number of faults detected.

Fail High — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the high Fail limit and 0.000 when the result has not
exceeded the high Fail limit.

Warn High — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the high Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the high Warn
limit.

Warn Low — Thisreturns a 1.000 when the inspection result from the
tool has exceeded the low Warn limit (and the tool is not in afail
condition) and 0.000 when the result has not exceeded the low Warn
limit.

Fail Low — Thisreturnsa1.000 when the inspection result from the
tool has exceeded the low Fail limit and 0.000 when the result has not
exceeded the low Fail limit.

Result — This returns the actual value of the inspection result; that is, the
measurement, count, or other numeric result from the profile tool. This
value corresponds to the “learned” value that appearsin the “Nominal”
field of the profile tool edit panel.

AXx, Ay — These values pertain only to a profile tool configured for
distance or position operations. “Ax” returns the X coordinate of the
Feature A offset, while“Ay” returnsthe Y coordinate of the Feature A
offset.
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e BXx, By — These values pertain only to a profile tool configured for
distance or position operations. “Bx” returns the X coordinate of the
Feature B offset, while “By” returnsthe Y coordinate of the Feature B
offset.

e Pmin — Thisreturns the minimum gray scale value in the profile image.
e Pmax — Thisreturns the maximum gray scale value in the profile image.

e *Samples— Thisreturns the current total number of inspection samples
since the start of run operation.

e *Min — Thisreturns the current minimum value of the inspection results
since the start of the run operation.

e *Max — Thisreturns the current maximum value of the inspection results
since the start of the run operation.

e *Sum — This returns the current sum of all inspection results since the
start of the setup or online run operation.

e *Sum2 — This returns the current sum of the squares of all inspection
results since the start of the setup or online run operation.

*These expanded statistical results are available only when atool is enabled
for statistics operations, as indicated by a checked Statistics box in the tool’s
Options selection panel.

Ranges provide a quantitative measure against which the results from each
inspection tool are compared. There are “fail” limits “warning” limits, and
each has an upper and lower value that you can set asis appropriate for the
toolsin your particular inspection application. Not all tool types have ranges.

When you pick the IEZEZll button, the Ranges selection panel appears on
the screen asillustrated in Figure 7.145.

Figure 7.145 Example: Ranges Selection Panel
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Figure 7.145 (A) appears when the “ Statistics” option has not been selected
for the corresponding tool, while (B) appears when the “ Statistics” option
has been selected (and inspection data has been acquired). Note that (B)
applies only to tools for which this option is available.

The Ranges selection panel contains a number of fields, which are
described briefly asfollows:

e Nominal — Thereading in thisfield is the “nominal” or learned value
that results when you pick the Nominal field in the Tool Edit panel. It is
included in this panel as a convenience for setting the range limits.

e Fail High — Usethisfield to set the upper “fail” limit.

e Warn High — Usethisfield to set the upper “warning” limit.

e Warn Low — Usethisfield to set the lower “warning” limit.

e Fail Low — Usethisfield to set the lower “fail” limit.

For tools with ranges, the CVIM2 system compares the inspection results
value to the range limits selected for that tool. Thetool statusis afunction of

where an inspection results value lies in relation to the range limits, as
illustrated in Figure 7.146.

Figure 7.146 Relation of Ranges to Tool Status
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As Figure 7.146 shows, the CVIM2 system provides two sets of range limits:
Warning range limits, and fail range limits. Warning range limits must
always lie within fail range limits or must be equal to them, as shown below:

Fail Low <= Warn Low <= Warn High <= Fail High

NOTE: A tool canalso “fail” if it isunable to perform its inspection. For
example, agage will fail if its operation is Linear Measure and it finds no
edges.

Here is an example of ranges:

e TheFail Low limitissetto 14.6.
e TheWarn Low limit isset to 14.8.
e TheWarn High limit is set to 15.2.
e TheFail High limitisset to 15.4.

With the range limits set as shown above, if an inspection result is outside
either warning limit (above 15.2 or below 14.8), the CVIM2 system will
generate awarning signal only. If an inspection result is outside either fail
limit (above 15.4 or below 14.6), the CVIM2 system will generate a fail
signa only.

In apractical application, the warning range limits could be used to indicate a
deteriorating condition, such as a part that is very close to atolerance limit
because of wear in acutting tool or die. The fail range limits could be used to
indicate afailure condition, such as a part that has exceeded a tolerance limit
because of abroken cutting tool or die.

Here are some methods for determining the appropriate warning and fail
range limits:

e For measurements or counting operations using pixels, use the Nominal
function to determine the pixel values of workpieces at the upper and
lower tolerance limits. Use the nominal value as the basis for determining
the appropriate fail and warning limits.

e [or any measurements, run a series of trial inspections, using a
representative sample of workpieces, in order to accumul ate a statistical
basis for setting the appropriate fail and warning limits.

After you determine the appropriate range limits for your application, you
can enter them in the Ranges selection panel (see Figure 7.145, page 7-179).

To enter each of the range limits, as may be required for your application,
pick the field alongside the limit. When you do, the calculator pad appears on
the screen. Enter the value for each limit as required for your application.
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Hereis asummary of the conditions under which tool fail and tool warn
conditions can occur.

A tool fail condition arises from the following situations:

e A tool result that is greater than the Fail High limit (FH < R).
e A tool result that isless than the Fail Low limit (FL > R).

e Any other situation in which the tool cannot operate properly, such asa
reference line being unable to find a specified feature.

A tool warn condition arises from the following situations:;

e A tool result that is greater than the Warn High limit and less than or
equal to the Fail High limit (WH < R = FH), and is not atool fail
condition.

e A tool result that isless than the Warn Low limit and greater than or
equal to the Fail Low limit (WL > R = FL), and is not atool fail
condition.
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This section discusses “conditional processing,” which, when selected for a
specific inspection tool, permits that tool to execute only when a specific
“condition” (such as an active input signal, or a“pass’ tool result) is
satisfied. The main effect of conditional processing isthis: When the
specified condition is satisfied, the tool executes; when the condition is not
satisfied, the tool does not execute.

Conditions are selected from the Conditions panel, which can be accessed
from the tool set edit panel by picking the Condition field for a specific toal,
asillustrated by the examplein Figure 7.147.

Figure 7.147 Example: Accessing Conditions Panel
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The Conditions panel in Figure 7.147 illustrates the basic condition
selections, which are described briefly, as follows:

e |nl-In4— The status of theseinputs (that is, logic “0” or logic “1”) can
be used to determine whether or not the corresponding “conditional” tool
will execute. (Note that when any of these inputs are selected for
conditional use, they must also be defined in the Discrete 1/0 panel. Refer
to the In1 —In4 Input Selection section, on page 9-6 of Chapter 9, for
more information.)

e Tool n — Thisindicates the name of a specific tool, whose status
determines whether or not the corresponding “conditional” tool will
execute. (The Tool n selections must always include a selection from the
second list.)

e Pass, Warn, Fail, Zero — These selections specify the status of Tool n
that will determine whether or not the corresponding “ conditional” tool
executes. (Note that the “Zero” selection is not available for all tools; for
example, the reference line tool and the image tool.)
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The Conditions panel aso contains two checkboxes and two buttons, which
are described briefly, as follows:

e Enable— The Enable checkbox is used to enable or disable the
corresponding inspection tool. The tool is enabled when a check mark (V)
appears in the checkbox, and is disabled when the box is empty. The
selection can be changed to its opposite state by picking the box
alternately.

e Invert — The Invert checkbox is used to enable or disable the invert
function for the selected condition (input or tool result). The invert
function is enabled when a check mark (\) appears in the checkbox, and
is disabled when the box is empty. The function can be changed to its
opposite state by picking the box alternately.

When the invert function is enabled, the “condition” will be satisfied
when its opposite state is asserted; thus, if Tool 1 —Pass isthe selected
condition, as shown in Figure 7.147 (page 7—-183), and Invert is enabled,
the condition will be satisfied when the opposite state (that is, Fail) is
present. Similarly, if input Inl is the selected condition and Invert is
enabled, the condition is satisfied when Inl isinactive. Further, if Zero is
the selected condition with Invert enabled, the condition is satisfied when
anon—zero condition occurs.

e Done— Use the lE=l button to save the highlighted condition and exit
the Conditions pandl.

e Cancel — Use the IESX3l button to exit the Conditions panel without
saving any newly selected conditions.

Figure 7.148 and Figure 7.149 provide an example inspection that illustrates
the concept of conditional processing. Figure 7.148 shows a toolset edit
panel containing one window tool and eight gage tools. The window tool and
four of the gage tools receive their image from C1 (camera#1), while the
other four gage tools receive their image from C2 (camera #2).

Figure 7.148 Tool Setup For Conditional Processing Example
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(Note that atoolset edit panel can display only eight tools at one time; thus,
the ninth tool in this example is shown separately, below the first eight tools.)
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In this example, the object of the inspection is to inspect the front and back
labels of apackage for correct positioning, using two cameras. The
assumption is that the inspected package can be oriented with either label
facing either camera; thus, the inspection must correctly identify the front
and back labels, and then apply the correct set of measurement tools to those
labels, regardless of the package's orientation.

The window tool, “Circ/NoCirc,” acquiresitsimage from C1 (camera#1). It
is configured for the Black Contours operation and looks for a black
contour that is present only on the front labdl. If it finds the black contour, as
shown by (A) in Figure 7.149, the window tool “passes’ itsinspection and,
in effect, “detects’ the front |abel.

Figure 7.149 Example: Detection of Front and Back Labels
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If it does not find the black contour, as shown by (B) in Figure 7.149, the
window tool “fails’ itsinspection and, in effect, “detects’ the back label.

Edit "Toolset 1.Circ/NoCirc”

Operation Black Contours
Two Pass Disakled
Hindow Shape Rectangle
Fast LUnwrap :
Mask Shape Hone

Mask Mode Dynamic
Mominal a

IP&P Hindow
IThresh/Filter IRanges
ITanget IDone

Note that in this example, the “pass’ and “fail” conditions for the
“Circ/NoCirc” window tool are based on its high and low range limits both
being set to “1.” Thus, if theresultis“1,” the window tool “passes’; if the
resultis“0,” the window tool “fails.”
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Thefirst four gages in Figure 7.148 are configured to locate the left edge and
top edge positions of the front and back labels. The gage tools “Front_X1"
and “Front_Y1” receive their images from camera 1, while “Back_X2" and
“Back_Y2" receive their images from camera 2. If the “ Circ/NoCirc”
window tool passesitsinspection (that is, it detects the front label), these
four gage tools will execute, since they are configured to execute on
condition that the window tool passes (+ 1 Pass). The second four gage
tools will not execute, in this case.

The second four gage tools perform the same functions as the first four gage
tools. The gage tools “Front_X2" and “Front_Y2" receive their image from
camera 2, while“Back_X1" and “Back_Y1" receive their image from
camera 1. If the “Circ/NoCirc” window tool failsitsinspection (that is, it
does not detect the front label), these four gage tools will execute, since they
are configured to execute on condition that the window tool fails (— 1
Pass). Thefirst four gage tools will not execute, in this case.

The net result is that, regardless of the front/back orientation of the package
in this example inspection, the conditional processing function causes the
correct set of tools to execute.

NOTE: The example could also be based on the “Zero” condition selection.
In this case, the first four gages would use the “— 1 Zero” selection, which
is, in effect, a non—zero indicator. Thiswould be appropriate when the
inspection results from the “ Circ/NoCirc” window tool are“1,” indicating
that it has detected the black contour on the front label. Conversely, the
second four gages would use the “+1 Zero” selection, which would be
appropriate when the inspection result from the window tool is“0,”
indicating that it has not detected the contour on the front label.
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This section discusses the multiple gages tool and the inspection functions
(“operations”) that it can perform.

Once you have selected a multiple gages tool as outlined in the Overview:
Inspection Tool Selection Process section (page 7-1), you can configure it
for an inspection application by picking the Multiple Gages field in the
toolset edit panel. When you do, the multiple gages tool edit panel appears,
as shown by the example in Figure 7.150.

Note that in Figure 7.150 a single “sub—gage” is shown in its default position
and orientation on the screen.

Figure 7.150 Example: Selecting the Multiple Gage Tool Edit Panel

Edit "Toolset 1"

Hum MHame Ture Condition Ref S1 $£2 Dest n
> 1 Tool 1 Multiple Gages Enakled - C1 = - [i
. o - SL1cd =
. 3 ] o 3 ] \
Fovivonnent  File Bditors  Heour it
=] Display 1 AoN

Toois  Blasviay  Bons \<>\

™

+
Sub—Gage (default position) |V

Edit "Tool=zet 1.Tool 1"

Operation Edges
Hidth. Kernel M: 1. K: 3
Thresholds RT: 32, FT: 32
Result Bx006066080
Gage Lakel

Divection Horizontal

Sub-Gages results
1. a

]

4

The multiple gages tool edit panel (named Edit “Toolset 1.Tool 1" in
Figure 7.150) contains severa data fields, buttons, and a “sub—gage results’
box, which are used to create and configure each sub—gage. Their functions
are described briefly as follows:

e Operation — Thisfield provides access to the selection of one of the
sub—gage “ operations.” The default sub—gage operation is Edges — an
edge—counting operation.
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Width, Kernel — Thisfield provides access to the selection of the Gage
Width & Kernel panel, which sets the sub—gage width (in pixels) and the
“kernel” size.

Thresholds— This field provides access to the Gage Threshold panel,
which sets the change in gray scale values that are required to detect the
“rising” and “falling” edges of an object in the image.

Result — Thisfield displays an eight—digit hexadecimal number. Each of
the 32 bit positions represents the pass/fail status of the corresponding
sub—gage. (A “0" bit indicates that the sub—gage has passed; a“1” bit
indicates that it hasfailed.) For example, the hex number 0x00000021
indicates that sub—gages 1 and 6 have failed (bit positions 1 and 6 are set
to “1"), while sub—gages 2 — 5 (and any sub—gages above 6) have passed
(bit positions2—-5and 7 —32 are al set to “0").

This hexadecimal “result” value is not range checked by the multiple
gagestoal; instead, it is made available to math tools, and to host systems
through the communication ports.

Gage Labd — Thisfield enables you to select an appropriate name tag
for each sub—gage. When the sub—gage is repositioned, the name tag
moves with it.

Direction — This field sets the sub—gage orientation to either Horizontal
or Vertical. Toggling thisfield successively alternates between these two
orientations. No other orientations are available.

Sub—Gages results— Thisisalist box that contains from 1 to 32
sub—gages and their current results values. By default, it contains one
sub—gage initially. (Additional sub—gages are created with the “ Add” and
“Copy and Paste” functions, which are described below.)

Hereisabrief description of each button in the tool set edit panel:
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AddT — Use the X button to select a new sub—gage and insert it
before (above) the highlighted sub—gage in the list box.

Add! — Use the XX button to select a new sub—gage and insert it after
(below) the highlighted sub—gage in the list box.

Cut — Usethe button to delete (and save in a“clipboard”) the
highlighted sub—gage in the list box.

Copy — Use the IE= button to copy into a“clipboard” the highlighted
sub—gagein thelist box. After copying, the next step is pasting the copied
sub—gage (see the PasteT and Pastel button descriptions below).

PasteT — Usethe button to “paste” a copied sub—gage from the
“clipboard” and insert it before (above) the highlighted sub—gage.

Pastel — Usethe button to “paste” a copied sub—gage from the
“clipboard” and insert it after (below) the highlighted sub—gage.
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e P& P Gages— The IEEEE button activates the pick and place function
for the highlighted sub—gage. Each time a sub—gageis” picked and
placed,” itsresults value in the list box is automatically recal cul ated.

For details about this function, see Chapter 5, Pick and Place Functions.

e Ranges— The[lEE& button accesses the range-selection panel, which
defines inspection result limits for the highlighted sub—gage.

NOTE: Range limits set for one sub—gage are independent of range
limits set for any other sub—gage. Also, range limits do not apply to the
Multiple Gages tool itself — only to the sub—gages.

e FeatureA, FeatureB — The buttons accesses the “feature,” or
edge selection panels for the respective features of the highlighted
sub—gage. Thisfunction is accessible only for the X Position, Y
Position, and Linear Measure operations.

e Done— When you pick the Iz button, the system exits back to the
toolset edit panel.

A multiple gages tool can be selected when the toolset edit panel is on the
screen. Starting from the main menu bar, the selection path to this panel is as
follows: Editors — Configuration — Setup — Tools. This selection path
is shown by the examplein Figure 7.1 (page 7-2).

Hereisasummary list of the basic selection and configuration steps for each
sub—gage in amultiple gagestoal, listed in their normal order of
performance:

1. Create ("Add") anew sub—gage or “Copy” and “Paste” an existing onein
the Sub—Gage results list box.

Highlight the sub—gage to be configured.

Select the sub—gage operation.

Select the sub—gage direction.

“Pick and place” the sub—gage.

Adjust the edge detection parameters.

Learn the result value.

Select the appropriate result limit ranges.

Select a sub—gage label (optional).

© O N U A~ WD

NOTE: The following functional restrictions apply to sub—gages:

e Sincethey can operate only in the gray scale gaging mode, they cannot
perform the White Pixels and Black Pixels operations.

e Their shape can only be linear, and their orientation can only be horizontal
(pointing right) or vertical (pointing down).

e They cannot use arotational reference tool (if oneisassigned, a“clip
fail” error will occur, and the “Results” value will be al zeros.
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Sub-Gage Operations When you pick the Operation field in the multiple gages tool edit panel, the
Sub—Gage Operation selection panel appears, as shown in Figure 7.151.

Figure 7.151 Sub-Gage Operation Selection Panel

Sub—Gage Operation

S Edges

QO Foreground Okjects
O Background Okjects
X Position

¥ Position

O Linear Measure

These sub—gage operations are identical to those for single gages. For details
about these operations, refer to pages 7-8 to 7-16. (Note: Since all
sub—gage operations use the gray scale gaging mode, ignore al referencesto
the binary gaging mode.)

Width and Kernel Functions  When you pick the Width, Kernel field in the multiple gages tool edit panel,
the Gage Width & Kernel pand appears, as shown in Figure 7.152.

Figure 7.152 Gage Width & Kernel Panel

Gage Width & Hernel
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The Width box enables the selection of one of several sub—gage widths. The
default width setting is 1 pixel, but awider setting may be necessary if a
particular edge is somewhat uneven. In that case, awider setting has the
effect of smoothing an uneven edge by calculating its average location across
the width of the gage.

The kernel setting determines the number of consecutive pixels over which
the brightness change is evaluated. At agiven point, the brightness changeis
evaluated over adistance equal to two times the kernel setting, plus one.

The kernel setting is 3 by default. This means that an edge will be detected
whenever a“rising” or “falling” brightness change occurs (as determined by
the Thresholds settings) within three consecutive pixels aong the length of
the gage. A higher setting may be necessary to detect an edge where the
brightness change is more gradual.

The kernel value can be adjusted by dliding the cursor up or down, or by
clicking the “box” containing the kernel value. In that case, the calculator
pad will appear, and a value between 1 and 16 can be entered.

For more detailed information about kernels, refer to the Threshold and
Kernel Settings section on page 8-6.

When you pick the Threshold field in the multiple gages tool edit pand, the
Gage Threshold panel appears, as shown in Figure 7.153.

Figure 7.153 Gage Threshold Panel

Gage Threzhold
Rising [ 32 |
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The Gage Threshold panel contains a separate adjustment for the “rising”
and “falling” edges of an abject in theimage field. Therising edgeisa
transition from adark to alight area; the falling edge is atransition from a
light to adark area.

The threshold settings are both 32 by default. This means that an edge will be
detected wherever the gray scale value changes by at least 32 (within the
number of pixels specified by the Kernel setting). For arising edge, the gray
scale value must increase by 32 or more; for afalling edge the value must
decrease by that amount.

A threshold value can be adjusted by sliding the appropriate cursor up or
down, or by clicking the “box” containing the threshold value. In that case,
the calculator pad will appear, and a value between 0 and 127 can be entered.

For more detailed information about thresholds, refer to the Threshold and
Kernel Settings section on page 8-6.

Gage Label Function When you pick the Gage Label field in the multiple gages tool edit panel,
the keyboard panel appears, as shown in Figure 7.154.

Figure 7.154 Gage Label Keyboard Panel

Enter name of sub—-gage #D

B S E B | |

= | |
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You can use the keyboard to enter an appropriate name or “label” for the
selected sub—gage. The label can contain up to eight characters. When you
click the Enter key to enter the label, the label will appear in the
Sub—Gages result list box and adjacent to the sub—gage. Whenever you
move (“pick and place”) the sub—gage, the label will move with it.
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The following three gage operations employ “features’ to identify the edges
used for ameasurement: X position, Y position, and linear measure.

A sub—gage can detect severa edges, of which only one or two are required
for the measurement. Thus, the edge sel ection functions enable you to select
particular edges, or other features related to the edges, and determine other
aspects of the search for these edges, including search direction and search
mode.

When you pick either of the buttons on the tool edit panel, a Define
Feature selection panel appears, as shown in Figure 7.155.

Figure 7.155 Example: Selecting the Define Feature Selection Panel

Edit "Tool=set 1.Tool 1"

Operation

Lineaxr Measure
Hidth, Kernel H: 1, K: 3
Thresholds RT: 32, FT: 32
Resul t BxBEB0E8803
Gage Lakel

Divection Hoxrizontal

Eub—Gages results

1. 34.1861

2. 34.1861
I_

(7% Gages [anges
[Festare & [Fenturs & [one.
\
N
N

4

g
N

Def ine Feature

Mode All Edges
Dix Head to Tail
offcet 1.8

The width, kernel, and threshold settings determine which light/dark
transitions along a sub—gage are detected as edges. The purpose of the
feature selection function is to specify which of these edges (or midpoints
between edges) are to be identified as “features,” used as the basis for the
inspection operation. For complete details, refer to pages 7-18 to 7-23.
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Multiple Gages Tool This section discusses the expanded inspection results that are available to a

|nspection Results and math tool formula from a multiple gages tool. As Figure 7.156 shows, the

Math Tool Formulas expanded inspection results for all tool operations appear in a single scrolling
list.

Figure 7.156 Expanded Results List For Multiple Gages Tools in Math Formulas

Execute
Pass
Warn
Fail
Total
Faults
Result
Gagett
AXH
Ay#
Bx#
By#

Hereisabrief definition and explanation of each of the gage result types
listed in Figure 7.156:

e Execute— Thisreturns a 1.000 when the tool has executed its inspection
task, and 0.000 for all other conditions.

e Pass— Thisreturns a 1.000 when the tool has passed its inspection task,
and 0.000 for al other conditions.

e Warn — Thisreturns an “error code” when the tool isin awarn
condition (and not in afail condition) and 0.000 for all other conditions.
The error code identifies a specific reason for the warning; for example,
error code 1057.000 identifies“Low range warning” as the cause. The
complete list of error codes appearsin Appendix A of this manual.

e Fail — Thisreturnsan “error code” when thetool isin afail condition
and 0.000 for all other conditions. The error code identifies a specific
reason for the failure; for example, error code 1045.000 identifies “High
range fail” as the cause of the inspection failure. The complete list of
error codes and fail conditions appearsin Appendix A of this manual.

e Total — Thisreturnsthe total number of inspections performed.
e Faults— Thisreturnsthe total number of faults detected.

e Result — Thisreturns the decimal equivalent of a bit—-mapped
hexadecimal value that represents the pass/fail status of up to 32
sub—gages. Thus, the low—order bit represents sub—gage 1, while the
high—order bit represents sub—gage 32.

For example, a hex value of 2A would indicate that sub—gages 2, 4, and 6
had failed. In this example, the decimal equivalent for hex 2A, whichis
42, would appear as the result value in a math formula.
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e Gagett — Thisreturns the results value from a specific sub—gage (for
single math operations) or the results values from several sub—gages (for
multiple math operations).

For single math operations, the pound sign should be replaced with the
number of a specific sub—gage.

For multiple math operations, the pound sign should not be replaced.

e Ax#— Thisvalue pertains only to a sub—gage tool configured for linear
measurement or X or Y position operations. “Ax” returns the value of the
X coordinate of Feature A.

For single math operations, the pound sign should be replaced with the
number of a sub—gage that is configured for linear measure or X or Y
position operation.

For multiple math operations, the pound sign should not be replaced.

e Ay#— Thisvalue pertains only to a sub—gage tool configured for linear
measurement or X or Y position operations. “Ay” returns the value of the
Y coordinate of Feature A.

For single math operations, the pound sign should be replaced with the
number of a sub—gage that is configured for linear measure or X or Y
position operation.

For multiple math operations, the pound sign should not be replaced.

e Bx#— Thisvalue pertains only to a sub—gage tool configured for linear
measurement operations. “Bx” returns the value of the X coordinate of
Festure B.

For single math operations, the pound sign should be replaced with the
number of a sub—gage that is configured for linear measure.

For multiple math operations, the pound sign should not be replaced.

e By#— Thisvalue pertains only to a gage tool configured for linear
measurement operations. “By” returns the value of the Y coordinate of
Feature B.

For single math operations, the pound sign should be replaced with the
number of a sub—gage that is configured for linear measure.

For multiple math operations, the pound sign should not be replaced.
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Multiple Windows Tool
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This section discusses the multiple windows tool and the inspection functions
(“operations”) that it can perform.

Once you have selected a multiple windows tool as outlined in the Overview:
Inspection Tool Selection Process section (page 7-1), you can configure it
for an inspection application by picking the Multiple Windows field in the
toolset edit panel. When you do, the multiple window tool edit panel appears,
as shown by the example in Figure 7.157.

Figure 7.157 Example: Selecting the Multiple Windows Tool Edit Panel

Edit "Toolset 1"

Hum Hame Type Condition Ref S1 52
3 1 Tool 1 Multiple Hindows Enabkled

Ensivanment  Fiilg Editovrs  Ssouviiy

= Display 1

Towrie  Bisplay  Bons

Sub-Window
“—{default position)

"Tool=zet 1.Tool 1"

Operation Hhi te Pixels
ThreshsFilter Hi: 233, Lo: 128
Result Bx0e000006 1
Label

Suk-Hindows Results
9983

Note that in Figure 7.157 asingle “sub—window” is shown in its default
position on the screen.

The multiple windows tool edit panel (named Edit “Toolset 1.Tool 1 Edit")
in Figure 7.157) contains several data fields, buttons, and a “ sub—windows
results’ box, which are used to configure each sub—window. Their functions
are described briefly asfollows:

e QOperation — Thisfield provides access to the selection of one of the
sub—window “operations.” The default sub—window operation is White
Pixels, which is a pixel—counting operation.

e Thresh/Filter — Thisfield provides access to the threshold and/or
morphology filter selection panels. For details about this function, refer to
page 8-9 in Chapter 8, Thresholds, Filters, and Morphology.
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e Result — Thisfield displays an eight—digit hexadecimal number. Each of

the 32 bit positions represents the pass/fail status of the corresponding
sub—window. (A “0" bit indicates that the sub—window has passed; a“1"
bit indicates that it has failed.) For example, the hex number 0x00000021
indicates that sub—windows 1 and 6 have failed (bit positions 1 and 6 are
set to “1"), while sub—windows 2 — 5 (and any sub—windows above 6)
have passed (bit positions2 -5 and 7 — 32 are all set to “0").

This hexadecimal “result” value is not range checked by the multiple
windows tool; instead, it is made available to math tools, and to host
systems through the communication ports.

Label — Thisfield enables you to select an appropriate name tag for each
sub—window. When the sub—window is repositioned, the name tag moves
with it.

Hereis abrief description of each button in the toolset edit panel:

AddT — Use the IEZE button to select a new sub-window and insert it
before (above) the highlighted sub—window in the list box.

Add! — Use the IEZE button to select a new sub—window and insert it
after (below) the highlighted sub—window in the list box.

Cut — Use the lEEl button to delete (and save in a“clipboard”) the
highlighted sub—window in the list box.

Copy — Use the IE= button to copy into a“clipboard” the highlighted
sub—window in the list box. After copying, the next step is pasting the
copied sub—window (see the PasteT and Pastel button descriptions
below).

PasteT — Usethe button to “paste” a copied sub—window from
the “clipboard” and insert it before (above) the highlighted sub—window.

Pastel — Use the [EESZ38 button to “paste” a copied sub—window from
the “clipboard” and insert it after (below) the highlighted sub—window.

P& P Window — The IEEEERZE button activates the window pick and
place function. For details about this function, see Chapter 5, Pick and
Place Functions.

Ranges— The button accesses the range-sel ection panel, which
defines inspection result limits for the highlighted sub—window.

NOTE: Range limits set for one sub—window are independent of range
limits set for any other sub—window. Also, range limits do not apply to
the Multiple Windows tool itself — only to the sub—windows.

Done — When you pick the lEZ button, the system exits back to the
toolset edit panel.
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Overview: Multiple Windows A window can be selected when the tool set edit panel is on the screen.

Tool Configuration Starting from the main menu bar, the selection path to this panel is as
follows: Editors — Configuration — Setup — Tools. This selection path
is shown by the example in Figure 7.1 (page 7-2).

Hereisasummary list of the basic selection and configuration steps for each
sub—window in a multiple windows tool, listed in their normal order of
performance:

1. Create ("Add") anew sub—window or “Copy” and “Paste” an existing
one in the Sub—Window results list box.

Highlight the sub—window to be configured.

Select the sub—window operation.

“Pick and place” the sub—window.

Select the appropriate result limit ranges.

Select a sub—window label (optional).

o gk~ wbd

NOTE: The following functional restrictions apply to sub—windows:
e They can perform only the White and Black Pixels, and Luminance
operations.

e Their shape can only be rectangular, and they cannot use a mask.

e They cannot use arotational reference tool (if oneisassigned, a“clip
fail” error will occur, and the “Results” and “ Sub—Windows Results”
values will be all zeros).

Sub-Window Operations When you pick the Operation field in the multiple windows tool edit panel,
the Sub—Window Operation selection panel appears, as shown in
Figure 7.158.

Figure 7.158 Sub-Window Operation Selection Panel

Sub—Window Operation

mHhite Pixels
D Black Pixels
D Luminance

These sub—window operations are identical to those for single windows. For
details about these operations, refer to the Window Operations section, pages
7-32 and 7-52.
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When you pick the Thresh/Filter field in the multiple windows tool edit
panel, the Thresh/Filter panel appears when a pixel counting operation has
been selected, while the Filter panel appears when the luminance operation

has been selected, as shown in Figure 7.159.
‘ Filter \

For pixel counting operations, the two cursors adjust the “high” and “low”
binary thresholds. In addition, the Morph1 and Morph2 buttons provide
access to binary and gray scale morphology filters.

Figure 7.159 Thresh/Filter and Filter Panels

Threszh/Filter

High [ 255 ]
Low

For luminance operations, only the Morphl and Morph2 buttons are
available.

For detailed information about thresholds and morphology, refer to the Area
Tools: Threshold and Morphology Functions section on page 8-9.
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Label Function When you pick the Label field in the multiple windows tool edit panel, the
keyboard panel appears, as shown in Figure 7.160.

Figure 7.160 Keyboard Panel

You can use the keyboard to enter an appropriate name or “label” for the
selected sub—window. The label can contain up to eight characters. When you
click the Enter key to enter the label, the label will appear in the
Sub—-Windows Results list box and adjacent to the sub—window. Whenever
you move (“pick and place”) the sub—window, the label will move with it.

Multiple Windows Tool This section discusses the expanded inspection results that are available to a

|nspection Results and math tool formula from a multiple windows tool. As Figure 7.161 shows, the

Math Tool Formulas expanded inspection results for all tool operations appear in asingle scrolling
list.

Figure 7.161 Expanded Results List For Multiple Window Tools in Math Formulas

Execute
Pass
Warn

Fail

Total
Faults
Result
Window#
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Hereisabrief definition and explanation of each of the expanded result
typeslisted in Figure 7.161.

Execute — Thisreturns a1.000 when the tool has executed itsinspection
task, and 0.000 for al other conditions.

Pass— Thisreturns a 1.000 when the tool has passed its inspection task,
and 0.000 for all other conditions.

Warn — Thisreturns an “error code” when thetool isin awarn
condition (and not in afail condition) and 0.000 for all other conditions.
The error code identifies a specific reason for the warning; for example,
error code 1057.000 identifies “Low range warning” as the cause. The
complete list of error codes and warn conditions appears in Appendix A
of this manual.

Fail — Thisreturns an “error code” when the tool isin afail condition,
and 0.000 for all other conditions. The error code identifies a specific
reason for the failure; for example, error code 1045.000 identifies “High
range fail” asthe cause of the inspection failure. The complete list of
error codes and fail conditions appearsin Appendix A of this manual.

Total — Thisreturns the total number of inspections performed.
Faults — This returns the total number of faults detected.

Result — This returns the decimal equivalent of a bit—mapped
hexadecimal value that represents the pass/fail status of up to 32
sub—windows. Thus, the low—order bit represents sub—window 1, while
the high—order bit represents sub—window 32.

For example, a hex value of 2A would indicate that sub—windows 2, 4,
and 6 had failed. In this example, the decimal equivalent for hex 2A,
which is 42, would appear as the result value in a math formula.

Window# — This returns the results value from a specific sub—window
(for single math operations) or the results values from several
sub—windows (for multiple math operations).

For single math operations, the pound sign should be replaced with the
number of a specific sub—window.

For multiple math operations, the pound sign should not be replaced
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This chapter discusses the various threshold and filter settings for the
inspection tools, as follows:

e Binary thresholds: Gaging tools— These settings adjust the edge
detection parameters of gaging tools (gages and reference lines) operating
in the binary gaging mode.

e Binary filter: Gagingtools— Thisfunction provides severa degrees of
filtering that can remove or reduce “noise” from the image for gaging
tools that are operating in the binary gaging mode.

e Kernd and threshold — These settings adjust the edge detection
parameters of gaging tools operating in the gray scale gaging mode.

e Thresholdsand Morphology: Areatools— Threshold settings define
the separation between black and white in windows that are configured
for any of the binary areatool (window and image tool) operations.

Morphology is an image processing function that provides refinement of
the raw cameraimage. It can be used to enhance both binary and gray
scale images.

Numerical parameters such as thresholds are adjusted by a*“dlide bar.”
Settings are indicated by the visual positions of one or two cursor symbols,
and by numbers appearing in boxes near the cursors. The specific function of
each cursor depends on the specific parameter it represents. Figure 8.1 shows
how two cursors and their associated “ dide bar” typically appear on the

display.
Figure 8.1 Typical Threshold-Setting Cursors and Slide Bar

T—current “High”
threshold value

Cursor

Current “Low”
threshold value
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Gaging Tools: Binary
Threshold Procedures

82

Settings can be changed by “dragging” the cursors up and down, or by
picking the screen above or below a cursor. Alternatively, the settings can be
changed by picking the box containing the current value and entering a
specific value on the calculator pad, for gaging tools, or on a formula—entry
keyboard for areatools using binary thresholding. In the latter case, the
keyboard can be used to enter either a constant, for static thresholding, or a
math formula, for dynamic thresholding (refer to the Dynamic Threshold
Function section on page 8-11 of this chapter for details).

Your main objective in setting the binary threshold is to define the most
stable edges along the gage where the gage crosses the proposed reference
points on the workpiece image.

The binary threshold setting affects only the part of the workpiece image
lying within a small box that surrounds the gage. Within that box, the
workpiece imageis binarized — that is, its features appear as either black or
white. The reason for displaying the binarized imageisto provide a visual
aid for setting the binary threshold.

Threshold Settings: Left and Right Cursors

The two thresholds interact to affect the appearance of the binarized
workpiece image within the binarized image box. Individually, the two
threshold settings have the following effects:

e High threshold (left cursor) — This setting determines the high
threshold value for the binarized image. Any part of that image whose
original gray—scale brightness value is higher than the high threshold
value will appear black in the binarized image.

For example, if the high threshold setting is 190, any part of the binarized
image whose brightness value is higher than 190 will appear black.

e Low threshold (right cursor) — This setting determines the low
threshold value for the binarized image. Any part of that image whose
original gray—scale brightness value is lower than the low threshold value
will appear black in the binarized image.

For example, if the low threshold setting is 40, any part of theimage
whose brightness value is lower than 40 will appear black.

The interactive result of the two threshold settingsisthis: Any part of the
image (in the binarized image box) whose original brightnessvalueis
between the high and low threshold values will appear white in the box. (In
the examples above, this applies to brightness values from 40 to 190.)
Figure 8.2 (page 8-3) illustrates a binarized image with optimized

threshol ds.
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Figure 8.2 Example: Optimizing the Threshold Settings (Binary Gaging Mode)

| Inspect Label
Toonis  Bilapilay  Bone

Binarized
Gage image Edge Edge

\/)

If “noise” persistsin the binarized image, however, and superfluous “+” edge
markers appear on the gage, see the Binary Filter section for information
about “filtering” this noise.

Binary Filter

The binary filter enables you to remove small white or black noise along the
gage. Thisfiltering function can be useful if noise prevents you from getting
stable edges, and/or you want to reduce or eliminate unwanted edges. If so,
you can pick the field next to “Filter” in the tool edit panel. When you do,
the Binary Filter panel appears, as shown in Figure 8.3 (page 8-4).

8-3
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Figure 8.3 Selecting Binary Filter Panel for Gage
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From the Binary Filter panel you can select the number (from O to 10) of
consecutive black or white noise pixels to be masked (filtered) from the

workpiece image and background, in the area around the gage, before the
gage looks for edges. The default filter valueis 0, as shown in Figure 8.3.

Thus, the effect of the filtering function isto mask out the noise so that it
does not create false or unwanted edges on the gage. (The noise will remain
visible in the binary box, however.)

Thisis how the filter function works: If the filter value were set to 3, for
example, and the gage encountered three (or fewer) consecutive white pixels
in astream of black pixels, these white pixels would be regarded as noise and
“filtered” out; thus, the gage would not detect any edges at that point.
Conversdly, if the gage encountered a group of four (or more) consecutive
white pixels, the gage would detect two edges — aleading edge and a
trailing edge.

To use the filter function, you can pick the cursor and drag it upward to
increase the filtering value; or, you can pick the filter value field and select a
new filter value using the calculator pad. The objectiveisto set thefilter to a
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value that results in consistent edges being detected at the desired reference
points on the workpiece image.

Figure 8.4 provides an example of setting the filter value so that the
superfluous “edges’ are masked or filtered out. This example shows three
stages of setting the filter value for alinear gage that lies across a portion of a
workpiece image.

Figure 8.4 Example: Filtering the White “Noise” in a Workpiece Image

[ Filter setting=1 |

Portion of workpieceimage

[ Filter setting=2 |

[ Filter setting=3 |

With the filter value currently set to “1,” numerous unwanted “edges’ (“+”
symbols) appear along the gage, as shown in part A of Figure 8.4. In part B,
thefilter isset to “2,” and fewer unwanted edges are detected. In part C, the
filter isset to “3,” and only the desired edges are detected.

Exit the Binary Filter panel by picking the [EZX button.

Your main objective in setting the gray scale threshold is to define the most
stable edges along the gage where the gaging tool crosses the proposed
reference points on the workpiece.

Gray scal e edge detection uses two parameters to analyze the image and
detect edges. These parameters are called threshold and kernel.

85
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Threshold specifies the relative brightness change between neighboring
pixels, while kernel specifies the number of consecutive pixels over which
the brightness change is evaluated. The settings of threshold and kernel
interact to determine whether an edge will be detected in any one instance.

Threshold and Kernel Settings

The threshold setting (value) determines the relative brightness change
between neighboring pixels; thus, high threshold values require alarge
brightness change between pixelsin order to detect an edge. Conversely, low
threshold values enable edge detection with smaller brightness changes, and
are used to detect edges when low contrast exists between the desired feature
and the background.

The kernel setting (value) determines the number of consecutive pixels (the
size of the neighborhood of pixels) that the gaging tool examines to
determine whether an edge exists. Small kernel values require the brightness
change specified by the threshold value to occur over a small distance (1-3
pixels) in order for the gaging tool to detect an edge. Conversely, larger
kernel values require the brightness change to occur over alarger distance
(8-10 pixels, or more), and are useful for reducing the number of superfluous
edges that result from noise in the image.

NOTE: Increasing the kernel size will generally increase the analysistime
dlightly. In some applications, however, it may actually decrease the time by
eliminating some edges. If analysistimeis critical to your application, you
should be careful to note any changes to the analysis time when the kernel
sizeis changed.

The interactive result of the two settings is to match the kernel and threshold
characteristics of the proposed edges as closely as possible and, at the same
time, exclude as many of the superfluous, unwanted “edges’ as possible.

Figure 8.5 (page 8-7) illustrate(s) the effects of different threshold values
when the kernel value is held constant. This example shows how increasing
the threshold value reduces the number of detected edges by requiring
greater and greater relative brightness changes (that is, contrast) between
neighboring pixels to detect edges. Thus, (A) shows six edges, (B) shows
two edges, and (C) shows no edges.

Figure 8.6 (page 8-8) illustrates the effects of different kernel values when
the threshold value is held constant. Thus, (A) shows asmall kernel value

resulting in edges being detected at locations having a high contrast over a
small distance; (B) shows alarger kernel value adding two edgesto (A) by
detecting edges over alarger distance; and, (C) shows alarge kernel value
removing two of the previous edges because the contrast was not sustained
over alarge enough distance (they are, in effect, filtered out).
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Figure 8.5 Example: Effects of Changing Threshold Values (Constant Kernel)
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Figure 8.6 Example: Effects of Changing Kernel Values (Constant Threshold)
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There are two methods by which you can ater the processed image within a
window: setting binary thresholds, and setting morphology parameters.

Binary Threshold Function

Your main objective in setting the binary thresholds is to optimize the
binarized workpiece image within the window in order to produce the most
accurate and repeatable pixel count or object count. If optimizing these
binary thresholds does not yield an acceptable workpiece image for your
application, you can use the powerful morphology function to further “fine
tune” the workpiece image.

NOTE: The binary thresholding function for the black pixel—counting
window operation works in the opposite sense from the way it works for the
other binary window operations. Its operation is described separately.

High threshold — Any part of that image whose gray—scale brightness value
is higher than the high threshold value will appear black in the window. For
example, if the high threshold is 190, any part of the image whose brightness
valueis higher than 190 will appear black in the window.

L ow threshold — Any part of that image whose gray—scale brightness value
islower than the low threshold value will appear black in the window. For
example, if the low threshold is 140, any part of the image whose brightness
valueislower than 140 will appear black in the window.

The interactive result of the two threshold settingsisthis. Any part of the
window image whose brightness value is between the high and low threshold
values will appear white in the window. (In the examples above, thiswould
apply to brightness values from 140 to 190.)

For most applications, set the high threshold at 255. Figure 8.7 (page 8-10)
illustrates the effects of changing the low threshold. Thus, (A) showsthe
unprocessed gray scale image; (B) shows alow threshold value of 3; (C)
shows alow threshold value of 30; and, (D) shows alow threshold value of
124.

8-9
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Figure 8.7 Example: Effects of Changing Low Threshold (Constant High Threshold)

Binary Threshold Function (Count Black Pixels Operation Only)

When you use the black pixel—counting window operation, the thresholds
work in the opposite sense from that of the other binary window operations.

This means that workpiece features that are dark on alight background in the
raw, gray—scale cameraimage are inverted so that they appear white on a
black background in the window’s binarized image. The pixels that appear
white are the pixels that will be counted.

High threshold — Any part of that image whose gray—scal e brightness value
is higher than the high threshold value will appear white in the window. For
example, if the high threshold is 190, any part of the image whose brightness
valueis higher than 190 will appear white in the window.

8-10
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Low threshold — Any part of that image whose gray—scale brightness value
is lower than the low threshold value will appear white in the window. For
example, if the low threshold is 140, any part of the image whose brightness
valueislower than 140 will appear white in the window.

The interactive result of the two threshold settingsisthis: Any part of the
window image whose brightness value is between the high and low threshold
values will appear black in the window. (In the examples above, this would
apply to brightness values from 140 to 190.)

Dynamic Threshold Function

The dynamic threshold function can provide real—time threshold adjustments
to window tools and image tools that are configured for binary image
processing operations. This function involves using the results from a math
formulato adjust the high and/or low threshold values dynamically, during
run operations.

Specifically, when the “High” (or “Low”) box in the Thresh/Filter panel is
picked, as shown in Figure 8.8, aformula—entry keyboard appears, and the
appropriate formula can be entered at that point (by default, the current value
in the box will appear initially in the formula—entry field).

Figure 8.8 Example: Formula Entry Keyboard For Dynamic Threshold Function

Threzh-Filter

High| 23F%

Entexr the formula ...

BB EE B ET | | | |
| | Jreis | ] | | =

Figure 8.9 (page 8-12) illustrates using the dynamic threshold function to
maintain the “Low” threshold setting, under varying light conditions, for a
window tool that is configured to count pixels.

8-11
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 8

Thresholds, Filters, and Morphology

Figure 8.9 Example: Using the Dynamic Threshold Function
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In this example, the toolset contains, in order, the following tools. two
window tools, a math tool, and another window tool. The first two windows
are configured for luminance operations; one acquires the background
luminance value of the image field, while the other acquires the foreground
luminance value.

The math tool formulais configured to average the two luminance values,
and the third window, configured to count pixels, uses the math tool result in
its“Low” threshold setting to dynamically alter the low threshold value when
the light level changes. The math tool formula uses the window tools' names
to represent the luminance values from them, and, as shown in Figure 8.9, it
takes the following form:

({back}+{fore})/2

Since the math tool’s name is “mid,” the math formulafor the third window’s
“Low” threshold can use that name to acquire the results from the math tool.
In the Figure 8.9 example, the current average value from the math tool’s
calculationis“113.922” (seethe“Nominal” field in the math tool’s edit
panel). The third window, using “{mid}” in the “Low” threshold’s math
formula, acquires the math tool result, and that value (rounded off) appears
as“=113" inthe“Low” threshold box. During run operations, this value will
vary according to changes in the external light levels, and it will thereby
maintain the correct “Low” threshold setting for the window.

8-12
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NOTE 1: Inthisexample, the formula, ({back}+{fore})/2, could have been
entered directly as the third window’s “Low” dynamic threshold math
formula, in order to save space. If, however, the formulawill be used by
other windows, placing the formulain an intermediate math tool, as shown
by the example, is useful.

NOTE 2: Maximum size of adynamic threshold formulais 32 characters. If
more characters are needed, use an intermediate math tool, which can hold
up to 128 characters.

NOTE 3: If the formula used to compute the dynamic threshold fails (for
example, it cannot access the specified inspection result), then the tool using
the dynamic thresholding will fail. The tool will also fail if the dynamic
thresholding formula produces an invalid threshold setting (for example, a
negative value, or avalue above 255).

Morphology Function

Morphology is atechnique for performing image enhancements such as edge
detection, noise removal, and smoothing.

The CVIM2 system has two morphology processors, each of which can
operate in either gray scale or binary mode, as follows:

e |ngray scale mode, the morphology processor receives gray scale image
data asinput. It processes this data and produces a new gray scale image
asits output.

e In binary mode, the morphology processor receives binary image data as
input. It processes this data, using up to six operation, and produces a new
binary image as its outpui.

One exampl e of the utility of morphology is where low contrast exists
between the workpiece features and the thresholded image contains white or
black “noise.”

When you optimize the threshold settings for solid white features, for
example, the black background may show white “noise,” which would
interfere with the counting of the white pixelsin the features. In such a case,
you may be able to eliminate the white noise from the black background by
using morphology.

Figure 8.10 (page 8-14) shows awindow placed over aworkpiece. In this
example, white noise appears in the black background.

8-13
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8-14

Figure 8.10 Example: Workpiece Image With White Noise in Background

CopyTest

Tools  Pisplay  Bons

If left in the window, the unwanted white noise pixels would increase the
total pixel count, and would thus interfere with the accuracy of the inspection
result. By using morphology, however, you can remove or “filter” this noise
from the window, as shown in Figure 8.11.

Figure 8.11 Example: Workpiece Image With White Noise Filtered
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Morphology Selection Panels

Note the and buttons under the cursors and slide bar in
Figure 8.10 (page 8-14). Each button selects a morphology selection panel
from which you can select the various types of morphology filtering
operations, binary or gray scale.

When you pick the [ESZ=3a button, the Morph 1 selection panel may appear
initially as shown in Figure 8.12.

Figure 8.12 Example: Morph 1 Binary Selection Panel
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When you pick the Mode box (which currently displays “Binary”) the gray
scale Morph 1 selection panel appears, as shown in Figure 8.13.

Figure 8.13 Example: Morph 1 Gray Scale Selection Panel
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When you pick the button (see Figure 8.10, page 8-14), the Morph
2 selection panel appears.

In general, the Morph 1 and Morph 2 filters can each be used in either
binary or gray scale mode; however, specific inspection tools may restrict
either or both filters to a particular mode.

The remainder of this section discusses the details of the binary and gray
scale morphology functions.

Binary Morphology

As shown in Figure 8.12 (page 8-15), the binary selection panel contains
several boxes and a[EEZE button.

The boxes in the binary panel, and the method of selecting the parameters
that they represent, are described briefly as follows:

e Mode— Thisbox indicates whether the binary or the gray scale
morphology function is selected.

When you pick this box, Binary togglesto Gray, or vice versa.

e Border — This box indicates whether pixels outside the processing area
are considered white or black. Black is the default border selection.

When you pick this box, Black toggles to White, or vice versa.

e Stage 1 through Stage 6 — Each of these boxes enables you to select one
of the binary morphology operations for each stage of the morphology
processor. “ldentity” is the default selection for each stage.

e Done— Usethe [EZEl button to save the entries in the binary Morph 1
selection panel entries and exit to the Thresh/Filter panel.

Note the six stages of binary morphology filtering shown in Figure 8.12.
These stages operate sequentialy; that is, stage 1 performs the first
operation, then stage 2, and so on. In general, you should set the binary
threshold to achieve the best possible image first, then, if necessary, set up
the morphology functions.

When you pick any of the six “stage” boxes, the Binary Morph function
selection panel appears, as shown in Figure 8.14 (page 8-17).
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Figure 8.14 Binary Morph Function Selection Panel
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Here are the binary morphology filter functions available in the Binary
Morph selection menu, along with a brief description of each:

e |dentity — Thisfunction performs no filtering effect on the binary
image. It is equivalent to making the stage inactive. Thus, when all six
menu boxes are set to Identity, the binary image is unaffected by the
morphology processor.

e Smoothing — This function performs a filtering operation that removes
"noise” pixels from the image. Noise pixels are isolated single or double
black pixels on awhite background or white pixels on a black
background. “ Smoothing” also smoothes edges on an object, rounds sharp
corners, and removes small features from the object and image field. It
does this without affecting the area of large abjects.

e |nversion — Thisfunction changes all white pixelsto black pixels, and
vice versa; thus, it inverts the image.

e Erosion — Thisfunction erodes the edges of white objects (and,
conversely, dilates the edges of black objects). Thus, white objectsin the
image field get smaller, while black objects get larger. Successive stages
of erosion can be used to achieve the desired effect. If it is necessary to
remove white noise from within a black object without changing the size
of the black object, the stages of erosion must be followed by an equal
number of stages of dilation.

Another effect of erosion isto "weld” together small black objects that are
otherwise separated in the original image.
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e Dilation — This function dilates the edges of white objects (and,
conversely, erodes the edges of black objects). Thus, white objectsin the
image field get larger, while black objects get smaller. Successive stages
of dilation can be used to achieve the desired effect. If it is hecessary to
remove black noise from within a white object without changing the size
of the white object, the stages of dilation must be followed by an equal
number of stages of erosion.

Another effect of dilationisto "weld” together small white objects that
are otherwise separated in the original image.

e Lin. Erosion 0— Thisfunction erodes white objects horizontally from
left to right. It erodes only on the left side of an object, and its effect, in
successive stages, isto eliminate thin white vertical objects (such as
lines), or, conversely, thicken thin black vertical objects, without affecting
thin horizontal objects.

e Lin. Dilation 180 — This function dilates white objects horizontally from
right to left. It dilates only on the right side of an object, and its effect, in
successive stages, is to thicken thin white vertical objects (such as lines),
or, conversely, eliminate thin black vertical objects, without affecting thin
horizontal objects.

e White Triple Point — This function can eliminate small white objects
from within black objects without affecting the size of the black objects.

e Black Triple Point — This function can eliminate small black objects
from the image without affecting the size of the white objects.

e Erosion Top Triangle — This function has an effect that is similar to the
effect of the erosion function, but not as pronounced. Thus, erosion top
triangle could be used where a smaller erosion effect is desired in one
stage. It can be used with the dilation bottom triangle function in balanced
numbers of stages, such asis described above for the erosion and dilation
functions.

e Dilation Bottom Triangle — This function has an effect that is similar to
the effect of the dilation function, but not as pronounced. Thus, dilation
top triangle could be used where asmaller dilation effect is desired in one
stage. It can be used with the erosion top triangle function in balanced
numbers of stages, such asis described above for the erosion and dilation
functions.

Look at the white features and black background in Figure 8.10 (page 8-14).
Notice that the black background contains white noise. The morphology
filtering function can be used, in this case, to remove the noise from the
background.
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Figure 8.15 shows how the workpiece image in Figure 8.10 would appear
after being filtered by an appropriate choice of morphology operations.

Figure 8.15 Example: Workpiece Image With White Noise Filtered
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Note that the Binary Morph panel selections shown in the example include,
from the top down, these filtering functions:

Thefirst and second operations (Erosion) each remove some white noise
from the black background, but at the same time, decrease the white features
size. The second and third operations (Dilation) each restore the white
features size without restoring the white noise in the black background.

Thus, the net cumulative effect of the four morphology filtering operationsis
to remove the noise from the black background without affecting the size of
the white features.
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Gray Scale Morphology

As shown in Figure 8.13 (page 8-15), the gray scale selection panel contains
several boxes and a [zl button.

The boxes in the gray scale selection panel, and the method of selecting the
parameters that they represent, are described briefly as follows:

e Mode— Use this box to select either the binary or the gray scale
morphology function for Morph 1. Binary is the default mode selection.
When you pick this box, Binary togglesto Gray, or vice versa.

e Border — Use this box to select either a black or white inside border for
the window. Black is the default border selection.

When you pick this box, Black toggles to White, or vice versa.
e Function — Use thisto select a gray scale function.

e Max, Min — Use either or both of these two groups of seven boxesto
configure the gray scale “kernel” structure, which determines, along with
the selected function, the effect of the gray scale morphology processing.

e Done— Usethe =@l button to save the entries in the gray scale Morph
1 selection panel entries and exit to the Thresh/Filter panel.

When you pick the Function box, the gray scale Function selection panel
appears, as shown in Figure 8.16.

Figure 8.16 Example: Selecting Gray Scale Function Panel
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Here are the gray scale morphology functions shown in the Function
selection panel, along with a brief description of each:

e |dentity — This operation performs no filtering effect on theimage. It is
equivalent to making the gray scale morphology inactive.

e MIN — Thisfunction uses only the selectionsin the Min boxes. The
result is the minimum of the neighbors enabled in the MIN kernel.

When the Min kernel is fully configured with asterisks, the Min function
is analogous to the binary erasion function, in the sense that it makes
bright objects smaller (and dark objects larger).

e MAX — Thisfunction uses only the selectionsin the Max boxes. The
result is the maximum of the neighbors enabled in the MAX kernel.

When the Max kernel is fully configured with asterisks, the Max function
is analogous to the binary dilation function, in the sense that it makes
bright objects larger (and dark objects smaller).

¢ MAX —MIN — Thisfunction uses the selections in both the Min and the
Max boxes. It is used to detect edges, and it smoothes the image slightly.

e (MAX + MIN) /2 —Thisfunction uses the selections in both the Min
and the Max boxes. The result value is the average of the Max and Min
selections.

Gray scale morphology processing uses a “kernel” structure to examine each
pixel intheimage. The “kernel” structure is represented by a group of seven
boxes, as shown in the gray scale selection panel in Figure 8.13 (page 8-15).
This structure comprises a “ neighborhood” of seven pixels.

Each box can contain either an asterisk (*) or aminus sign (-). An asterisk
designates the neighborhood pixels that the morphology processor will
evaluate; a minus sign designates the neighborhood pixels that the processor
will not evaluate.

Figure 8.17 (page 8-22) illustrates the relation of the kernel structure to the
matrix of pixelsin theimage. The pixel being examined currently is the one
under the “C” (center) box in the kernel structure. (The arrows indicate the

path of the kernel through the image matrix.)

As noted above, the morphology processor evaluates only the neighborhood
pixels under the boxes containing asterisks. It determines (and replaces the
center pixel with) the largest gray scale value of these pixelsin the MAX
kernel. Similarly, it determines (and replaces the center pixel with) the
smallest gray scale value of these neighborhood pixelsin the MIN kernel.
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Figure 8.17 Example: Kernel Structure and Neighborhood of Image Pixels
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The resulting output pixel value depends on the selected function.

NOTE: Of specia significance isthe Max — Min function when both
kernels are configured in one of the following three forms as shown in
Figure 8.18.

Figure 8.18 Examples of Three Kernel Configurations for Max — Min Function
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When configured as shown in (A) of Figure 8.18, where all of the kernel’s
seven boxes have asterisks (for both Max and Min), the effect of the Max —
Min function is to detect all edges around objects within the inspection
window. Thus, the circular black objects shownin (A) of Figure 8.19 are
shown with their edges “detected” (highlighted) all around in (B) of

Figure 8.19.

Figure 8.19 Example: Filtering Effect of Max — Min Function With All Asterisks Set

When configured as shown in (B) of Figure 8.18, where just the three
adjacent horizontal boxes have asterisks (they must be the same three
horizontal boxes for both Max and Min), the effect of the Max — Min
function isto “detect” only the vertical edges on objects within the
inspection window. Thus, the rectangular black objects shown in (A) of
Figure 8.20 (page 8-24) are shown with their vertical edges “detected”
(highlighted) in (B) of Figure 8.20.

When configured as shown in (C) of Figure 8.18, where just three adjacent
vertical boxes have asterisks (they must be the same three vertical boxes for
both Max and Min), the effect of the Max — Min function isto “detect” only
the horizontal edges on objects within the inspection window. Thus, the
rectangular black objects shown in (A) of Figure 8.21 (page 8-24) are shown
with their horizontal edges “ detected” (highlighted) in (B) of Figure 8.21.
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Figure 8.20 Example: Filtering Effect of Max — Min Function With Three Horizontal
Asterisks Set

Figure 8.21 Example: Filtering Effect of Max — Min Function With Three Vertical
Asterisks Set
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Discrete I/0 Editor Panel:
General Information

Chapter

Discrete 1/0 Assignments

This chapter provides detailed information about the discrete inputs and
outputs that connect the CVIM2 system to the user’s process control
equipment through the Module 1/0, System 1/O, and Remote I/O ports on
the CVIM2 module front panel. This chapter also includes the procedures for
assigning signals to the discrete inputs and outputs, the front panel LEDs and
the remote 1/0O inputs and outputs.

The Module 1/0 port contains two input and 14 output lines, while the
System /O port contains 16 discrete lines that the user can select asinputs
or outputs. The front panel contains two user—assignable status LEDs. The
Remote I/O port provides 120 inputs to the CVIM2 from aPLC™, and 128
outputsto aPLC (the CVIM2 appearsto a PLC as afull 8-slot rack on the
remote 1/O line).

The discrete 1/0 assignments are performed in the Discrete 1/0O Editor
panel. When you pick Discrete 1/O in the Editors menu of the main menu
bar, the Discrete 1/0O Editor panel appears, as shown in Figure 9.1.

Figure 9.1 Selecting the Discrete I/O Editor Panel (VGA Monitor)

Discrete 1-0 Editor "EE:CfgFileliZ.dio"

4

4

NOTE: You can access this panel from various places within the
Configuration and Acquisition editors, and there are differences in the types
of signal functions that you can assign, accordingly. These differences are
pointed out later in this chapter.
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Panel Layout and Functions

The Discrete I/O Editor panel shown in Figure 9.1 (page 9-1) is arranged
as atable containing 16 rows and five columns. Each row designates one of
the 16 input or output locations, such as“In 1” and “Out 6.” (When an
RS-170 monitor is used, the Discrete I/O Editor panel appearsin two
“pages,” each with eight rows.

Just above the top row are the column headings, which are described briefly
asfollows:

e |n/Out — This column indicates whether arow pertainsto a discrete
input or a discrete output.

e Signal Name — This column identifies the names of the signals assigned
to each input and output.

e Time— Time appliesto input and output signals. Use thisfield to
change parameters for the corresponding input or output signal.

For input signals, the default timeis“5.” This means that atrigger input
signal must occur at least 5 milliseconds after the previous trigger signal
in order to be recognized.

For output signals, the default timeis*“25.” This means that an output
signal will be active for 25 milliseconds, after which it will return to its
inactive state.

e +/——Thisfield appliesto the polarity of input and output signals. Use
thisfield to change parameters for the corresponding input or output
signal. Picking thisfield togglesit from “Pos” to “Neg,” or vice versa.

For inputs, the default edge polarity is“Pos” (positive). This means that
the CVIM2 system will respond to the positive—going edge of atrigger
signal.

For outputs, the default output signal stateis“Pos” (non-inverted). This
means that the signal will be active high and inactive low.

e Force— Usethisfield to alter the state of the outputs. The default stateis
“No.” Inthis state, the outputs follow the signals that are assigned to them
(such as“fail,” “warn,” “ACK,” and so on).

However, you can force an output to a continuously active state, or to a
continuously inactive state. Thus, “On” causes the output to be
continuously active, while “ Off" causes the output to be continuously
inactive.

e Delay — Usethisfield (in conjunction with the pulse input signal and an
inspection results output signal) to select the number of input pulses that
the CVIM2 system must count before making the inspection results
available to the user’s process equipment for “ parts tracking” purposes.

At the bottom of the panel in Figure 9.1 are four buttons, whose functions are
described briefly as follows:

e Done— The === button saves the currently selected discrete 1/0
selections for this panel, then exits the I/O panel and returns to the main
menu bar or other origin.
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e Cancel — Use the [IEEZX38 button to exit to the main menu bar without
saving any of the additions or changesin the I/O panel.

e Module /O — Use the EEXSERE button to select the /O Device panel,
from which you can select the other 1/O panels: the System 1/O panel,
the LED Outputs panel, and the Remote 1/O panel. The current selection
appears in this button.

e Goto—Usethe button to access the second half (rows 8 through
15) of the Module 1/O or System I/O panels when you are using an
Allen—Bradley Catalog No. 2801-N8 color monitor, or equivalent
RS-170 monitor in the panel.

When you are using aVVGA monitor, the button is active only when the
Remote 1/0 panel is selected. In this case, the IEZ button selects the
keyboard, which you can use to access a specific remote 1/0 address.

Note that the Discrete 1/0O Editor panel appearsin four formats, according to
the selection that you make in the I/O Device panel: Module I/O, System
I/0, LED Outputs and Remote 1/O. The differences between these four
panels are described in the remaining sections of this chapter.

Relation of Discrete 1/0 Assignments to Configuration File

Discrete I/O assignments are described in files whose file type nameis
“Discrete I/O” in the EE or other filer. The Discrete 1/O files are created
(named) in the Config Files panel, using the same methods that are used to
create the configuration, message, and acquisition configuration files, and
described in Chapter 4, Inspection Configuration under the Configuration
Process heading on page 4-2.

Multiple files can be named under the “Discrete 1/0O” file type hame;
however, only one can be selected for a particular configuration file and
“saved” as part of that file. The effect is that when an existing configuration
file nameis selected, the associated discrete 1/0 file is automatically
accessed.

Discrete Inputs: Interrupt Processing vs Poll Processing

The CVIM2 system uses two methods to process input signals: interrupt,
and polling. The main difference is that the interrupt method is faster than
the polling method; thus, this method is preferable for inputs that generally
require immediate response, such astriggers. The polling method is adequate
for inputs that are less time—critical, such as bank switching.
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Module I/O Functions

Hardware I nterrupt

When atrigger is assigned to either input line on the Module 1/O panel, or to
any of lines 0 through 3 on the System 1/O panel, the CVIM2 system will
automatically process triggers using hardware interrupts. When atrigger
occurs, the CVIM2 system hardware responds immediately and diverts the
software operation to starting an inspection cycle. The system response time
to ahardware interrupt is in the microsecond range.

Note that triggers can be assigned to lines 4 through 15 on the System 1/O
panel; however, the system will use the polling method to process triggers on
those lines. Since polling has aresolution in the millisecond range, it may be
too slow to process triggers; and, when trigger pulses are of short duration,
the system may miss some of those triggers.

Poalling

When an input other than atrigger is assigned to any of the input lines, the
CVIM2 system will use polling to process the input, regardless of whether
the line is capable of performing hardware interrupt processing. When using
polling, the system software checks the state of the input line periodically (at
approximately 25msintervals), and performs the appropriate operations
when is detects a change of state on theinput line.

When the Module 1/0O format is on the monitor screen (see Figure 9.1, page
9-1), the top two rows of the table are dedicated to discrete input signal
assignments, while the 14 remaining rows are dedicated to discrete output
signal assignments. The inputs and outputs assigned in this panel are routed
to the Module I/O connector on the CVIM2 front panel.

Trigger Input Selections

As noted above, the first two discrete 1/O locations are reserved for inputs
only. To assign atrigger source to either input, pick the corresponding box
under the Signal Name heading. When you do, the Input Signals menu
appears, as shown in the examplein Figure 9.2 (page 9-5).

Note that only the trigger names that are defined in the currently selected
configuration file will appear in the Input Signals menu at thistime. Since
most inspection applications must be synchronized with external events, such
as a sensor activated by parts or assemblies moving down a conveyor belt, a
trigger signal will normally be routed from such an external source.
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Figure 9.2 Example: Selecting the Input Signals Menu

Discrete 170 Editor "EE:CfgFile#fZ.dio"

In Out Signal Hanme

Input Signal=s

1.Inl
Toolset 1.In2
Toolset 1.In3
Toolset 1.Ind
Toolset 1.Triggexr
Toolset 1.DU Reset
Toolset 1.Pulse
Bank Switch

To select atrigger input signal from the Input Signals list, highlight the
signal name, then pick the [IEZEl button. When you do, that name will appear
in the Discrete I/O Editor panel, as shown in Figure 9.3.

Figure 9.3 Example: Selecting a Trigger Input Signal (Module 1/0 Layout)

Input Signals

Toolset 1.Inl r'
Toolset 1.In2
Toolset 1.In3
Toolset 1.Ind
Toolset 1.Trigger
Toolset 1.0V Heset
Toolset 1.Fulse

Bank Switch

Signal MHame
Toolset 1.Triggern
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You can assign more than one input signal from the Input Signals list to a
single discrete 1/0O input. For example, you could assign both Toolset
1.Trigger and Toolset 2.Trigger in Figure 9.3 (page Figure 9.3) to discrete
input “In 0” in the Module 1/O editor.

You can assign atrigger input signal to only one discrete I/O input. For
example, if you assign Toolset 1.Trigger to discrete input “In 0,” as shown
in Figure 9.3, and then assign that same input signal to another discrete I/0O
input, it will be removed from “In0.”

To remove atrigger input signal from the discrete 1/0O editor, pick its namein
the Inputs Signals list, then pick the IEZ button.

Bank Switch Input Selection

The Bank Switch input function is used to activate either cameras 1, 2, and
3 or cameras 4, 5, and 6. (Normally, this function should be assigned only to
the System 1/O panel, as an input, on one of lines 4 through 15. Lines 0
through 3 on the System 1/O panel, and lines 0 and 1 on the Module 1/0
panel should be reserved for trigger inputs. See Discrete Inputs: Interrupt
Processing vs Poll Processing on page 9-3 for details.)

DV Reset Input Selection

The DV Reset (datavalid reset) input function isintended for operationsin
which the CVIM2 system is connected to an Allen—Bradley PLC™ through
the Remote 1/O front panel connection.

The DV Reset function is assigned as an output from the PLC in the
Remote I/O pand (an input to the CVIM2 system). It is one of the
“handshaking” signals used between the two systems. For details about its
use, refer to the CVIM2 Communications Reference Manual.

In1 - In8 Input Selections

Input selections In1 through In4 (or In1 through In8 if the “tsin”
environment variable is set to 08) can be configured as general purpose input
signals that can be used in math tool formulas and “Condition” selectionsin
the tool set edit panel. In amath tool formula, these inputs return alogic “1”
when active, and alogic “0” when inactive. In a Condition selection, these
inputs, when active, enable the corresponding tool to execute, and when
inactive, prevent atool from executing.
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Pulse Input Selection: Parts Tracking Function

The pulse input signal enablesthe CVIM2 system to be synchronized with
the user’s process equipment in order to track parts beyond the physical point
at which the inspections take place — that is, beyond the camera station.

The pulse input is selected by highlighting “ Toolset n.Pulse” for the
appropriate toolset (n) in the Input Signals panel (refer to Figure 9.3 on
page 9-5). Asisthe case with trigger signals, you can assign a pulse input
signal to only one discrete I/O input. For example, if you assign Toolset
1.Pulse to discreteinput “In 0,” and then assign that same input signal to
another discrete 1/O input, it will be removed from “In0.”

In effect, thisisa“ parts tracking” function that delays the CVIM2 system'’s
delivery of “pass/fail” (or other) inspection results to the user’s process
equipment, thereby allowing that equipment to take the appropriate
“accept/reject” action on the inspected parts at a user specified distance
downstream from the camera station.

Since each pulse represents a known distance along a conveyor system, or a
known number of cycles of an indexed machine, the user can specify the
number of pulses that most accurately places the inspected parts within the
accept/reject station. When the CVIM2 system has received the
user—designated number of pulses, it issues the pass/fail results from the
corresponding inspection, and the process equipment can then respond
accordingly at the accept/reject station.

The pulses may originate from a separate encoder device mounted on a
conveyor system. On an indexed machine, the pulse signal may come from
the same trigger signal source that initiated the inspection cycle. The pulse
count parameter (that is, the number of pulsesto be counted) can be selected
in the Delay column of the Discrete /O Editor panel, after selecting an
appropriate output signal, asillustrated by the examplesin Figure 9.6 (A) and
(B) on page 9-11.

To select the pulse count parameter, pick the appropriate box in the Delay
column. When you do, the “calculator pad” appears, asindicated in
Figure 9.4 on page 9-8.

Using the known distance between the camera station and the accept/reject
station, and also the distance that a part travels between successive pulses,
select a pulse count that will ensure the CVIM2 system issues the inspection
results when the inspected parts reach the accept/reject station. For example,
if the distance from the camera station to the accept/reject station were 12
feet (144 inches), and each pulse represented 3 inches, you would need to
select 144 + 3 =48 pulses.

NOTE: If thetrigger signal sourceisto be used aso as the pulse source, the
trigger signal will count as the first pulse count. Thus, if an output isto be set
on the second pulse after the one that initiated the inspection, the pulse delay
count must be set to 3, not 2.
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Figure 9.4 Example: Using the Calculator Pad to Select Delay Parameter
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Output Selections

As noted earlier, the lower 14 discrete |/O locations in the Module 1/O layout
are reserved for output signals only. To assign an output signal, pick one of
the corresponding boxes under the Signal Name heading. When you do, the
Output Signals panel appears, asillustrated by the example in Figure 9.5.

Figure 9.5 Example: Selecting the Output Signals Panel

— R
Discrete I/0 Editor "EE:CfgFilelt2.dio"

Eignal Hame

Toolset l‘“‘QP

M

Toolset 1
Module Ready

Bank State
Toolset Edit

Note that this panel contains three scrolling lists. The left list contains signal
names that relate to the tool sets in the currently selected configuration file,
and to the configuration generally. The center list contains signal names that
pertain to results from specific toolsets. The right list contains signal names
that pertain to results from specific tools within a specific toolset. (Note that
the center and right panels are empty, initially.)

The signal names appearing in the left scrolling list are described briefly as
follows:

e Toolset n — Thisisthe generic name for atoolset. It cannot be selected
alone; it is always selected in conjunction with a tool set—related selection
in the center panel, or with atoolset selection and a tool—related selection
in the right panel.

e Module Ready — This signal is active continuously when the CVIM2
system isonline and is able to process inspections; otherwise, itis
inactive.

e Bank State— This signal indicates whether cameras 1, 2, and 3 are
active, or cameras 4, 5, and 6.

e Toolset Edit — Thissignal indicates that the system is online and ready
for inspections, and the toolset edit panel is open.

99
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 9

Discrete I/0 Assignments

The signal names appearing in the center scrolling list are described briefly
asfollows:

e Pass— Thissignal occurs when the system has processed all tools and
has found that all have passed their inspection tasks.

e Fail — Thissignal occurs when the system has processed all tools and
has found at least one tool that failed its inspection task for any reason.

e Tool n — Thisisthe generic name for an inspection tool. When you
highlight “Tool n,” alist of tool results selections appearsin the right
scrolling list (the selections are detailed below).

e Strobe — Thissignal, when assigned to an output, delivers a
strobe-firing pulse after receiving and processing atrigger signal.

e Trigger ACK — Thissignal occurs after the CVIM2 system has detected
atrigger signal. It indicates that the inspection will be processed.

e Trigger NAK — Thissignal occurs after the CVIM2 system has detected
atrigger signal. It indicates that the inspection will not be processed.

e Data Valid — Thissignal occurs after the inspection is complete and the
outputs have avalid state.

e DV Overrun — Thissignal is generally assigned in the Remote 1/0O
panel as an output to an Allen—Bradley PLC™., It indicates that the
CVIM2 system did not receive a Data Valid Reset signal from the PLC
before a new set of inspection results became available; thus, the new set
of inspection results has overrun the previous set.

The signal names appearing in the right scrolling list pertain to inspection
results from the tool selected in the center panel. The specific set of names
appearing in thislist depends on the specific tool type (such as gage or
window) depicted by the Tool n selection in the center panel. Execute,
Pass, Fail, and Fail High are among those names typically appearing in the
right panel (refer to the various “Tool Inspection Results and Math Tool
Formulas’ sectionsin Chapter 6 and Chapter 7 for explanations of these
names within the context of the specific inspection tool types).

To select an output signal, highlight asignal name in the left scrolling list. If
you highlight either Module Ready or Bank State, no additional names
will appear in the center list; thus, you can pick the lEZ=ll button at thistime.

If you highlight one of the toolset names in the left list, however, additional
names will appear in the center list. At this point, you must highlight asignal
name in that list. If you highlight any name except atool name, no additional
names will appear in the right list; thus, you can pick the X button at this
time. When you do, the highlighted signal name will appear in the Discrete
I/O Editor panel, as shown in Figure 9.6 (A) on page 9-11.

9-10
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 9

Discrete I/0 Assignments

Figure 9.6 Example: Selecting an Output Signal (Module I/O Layout)
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If you highlight one of the tool namesin the center list, however, additional
names will appear in the right list. At this point, you must highlight a signal
name in that list, and then pick the [l button. When you do, the
highlighted signal name will appear in the Discrete I/O Editor panel, as
shown in Figure 9.6 (B).

The output signals are examined in more detail in the timing charts later in
this chapter.

Time Selections
Asindicated earlier, the“ Time” field designates parameters for the
corresponding input or output signal:

For input signals, the Time parameter designates the minimum time
separation between the leading edge of successive trigger signals. The
purpose of this setting isto “debounce” inputs from mechanical devices.
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The default Time setting for inputs is 5ms. In this case, the CVIM2 system
will not recognize atrigger signal whose leading edge occurs earlier than
5ms after the leading edge of the previous trigger signal.

For output signals, the Time parameter designates the minimum duration that
an output signal remains active. The default Time setting for outputsis
25ms.

To change the input or output setting, pick the appropriate box in the Time
column. When you do, the “calculator” pad appears, as shown in Figure 9.7.

Figure 9.7 Example: Using the Calculator Pad to Change Time Settings

Evpivanment Fiilp Editovs Heopviiy

Calculator
Enter Dekounce Duvation

To change atime setting using the calculator, pick the button, then
enter any new number from 1 to 9999. After entering the number, pick the
button. When you do, the new number will appear in the Time box,
and the calculator will disappear.

NOTE: Setting an output pulse duration of Oms has a special effect; namely,
it resultsin a non—pulsed output, which means that an output will remain at
the level to which it was set by the results of the last inspection cycle. The
output will change to the opposite level only when a subsequent inspection
result changes. For example, an output assigned to atool “fail” function will
remain active after receiving atool “fail” signal, and it will go inactive only
after the corresponding tool passes an inspection.
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+/— Selections

As described earlier, the +/— field selects additional parameters for the
discrete inputs and outputs, as follows:

For inputs signals (System 1/O only), the +/— parameter determines (when
the CVIM2 system is online) whether the system will respond to an
off—to—on change in the trigger input line (Pos), or to an on-to—off changein
theinput line (Neg). Pick the appropriate box under the +/— heading to
toggle “Pos” to “Neg,” or vice versa, for a particular input signal.

If an I/O interface board is being used, you can determine the input line state
by looking at the corresponding LED on the IMB board: Thus, the input line
state is on when the corresponding LED on the IMB board is on, and vice
versa. Figure 9.8 shows these relationships.

Figure 9.8 Example: Effects of +/- Settings on Trigger Signal Detection
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On trigger signal
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Input line state ~
Off
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On trigger signal
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Input line state /

Off
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* trigger signal
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For output signas, the +/— parameter determines whether an output will be
inverted. If “Pos” is selected (the default selection), the output is not
inverted, and its active stateis on. If “Neg” is selected, the output isinverted
and its active state is off. Figure 9.9 illustrates this relationship. Pick the
appropriate box under the +/— heading to toggle “Pos” to “Neg,” or vice
versa, for a particular output signal.

Figure 9.9 Example: Effects of Non-inverted and Inverted Output Selections
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Force Selections

Asdescribed earlier, the Force parameter can alter the state of an output
when the systemis online, according to which of the three choicesis selected:
No, On, or Off. These are described briefly as follows:

No — Thisisthe default selection, and it causes the selected output to follow
the variations in the signal function that is assigned to it.

On — Thisforces the selected output to go active and remain active as long
asthe systemisonline.

Off — This forces the selected output to go inactive and remain inactive as
long as the system is online. (Note that all outputs, except the strobe output,
are deactivated when the system goes offline.)
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Output Status from Various +/- and Force Selections

Table 9.1 shows the output status (activated or deactivated) for each
combination of inspection results (true and false) and corresponding settings
of “+/-" (Pos and Neg) and “Force” (No, On, and Off).

Table 9.1 Output States from Various Inv and Force Selections

Inspection Results | +/- Selection | Force Selections *Qutput Status
Any Pos Off Deactivated
Any Pos On Activated
Any Neg Off Activated
Any Neg On Deactivated
False Pos No Deactivated
True Pos No Activated
Fase Neg No Activated
True Neg No Deactivated

*When the CVIM2 system is offline, all outputs (except the strobe output) are deactivated.

System 1/O is the second of the four Discrete I/O devices. You can select it
as shown in Figure 9.10 (page 9-16).

When the System 1/O format is on the monitor screen, all 16 rows of the
table are available for input or output signal assignments. The inputs and
outputs assigned in this panel are routed to the System 1/O connector on the
CVIM2 front panel.

Note that initially al of the rows are designated as outputs, “Out 0" to
“Outl5.” To change any row to an input signal, just pick one of the “out”
boxes. When you do, the “out” box toggles to become an “in” box. Thus,
“Out 0” togglesto “In 0,” for example.

NOTE: Triggers should be assigned only to inputs 0 and 1 on the Module
I/0 panel and inputs 0 to 3 on the System 1/O panel. Other inputs should not
normally be assigned to these inputs. (See Discrete Inputs:  Interrupt
Processing vs Poll Processing on page 9-3 for details.)

For information about selecting input and output signals, refer to the Module
I/0O Functions section on page 9-4.
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Figure 9.10 Selecting the System /O Editor Panel
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LED Outputs isthe third of the four Discrete 1/0 devices. You can select it
asshownin Figure 9.11.

Figure 9.11 Selecting the LED Outputs Panel
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When the LED Outputs format is on the monitor screen, only the top two
rows of the table are available for status LED assignments. The LED outputs

assigned in this panel are routed to the Status 1 and Status 2 indicator
LEDs on the CVIM2 front panel.

For information about assigning outputs to the two status LEDS, refer to the
Output Selections section on page 9-9. You can select output signals from
the same Output Signals menu shown in Figure 9.5 (page 9-9).
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Remote I/0 Functions Remote 1/O isthe fourth of the four Discrete 1/0 devices. You can select it
asshownin Figure 9.12.

Figure 9.12 Selecting the Remote I/O Editor Panel
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When the Remote I/O format first appears on the monitor screen, the 16
rowsin the editor panel pertain to the first 16 of 248 composite addresses for
an Allen—Bradley PLC™ (programmable logic controller).

The PLC addresses appear under the In/Out heading in the Remote 1/0
editor panel, and they have the following basic format:

0:030/10
‘ |— Bit Number
Group (word) number

PLC Rack Address
0 = Output from PLC; | = Input to PLC
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Note that “O” and “1” indicate output and input from the PLC per spective.
The “rack address’ isthe one that you set in the Remote 1/0O Configuration
panel, which you can access from Environment in the main menu bar (refer
to Chapter 10, Environment Menu Selections for details).

Note also that the composite addresses (as well as the parameters under the
Time, +/—, and Force headings) are shaded, and thus you cannot alter them
in the Remote 1/O panel.

Thefirst 120 rows are all PLC outputs (CVIM2 inputs), while the remaining
128 rows are all PLC inputs (CVIM2 outputs). You can access all 248 rows
by picking the IEE button and entering a specific address in a keyboard, or
by picking the scroll bar, scroll bar arrows, or scroll bar slider at the right
side of the editor panel. In al cases, the proper selection of these composite
addresses is dependent upon knowledge of the PLC and how it is
programmed to interface to the CVIM2 through the remote /O port.

For information about selecting input and output signals, refer to the Module
I/0 Functions section on page 94 of this manual. For details about remote
|/O communications, refer to the CVIM2 Communications Reference
Manual.
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Discrete I/O Signal To make proper use of the output signals, you must first understand the
Timing Data timing relationships that exist between the trigger input signal (which starts
each inspection cycle) and the output signals.

Knowing these signal timing relationships enables you to accurately
synchronize the CVIM2 system’s inspection cycles with your process
equipment. The timing chartsin Figure 9.13, Figure 9.14 (page 9-21), and
Figure 9.15 (page 9-22) contain examples of these signal timing
relationships in various circumstances.

Figure 9.13 shows the relationship between the trigger leading edge and the
strobe, data valid, fail, and tool fail signals, where the last three appear as
pulses whose duration you determine in the appropriate Time box in the
Discrete 1/0O Edit panel.

Figure 9.13 Example: Timing Relationships for Pulsed Outputs

! [ PULSED I/O TIMING |
' ya
; /
MODULE . I MODULE READY goes high when system is placed
el ' online, and stays high until it is placed offline.
TRIGGER 1 Trigger Trigger
(Input) pulse #1 pulse #2
. _.; ! ) _.: :‘_ You can select
, e Typically 200 to 400uSec X ; apulse width
. ' of 1to 9999ms
STROBE , ' You can select
! , apulse width
X ; ' ' of 1to 9999ms
. ! DATA VALID will always pulse high
\?AAIT-IAD : X . s when inspection processing is complete.
' B S — DATA VALID lags the inspection result by
! X 300usec
: - Vo
' ' b = =< FAIL will pulse high if any tool’s LSl
L} = P L}
FAIL " X . wx ¢ fail range limit is exceeded ' '
X -— > : ' :
X . : . : .
N ’ l " []
: : ' '
TOOL | X r == TOOL FAIL will pulse high if a specific s
FAIL ' * e 0 s tool’sfail range limit is exceeded . '
0 [ : . : [}
" [] " []
*Acquisition time: 34 —51ms, for two—field resolution; 17 — 34ms for one—field resolutions.
** Analysistime.
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Note that Module Ready is high only when the system is online.

Figure 9.14 also shows the relationship between the trigger |eading edge and
the strobe, data valid, tool fail, and fail signals, when the output duration has
been set to Oms and thereby sel ects non—pulsed output. In this case, the last
three appear as changesin signal levels. Thiswill occur if you select 0 msec
in the appropriate Time boxes in the Discrete 1/0 Edit panel.

Figure 9.14 Example: Timing Relationships for Non-Pulsed Outputs

MODULE
READY

TRIGGER
(Input)

STROBE

FAIL

TOOL
FAIL

[ NON-PULSED I/O TIMING |

/

MODULE READY goes high when system is placed
online, and stays high until it is placed offline.

: Trigger Trigger
" pulse#1 pulse #2
: : /7
: ' /77
; L x+ | FAIL will go highiif ...orlowif no
' - i any tool’sfail range tool’s fail range
' Py \ limit is exceeded . . . limit is exceeded. /l
{4 ' /
: . //
[ ' //
' X * %+ | TOOL FAIL will go high ... or lowif the
' "—"—’ if a specific tool’s fail tool’s fail range limit
Py \ range limit is exceeded . . . is not exceeded. /l
/7/ /

*Acquisition time: 34 —51ms, for two—field resolution; 17 — 34ms for one—field resolutions.
** Analysistime.
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Figure 9.15 is an example of a missed—trigger situation, in which a second
trigger signal arrives before the system is ready to process another trigger.
When this occurs, the system sets the Trigger NAK signal.

Figure 9.15 Example: Timing Relationships for Missed Trigger

, | MISSED-TRIGGER EXAMPLE |
. /
! /
MODULE , MODULE READY goes high when system is placed
READY online, and stays high until it is placed offline.
. [ See NOTE below |
TRIGGER ! Trigger Trigger Trigger
(Input) pulse #1 pulse #2 pulse #3
! ; ——! e—— Typically 300 to 600uSec :
. ' ' TRIGGER NAK goes high . TRIGGER .NAK stays low
TRIGGER : ' because trigger 2 cannot be ' becausetrigger 3 can be
NAK | ' ' processed. (Trigger 1 [ processed. (Trigger 1
' X ' processing is not yet complete.) | processing is now complete.)
: — ‘«—— Typically 700 to 1200uSec :
TRIGGER - ! I
ACK ! . '
STROBE ' : I .
I ! Y Y
! ! * Acquisition time:
DATA , % ** 34 — 51ms, for two-field resolution;
VALID S - — 17 — 34ms for one-field resolutions.
! ) ** Analysistime.
NOTE: If trigger pulse #2 occurs within the “debounce’ time after
trigger pulse #1, it is assumed to be trigger “bounce” and isignored.
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The system will not process atrigger signal in the following situations:

e Whenever a second trigger signal occurs within the “debounce” time of
thefirst signal. (In this case, thereis no Trigger NAK signal, and no
“missed trigger” is counted.)

e When the " Overlap Acg/Insp” function is disabled, and a second trigger
signal occurs before the system has finished the inspection cycle started
by thefirst trigger signal. In this case, the trigger NAK signal occurs.

e When the “Overlap Acg/Insp” function is enabled, and a second trigger
signal occurs before the system has finished the image acquisition cycle
started by thefirst trigger signal. In this case, the trigger NAK signal
occurs.
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This chapter provides detailed information about the functions that you can
select in the Environment menu in the main menu bar.

The Environment menu appears when you pick Environment in the main
menu bar, as shown by the example in Figure 10.1.

Figure 10.1 Example: Selecting the Environment Menu

_ File Editors Security

Revizion
Language

Config ! EE:FrontLahel

Variahles
Comm Ports [

Go On—Line
oy GEE-Live

The Environment menu contains six items. The functions of these menu
items are described briefly, asfollows:

e Revision — When you pick this menu item, the CVIM2 Revision
information box appears on the screen. It contains the CVIM2 banner
information, along with the series, revision, and firmware revision levels
of your CVIM2 module, and any option package installed.

e | anguage — When you pick thisitem, the Language selection panel
appears on the screen. Using this panel, you can select the appropriate
language for the CVIM2 module user interface.

NOTE: To use alanguage other than English, you must purchase a
language card (such as Catalog No. 5370—-RE2 or 5370-GER?2) that
contains foreign language dictionaries.

e Config: xx:<filename>— Thisitem displaysthe currently active
configuration file. The system executes this file when you pick Go
On-Line. You can pick Config : xx:<filename> to select a different
configuration file from the Config Files panel.

e Variables— When you pick thisitem, the environment variables editor
panel appears on the screen. Using this panel, you can modify or delete
various system variables, or add new variables in some cases.

e Comm Ports— When you pick thisitem, the Comm Ports selection
menu appears on the screen. From that menu, you can select the
configuration panel for each of the four RS-232 serial ports: Module 1/O
Port A, Module I/O Port B, System 1/O Port A, and System /O Port B.
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e Go On-Line— When you pick thisitem, the CVIM2 system goes
online, and is enabled to perform inspections using the configuration file
identified in the Config : xx:<filename> line. (If the system is already
online, the typeis shaded.)

e Go Off-Line— When you pick thisitem, the online CVIM2 system goes
offline, and terminates inspections using the configuration file identified
in the Config : xx:<filename> line. (If the system is already offline, the
typeis shaded.)

The remainder of this chapter describes the functions listed above.

Revision Data When you pick the Revision item in the Environment menu, a CVIM2
Revision box appears, similar to the one illustrated in Figure 10.2.

Figure 10.2 Selecting the CVIM2 Revision Information Box

CUIHMZ Revision

CUIMZ
Bulletin 5378
Copyright @ﬂ 1992-1994 Allen—Bradley Company, Inc.
Serie=z A, Revizion A — Firmware Revizion BH3

The Series and Revision levels pertain to the CVIM2 hardware, while the
Firmware Revision level pertains to the basic operating system software. If
an option packageisinstalled, its name and revision level aso appearsin this

box.
Configuration File The configuration process, which creates all of the configuration files that
Selection arerequired for an application, is discussed in detail in Chapter 4, Inspection

Configuration, starting on page 4-2. After completing that process, when
you then pick the Config : xx:<filename> item in the Environment menu,
the Config Files menu reappears, as illustrated by the examplein

Figure 10.3 (page 10-3).

Initially, the Config Files menu highlights the currently selected
configuration file (EE:FrontLabel in the example). To select a different
configuration file, pick (highlight) the appropriate configuration file name.
When you do, the new name appears in the Config field (along with the
corresponding Acg. Config, Discrete I/0O, and Message file names). After
highlighting the other configuration file name, pick the [EEZl button to exit
to the main menu bar.
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Figure 10.3 Example: Selecting the Configuration File Selection Menu

IR aud File Editors Security

Revizion
Language

Config @ EE:FrontLahel

Variahles \
Comm Ports > \
Go On—Line §
iy GFE-Line \'§V

Config Files

EE: BackLakbel

If you pick the Environment menu again, you will see the newly selected
device and configuration file in the Config : xx:<filename> line. This
configuration file will used when you place the CVIM2 system online.

Variables When you pick the Variables item in the Environment menu, the
Environment panel appears, as shown in Figure 10.4. Note that the
Variables item is available only for security level 8 users, by default.

Figure 10.4 Example: Selecting the Environment Panel

_ File Editors 3Security

Revision
Language

Environment
Config : EE:FromtLahe
rorta—ASCII,38408, Mo, 8,1

_ DMod= 4
dio=&
Comm Ports porth=Mouse,12@8@,MHo, 8,1
rortd=Mouse, 12008,No. 8,1
R rio=16, 57.6
Go On-Line rortc=ASCII, 9600, Mo, 8,1
Gy OFf-Line cfg=EE:FrontLahel
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Note that the Environment panel contains several “buttons.” Hereis a brief
description of their functions:

e Add —Usethe button to add new variables.

e Delete— Usethe button to delete the highlighted variables file.

e Edit — Usethe IEEEE button to edit the highlighted variablesfile.

e Archive — Use the [EEZEZal button to archive the highlighted variables
filein aspecified device.

® Restore— Usethe button to restore a previously archived
variablesfile.

e Done— Usethe [l button to exit to the main menu bar.

The examplein Figure 10.4 illustrates alist of system variables, whose
settings and parameters affect the overall operation of the CVIM2 system.

Some variables can be set by utilities outside this menu. In particular, the
“porta=x . . .” items show the parameters set under the RS-232 serial port
panels (see RS-232 Serial Port Setup following this section); and, the
“cfg=xx:<filename>" item is the configuration file selected in the Config
Files panel (see Configuration File Selection, page 10-2). For a complete
list of user—selectable environment variables, refer to Appendix B.

Editing Variables

NOTE: Itisnormally not necessary to edit the variablesin the
Environment panel.

The general procedure for editing a variable is to pick (highlight) the
variable, then pick the button. When you do, the keyboard appears,
as shown in Figure 10.5.

Figure 10.5 Example: Editing a Variable

Environment

porta=ASCII,384680, Mo . 8.1 I_ -

DMod= 4
dio=6
porth=Mouse,1288,MNo. 8.1

portd=Mouse,12808,MNo. 8.1
rio=16, 37.6
rortc=ASCII,9688,Mo. 8,1
cfg=EE: FrontLakbel
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Note that all variable names are case-sensitive. Enter the appropriate changes
to the variable, then pick the button. When you do, the keyboard
disappears and the changed variable appears in the Environment panel.

NOTE: An edited variable may not become effective immediately; usually,
you must cycle the power to the CVIM2 module in order to activate the
changed value.

Adding Variables

The Add function enables you to add variables that can alter or “customize”
the CVIM2 system’s performance in important and useful ways. Refer to
Appendix B for a complete list and description of the user configurable
environment variables.

To add avariable, thefirst step isto pick the lEE button in the
Environment panel. When you do, the keyboard appears, asillustrated by
Figure 10.6 (Part 1).

Figure 10.6 Example: Adding a Variable (Part 1)

Environment

rorta-ASCII, 38488, Ho, 8,1
DMod= 4

dio=6
portb=Mouse,12088,Ho,8,1
rortd=Mouse,1200,HMo, 8,1
rio=1l&, 357.6
rortc=ASCII,2688,Ho, 8,1
cfg=EE: FrontLabel

Enter Environment Variakle SEpec ...

=1 =] | | XN ECEN EDN ] | J

The second step isto enter the environment variable name, the equal sign
(=), and the parameter(s) on the keyboard, then pick the key. When
you do, the keyboard disappears and the new variable appearsin the
Environment panel, asillustrated by Figure 10.7 (Part 2).

Figure 10.7 uses the “ramdevsize” variable as an example of auser
configurable environment variable. This variable can be used to change the
size of the RM: device for temporary storage of files. (Since the RM: device
isvolatile, files stored there will be lost whenever the CVIM2 moduleis
powered down.)

10-5
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The default size of the RM: device is 4048 bytes; however, you can increase
it to amaximum of 32,512 bytes by adding “ramdevsize=32512" to the
environment variables panel and cycling power to the CVIM2 module.

Figure 10.7 Example: Adding a Variable (Part 2)

Enter Environment UVariakble Spec ...

Environmnent

ramdevsize=32512
rorta=ASCII,384808,Ho,. 8,1
DMod= 4

dio=6
porth=Mouse, 12808, Ho,. 8.1
yortd=Mouse, 1208, Ho,8,1
rio=1l6, 57.6

rortc=ASCII,2608,No, 8,1
cfg=EE: FrontLakel

NOTE: An added variable may not become effective immediately; usually,
you must cycle the power to the CVIM2 maodule in order to activate the
variable.
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Archiving Variables

The Archive function enables you to save the entire list of variablesin the
Environment panel to a separate file for the purpose of transferring the
environment to another CVIM2 system (or for use as backup in case of
hardware failure).

shown in Figure 10.8. Initially, the panel is empty, as shown.

Figure 10.8 Example: Selecting Archive File Name

DMod= 4

dio=6
rorth=Mouse,1208,Ho, 8,1
rortd=Mouse,1208,Ho, 8.1
rio=16, 57.6
portc=ASCII ., 2688, Ho,. 8,1
lang=—eng

cfg=EE: FrontLakel

PR SR S
N

Entexr a file name. Default dewvice is EE:.

BB e BB | | | |

To archive the current list of environment variables, pick the button.
When you do, a keyboard appears. Enter an appropriate name for the archive
file, (such as MC:Archivel in Figure 10.8). (Note the message in the
keyboard title bar indicating that the default device is EE.. If you want to
change the device, enter the new device name ahead of the archivefile
name.)

After entering the archive file name, pick the [IEEE=E key on the keyboard.
When you do, the keyboard disappears and the “Save as . . .” panel returns
with the archive file name listed, as shown in Figure 10.9 (page 10-8).

10-7
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Figure 10.9 Example: Archive File Name in “Save As . ..” Panel

To exit the“Save as . . .” panel, pick the [lEZZ= button. At that point, the
Environment panel will reappear. (Note that the [E=&=al button is now
active, indicating the presence of one or more “Env. Arch.” files.) To exit the
Environment panel, pick the [EEZ=l button.

After exiting the Environment panel, if you pick File in the main menu bar
and access the device in which you stored the archive file (“MC:” in the
current example), you should see that file listed as“Env. Arch.” under the
File Type heading, with the name that you selected (Archive 1) appearing
under the File Name heading, asillustrated in Figure 10.10.

Figure 10.10 Example: Archive File Name in “MC:” Device

File Tupe i File HMHame

AppBTools
tsla

tslh
Toolsl
Toolsetd
Toolse
FrontLabel
Imol

Templ
firchivel ¥ Fitten

Status ! Device 0K
(692763 Availakle (322126) lUsed (331582 Free
Type ! CUIMZ Data Size ! 64 Kbhuytes
Hrite Protect : OFF Battery : OK
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Restoring Archived Variables

The Restore function enables you to restore any previously archived list of
environment variables. If the environment variables are lost for any reason,
you can restore them by picking the IEZ= button.

in Figure 10.11. Asthe example shows, all of the variablesin the
Environment panel have been lost (the DMod=n variable appears after
powerup). To restore an archived list of environment variables, highlight the
appropriate archive filename (if more than oneis listed) and pick the I
button. When you do, the Environment panel reappears with the archived
variables. At this point, you should cycle the power to the CVIM2 module to
ensure that the restored variables become effective.

Figure 10.11 Example: Restoring Archived File

Environment

File Select

MC:Archivel

noxXun
mmo l=1920880
rorta=ASCII, 38408, Ho, 8,1
DMod= 3

dio=6
rorth=Mouse,12808,Ho, 8,1

rortd=Mouse,12808,Ho, 8,1
rio=16, 57.6
rortc=ASCII,?68B8,Ho, 8,1
cfg=EE: FrontLahel

Alternatively, you can aso restore the archived variables by accessing the
File panel and copying the saved archive file. To perform the copy operation,
highlight the “Env. Arch.” filein the appropriate device and pick the
button. When the keyboard appears, enter the following device and name
exactly as shown:

EE:Environment

You can also perform the copy operation using the “fcopy” operation
through one of the communication ports. (Refer to the CVIM2
Communications Reference Manual for use of the fcopy command.)
10-9
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RS-232 Serial Port Setup

10-10

When you pick Comm Ports in the Environment menu, the Comm Ports
selection menu appears, as shown in Figure 10.12. When you then pick one
of the four RS-232 port items, the corresponding /O port configuration
panel appears as shown in the figure.

Figure 10.12 Example: Selecting an RS-232 Port Configuration Panel

_ File Editors Security

Revision
Language

Config : EE:FrontLabel

Variahles
Comm Ports Module I-0 Port A
Module I/0 Port B

Go On—Line System 170 Port A ‘
G GEPE-Line Bystem 10 Port B \

Remote I-/0 Configuration \

Dizcrete Outputs

Module 10 Port A

Baud Rate Parity
Mouse B HNHo
Keyboard QO Even
Dfl 20odd

Data Bits Stop Bits

8t |18 |

The CVIM2 system has four RS-232 seria ports, which are listed as follows
in the setup panel: Module 1/0 Port A, Module I/O Port B, System 1/O
Port A, and System I/O Port B. All of these ports are accessed through the
physical Module 1/0 and System I/O ports on the CVIM2 front panel.

The example in Figure 10.12 illustrates selecting one of the port setup panels,
in this case, the Module 1/0 Port A setup panel. To configure this serial port,
first select its intended use (ASCII, Mouse, Keyboard, or DF1) by picking
(highlighting) one. Here is a brief description of the applicability of each of
the four selections:

e ASCII — Select ASCII when using the RS-232 port to transfer datato
and from devices using the ASCII protocol.

e Mouse — Select Mouse when the port is dedicated to a serial mouse.

e Keyboard — Select Keyboard when connecting an external RS-232
keyboard to the port. This can be used to input data when the graphical
keyboard or calculator is on the screen.

e DF1— Select DF1 when using the RS-232 port to transfer datato and
from devices using Allen—Bradley’s DF1 communication protocol.

Then, choose the appropriate values from the selections alongside each of the
four parameters (baud rate, number of data bits, parity, and number of stop
bits), according to the requirements of the equipment to which the port is
connected.
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When you pick Comm Ports in the Environment menu, the Comm Ports
selection menu appears, as shown in Figure 10.13. When you then pick
Remote I/O Configuration, the remote I/O port configuration panel appears
as shown in the figure.

Figure 10.13 Example: Selecting the Remote I/O Port Configuration Panel

_ File Editors Security

Revision
Language

Conf'ig ! EE:FrontLabel

Variahles
Module 170 Port A
Module 170 Port B
Go On-Line Bystem 170 Port A
Gy GFf-Lins System 140 Port B
““‘\ Remote [0 Configuration
\ | Discrete Outputs |

Remote I-0 Configuration

Data Rate

{@ 57.6 _‘
Q115.2
Oz2z208.4

Rack Address| 25 |(1-76 octal?

The CVIM2 system has one physical Remote 1/O port on the front panel,
and it is used for data communications with Allen-Bradley PLC™ processors
or 6008SI interface cards.

To configure the remote 1/0 port, select the appropriate data rate and rack
address, then pick the [l button. When you do, the panel disappears and
the main menu bar is once again active.

When you pick Comm Ports in the Environment menu, the Comm Ports
selection menu appears, as shown in Figure 10.14 (page 10-12). When you
then pick Discrete Outputs, the Discrete Outputs configuration panel
appears as shown in the figure.

The top two fields in this panel enable you to control the state of the discrete

outputs during online operations. The bottom field displays the test/runmode
status of the programmable logic controller connected to the remote 1/0 port.

10-11
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Figure 10.14 Example: Selecting the Discrete Outputs Configuration Panel

BRSO File Editors  Security

Revizion
Language

Conf ig : EE:FrontLabel

Variahles

Conn Ports Module 170 Port A
Module I-0 Port B

Go On-Line System 170 Port A

System I/0 Port B

i ‘éggf'

Discrete Qutputs

Remote 170 Configuration

Discrete Outputs

outputs Enakled
Forces Disakled
PLC Test

Hereisabrief description of the three fields in the Discrete Outputs panel:

e Outputs— Thetwo selectionsin thisfield are Enabled and Disabled.
“Enabled” allows the discrete outputs to become active during online
operations, and to reflect the results of inspections. “Disabled” causes al
outputs (except the designated Strobe outputs) to remain inactive during
online operations.

e Forces— Thetwo selectionsin thisfield are Enabled and Disabled.
“Enabled” allows all discrete outputs that are configured with a“Force”
selection of “On” or “Off” to reflect the Force selection during online
operations. “Disabled” prevents the Force selections from operating.

Notethat if “Disabled” is selected in the Outputs field, the selection in
the Forces field has no effect.

e PLC Test — Thetwo status conditions displayed in thisfield are On and
Off. When the “On” statusis displayed, all discrete outputs are disabled
(except the designated Strobe outputs) regardless of the selection in the
Outputs field. When the “Off” statusis displayed, the outputs are subject
to the selections in the Outputs and Forces fields.

The “On” status will appear only when an Allen—Bradley programmable
logic controller (PLC™) is connected to the Remote I/O port and the
PLC isset to the “test” or “program” mode.

NOTE: The“Off” status can be restored only when the PL C reports that
its has returned to the “run” mode. If communications with the PLC are
disrupted after the PLC has set the “On” status, the “Off” status can be
restored only by cycling the power to the CVIM2 module.

10-12
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Online Operations The Go On-Line item in the Environment menu is the gateway to online
operations, during which the CVIM2 system is enabled to perform
inspections.

When you pick Go On—Line, the system is activated for online operations,
and at least one image/tool display panel and one results display panel
appears on the screen, as shown by the example in Figure 10.15.

Figure 10.15 CVIM2 Activated for Online Operations

Environment File Editors Security

=] Toolset 1 *
Tools Display Resume -

Online image/tool
display pane

Online results

display panel
- \V

1 —| Results 1 *
Totals » -

Hame Resul t Faul ts Status & Time

Tool 1 24999 a Pass &.1
-
[ — a0

In this example, the image display is at the top of the screen, while the results
display is at the bottom. The positions of these panels, aswell astheir size,
can be configured using the Display configuration panel, as described on
page 4-23 of Chapter 4, Inspection Configuration.

This section describes these panels and their functions.

10-13
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Online Image/Tool Display Panel

The online image/tool display (Figure 10.15, page 10-13) conformsto the
parameters set up in the Display panel (which is discussed in the Selecting
Display Parameters section of Chapter 4, on page 4-16).

One such online image/tool display panel appears on the screen for each tool
set defined in the Configuration Editor panel (see Figure 4.7 on page 4-9, in
the Inspection Names and Archive Names section of Chapter 4). Thus, if
threetool sets are defined, three image/tool display panels will appear on the
screen.

Note that the image/tool display panel has a menu bar containing three
functions, which are described briefly, as follows:

e Tools— When you pick thisitem, the toolset Adjust panel appears,
which enables you to make some tool adjustments such as tool position
and size, range limits, and so on.

e Display — When you pick thisitem, adisplay selection menu appears.
The selections in this menu determine the content of the image/tool
display panel, aswell as the image—freeze mode, during online
operations.

e Resume — When you pick thisitem after an image freeze has occurred,
the frozen image is released and the image updates resume.

Tools

When you pick Tools in the menu bar, the toolset Adjust panel appears, as
shown in Figure 10.16.

Figure 10.16 Example: Selecting the Toolset Adjust Panel

Environment File Editavs Security

=] Toolset 2

Togis  Bisplay  Hesuns

fid just "Toolset 2"

Condition Ref.
Enakled

392,392 Tool bhytes, 3567336 Results butes
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Thetoolset Adjust panel is similar to the Toolset Edit panel described in
Chapter 4, Inspection Configuration, under the Setting Up Inspection Tools
heading (page 4-20). Note that some of the functions in the Toolset Edit
panel are unavailable or inactive in the toolset Adjust panel; for example, the
tool name is inactive (shaded type), which signifies that you cannot change
the namein this panel.

The main function of the toolset Adjust panel isto enable you to adjust some
tool parameters while the system remains online and continues to perform
inspections with no loss in speed.

When you pick atool type field in the toolset Adjust panel (such as
“Gage”), thetool Adjust pand for that tool appears, as shown in
Figure 10.17.

Figure 10.17 Example: Selecting a Tool Adjust Panel for the Gage Tool

fid just "Toolset 2"

Tupe SN\ \ \ ol tion Ref. 51 52 Dect
Gage Nﬂ ’II

Adjust "Toolset 2.Tool 1"

Operation
Mode
Shape
Filter
Hidth

Mominal

Note that the gage tool parametersthat are adjustable at thistime are
indicated by the active fields and buttons — the remaining parameters are
adjustable only while the system isin the setup mode.
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10-16

Display

When you pick Display in the menu bar, the Display menu appears, as
shown in Figure 10.18.

Figure 10.18 Example: Selecting the Freeze Mode Panel

Tools R Resumne

Save Image Toolset 1 Freeze Modes

Rezet Counters

Image Only
Failed Tools
rAll Tools

OO0 =

FCamera 1
Camera 2
Camera 3

Note that the save image, reset counters, tool, and camera selections for the
online Display panel are the same asin the setup mode Display panel (which
is described in Chapter 4, Inspection Configuration, on page 4-23). The
differenceis that the online Display panel does not contain aLoad Image
field, and does contain a Freeze Modes field.

When you pick the Freeze Modes field, the Freeze Modes pand appears,
as shown in Figure 10.18. The selections in this panel cause the system to
“freeze”’ an image when atool failure occurs, thus enabling you to inspect the
image and possibly determine the cause of the tool failure.

Note that in the Reject Modes section of the panel you can select one of the
following four reject display conditions:

e Display All — This selection causes the system to update the display
continuously regardless of reject conditions.

e Pause on Reject — This selection causes the system to “pause” for the
time specified in the Pause Time field; that is, the image is “frozen”
when argject occurs, for the specified pause time (1 to 30 seconds). After
that, screen updates resume, and they continue until the next reject occurs.
Inspection operations are not halted.

e Freeze First Rejects, Freeze Last Rejects — These selections cause the
system to store the image associated with aregject condition. Inspection
operations are not halted.

When Freeze First Rejects is selected, the first rejected image will be
held on the display. While the image is frozen, subsequent rejected
images will be stored in the reject queue. Once the queueisfull,

additional rejected images will be discarded. When you select Resume,
the CVIM2 will continue to update the image display if the reject queueis
empty; otherwise, the next image in the queue will be removed from the
queue and displayed.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 10

Environment Menu Selections

When Freeze Last Rejects is selected, the first rejected image will be
held on the display. While the image is frozen, subsequent rejected
images will be stored in the reject queue. Once the queue isfull, the
oldest rejected image in the queue will be removed from the queue and
placed on display (in effect, an automatic resume when the queue is full).
When you select Resume, the CVIM2 will resume the normal image
display if the reject queue is empty; otherwise, the next image in the
queue will be removed from the queue and displayed.

Resume

When you pick Resume in the image display menu bar, or pick the Bl
button in the Freeze Modes panel, a“frozen” image is released, and the
image updates resume.

Reject Queue Size

Thisfield reflects the reject queue size that was selected in the Display
panel, asindicated in Chapter 4, Inspection Configuration, on page 4-17.

RejectsHeld

Thisfield reflects the current number of reject images held in the CVIM2
system. This number, in some instances, may be one greater than the queue
size.

Inspection Results Display Panel

The main purpose of the ingpection results panel isto display the results of
each inspection cycle for each tool in the associated tool set. The panel
displays the tool’s name, the pass/fail status of the previous inspection, the
cumulative total of failed inspections, and the results values of the previous
ingpection. (Note: This panel isthe same for both online and offline
(“setup”) operations.)

The basic display data areillustrated by the example Results panel shown in
Figure 10.19 (page 10-18).
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Figure 10.19 Example: Inspection Results Display Panel

—| Results 1 +|
Totals W A |
Hame Resul t Faul ts Etatus B Time
Tool 1 24999 a Pass 6.1

The Results pand contains several columns having the following functions:

Name — This is the name of the tool aslisted in the toolset edit panel.

Result — This shows the basic result value from each activetool. It is
updated following each inspection.

Faults — Thisindicates the number of faults (inspection failures)
accumulated for each active tool during the current online session.

Status — Thisindicates the “pass,” “fail,” or other status for each tool
following the last inspection cycle.

A Time— Thisindicates the inspection cycle time for each tool.

Type — Thisindicates the inspection tool type (such as a gage or
window).

Operation — This indicates the inspection operation for which the tool
has been configured.

Reference — This indicates the tool number of the reference tool
providing shift and/or rotation compensation. “None” indicates that no
reference tool has been assigned.

The Results panel has two other display functions: The Totals detail pane,
and the Tool Results graphic detail panel. These two panels are described in
the following sections.

10-18
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Totals Detail Panel

When you pick Totals in the Results panel menu bar, the Totals detail panel
appears, as shown in Figure 10.20.

Figure 10.20 Example: Totals Detail Panel

- Results 1 *
Totals ky\ -
Hame N\ Resul t Faul t= Status B Time il
Tool 1 24999 [~] Pass 6.1
Toolset 1:Totals
Pause Done
Inspection: 8
Faul ts: a8
Missed Trigs: A
Rate: 99
Time: 23
Internval: 6Bl

Theitemsin this panel are described briefly as follows:
e |Inspection — This shows the cumulative total of inspections since the
system was placed online.

e Faults— This shows the cumulative total of faults for the associated tool
set since the start of inspection operations.

e Missed Trigs— This shows the cumulative total of trigger signals that
the system detected, but could not process, since the start of inspection
operations.

e Rate— This shows the current rate of inspection cycles, in parts per
minute, based on the interval value.

e Time— This shows the time, in milliseconds, of the most recent
inspection cycle.

e |nterval — This shows the timeinterval, in milliseconds, between the
start of the most recent inspection and the start of the previous inspection.

To pause the display updates, pick Pause in the menu bar; to exit the
display, pick Done.

10-19
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 10

Environment Menu Selections

Tool Results Detail Panel

When you “pick” anywhere along atool resultsline in the Results panel
under the Result, Faults, Status, or other column headings, a Results
detail panel appears. Figure 10.21 provides an example of four different
detail panels.

Figure 10.21 Example: Selecting Tool Results Detail Panels

=] Results 1 +
Totals » -
Hame Resul t Faul t= Etatus B Time
Tool 1 111,285 [=] Pass 4.4
Tool 2 162,176 189 B’,/”’—Pass 3g8.1
Tool 3 Image Pass 3.1
Tool 4 2754 a Pass -
Reference |/ /
line -
7 Window \_
i
or gage
] ’/ 7 \ [HL
RHesults 1:Tool 1 Results 1:Tool 2 \
FPause Done Fauce Tone
HMominal x: 111 H = 1 - 62
Mominal u: 2@s5 N““!“al e Ze
x: 111 Joaninan oe
u: @5 Hominal Theta: n g
; . y: iVe
Elapsed Time: 4.4 finder The ta: ila
" Fau!ts: a
=| Results Ll:Tool 4 [+ Elapsed Time: 38|11
Unwrap FPause Done *

Results 1:Tool 3
FPause Done

Operation! Transform

Fail High: 2858 Image Shape: Rectangle
Harn High! 2858 Passes!: 1

2754 tool Source c1
Harn Low!: 2658 Faul ts: a
Fail Low! 26508 Elapsed Time: 3.1

Faul t=s: a
Elapsed Time: 2.9

Note in Figure 10.21 that the example detail panelsfor Tool 1, Tool 2, and
Tool 3 contain only text data, while the panel for Tool 4 contains both text
and graphic data. Asthe figure shows, the specific text data that appearsin
any detail panel varies with the tool type and tool operation, and with the
inspection results.

You can expand a detail panel containing graphic datato alarger size by
picking the diamond (€) symbol in the upper—right corner of the panel.
When you pick this symbol, the detail panel expands to occupy the entire
screen, with the graphic display using most of the screen space.

By picking the diamond symbol again, you can return the detail panel to the
smaller size.
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Figure 10.22 illustrates an expanded detail panel. In this case, it presents
results data from a window tool.

Figure 10.22 Example: Tool Results Graphic Display Panel (Maximized)

- Results 1:Tool 4 *
Unwyayr Continue Done

Fail High:
Harn High:

Harn Low:

Fail Low: 195
2879 .889

Faults: a
Samples: 192
Minimum: 2811.a
Maximum: 2179.8
Elapsed Time!: 3.6

The graphic data elements appearing in this example panel are typical for all
graphic displays, and are described briefly as follows:

e Dynamic horizontal line (black) — This line records the results value of
each inspection cycle.

e Dynamic vertical line (yellow) — The line moves |eft to right, and
shows the point of the current inspection result. Note that the inspection
results on the black line just to the |eft of the yellow vertical line are the
newest, while the results just to the right are the oldest.

1021
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1022

e Dynamic horizontal line (green) — Thisline shows the relative level of
the current “mean” value.

e Static horizontal lines (red) — These two lines show the relative level
of the current “fail high” value (upper line) and “fail low” vaue (lower
line).

e Static horizontal lines (yellow) — These two lines show the relative
level of the current “warning high” value (upper line) and “warning low”
value (lower line).

The vertical tracking line moves from left to right. When it reaches the
rightmost position of the display, it moves to the leftmost position at the end
of the next inspection cycle.

To restart the vertical tracking line at the leftmost position on the graphic
display, pick Unwrap in the menu bar; to pause the display updates, pick
Pause in the menu bar; to exit the display, pick Done.

Figure 10.22 (page 10-21) illustrates how you can identify specific results
values along the black “results’ linein agraphic display. It works like this:
When you position the cursor at any point on the black line and pick theline,
the results value closest to the “pick” point will appear in the data table as
shown in Figure 10.22. Also, acaret (A) symbol will appear along the bottom
of the graphics area, just below the pick point.

The text data appearing in the example (Figure 10.22) reflects the tool type
(window), tool operation (white pixels), and current and statistical results
datafor the tool in this example. (Note that The Stat function must be
selected in the Toolset Editor panel for a particular tool in order for
statistical datato appear in the datatable.)
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File Panel: Description and
Use

Chapter

File Functions

This chapter provides detailed information about the file—manipulation
functions that you can perform in the File panel, which appears when you
select the File menu in the main menu bar. Essentially, these functions enable
you to examine and, in varying degrees, manipulate the filesin the various
internal (or external) memory elements that the CVIM2 system uses. These
memory elements are called “devices’ in the File panel.

The File panel islike afile directory in the sense that it lists al filesresiding
in the currently selected device. For most devices, the file panel can be used
to manipulate files by deleting them from the device, copying them to the
same device or to another device, or renaming them.

The File panel appears when you pick File in the main menu bar, as shown
by the examplein Figure 11.1.

Figure 11.1 Example: Selecting the File Menu

I
Environment m Security
File
z z z z z e

Discrete I/0 7 FrontLabel.dio
Tools 18 Toolsla FL:
Tools 2387 templ MC:
Config 461 eg Ui
Config 355 ge uz:
Config 232 FrontLakel RM:
Acyg. Config 1841 Cfg¥Hi2.acqy
Discrete IO ¥ CfgH2.dio

Tools 836 tempd
Config 484 Crog#2
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File List Column Headings

The File panel contains a scrolling list that displays the filesin the currently
selected device. The column headings for the file list are described briefly as
follows:

e File Type— This heading shows the name of the file type for each listed
file (see the File Types section on page 114, for details).

e Size— This heading shows the size, in bytes, of each filein thelist.
e Name— This heading shows the name of each file.

Devices and Device Status

To theright of thefilelist in Figure 11.1 (page 11-1) isthe devicelist (see
the Devices: Definitions and Descriptions section on page 11-6, for
details). Below thefile list are the status messages pertaining to the currently
selected device.

You can change to a different device by simply highlighting it in the device
list. At that point, thefile list displays the filesin the newly selected device,
and the device status fields are updated to reflect the status details for that
device.

The status messages shown for the EE: devicein Figure 11.1 are typical of
the status messages for the V1:, V2; and RM: devices; that is, these messages
all indicate the status of the selected device, the memory available and
memory used.

When you highlight the MC: device, however, one of the following two
types of status messages will appear, as shown in Figure 11.2:

Figure 11.2 Memory Card Status Messages

Memory card isnot installed:
Status ! Device not installed

Memory card isinstalled:

Status ! Device O0OK
{63276 Availakble (28524 Used {36752 Free
Type ! CUIMZ2 Data Size ! 64 EKhytes

Hrite Protect :@: OFF Battexry :©: OK

In the first instance, the memory card is not installed in the front panel dot of
the CVIM2 module; thus, thefilelist is blank, and the I button is
shaded.
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In the second instance, the memory card isinstalled in the front panel; thus,
thefilelist displays the files on the card, the button is active, and the
memory available/used/free message appears in the status message field.
Also appearing in the message field are the following special data and status
information:

e Type— Thisindicates whether or not the card is formatted for CVIM2
data.

e Size— Thisindicate the total capacity, in Kbytes, of the memory card.

e Write Protect — This indicate whether the write protect switch on the
memory card is ON (write protected) or OFF (not write protected).

e Battery — Thisindicates the battery condition: OK, or Low.

File Panel Buttons

Note that a File panel contains several buttons and one data entry field. Here
isabrief description of the buttons appearing at the bottom of the panel:

e View — When you highlight onefile in the file list, and then pick the
IEEZm button, the “Viewing file” panel appears and displays the contents
of that file (see the View section on page 116, for details).

e Copy —The button remains shaded type until you pick (highlight)

one or more of the listed files. You can then pick the button to copy the
highlighted file or files (see the Copy section on page 117, for details).

e XCopy — The[EZ=E button remains shaded until you pick (highlight)
one or more of the listed files. You can then pick this button to copy the
highlighted file or filesto a different device (see the XCopy section on
page 11-9, for details).

e Rename—The button remains shaded until you pick (highlight)
one or more of the listed files. You can then pick this button to change the
name of the highlighted file or files.

e Delete— The [E2XE button remains shaded until you pick (highlight)
one or more of the listed files. You can then pick this button to delete the
highlighted file or files (see the Delete section on page 11-9, for details).

e Done— When you pick the IEEE button, the File panel disappears.

Hereisabrief description of the buttons and data entry field appearing at the
right side of the File panel:

e Format — When you highlight any device (except FL: and V1.) in the
device list, and then pick the lE==l button, the format “Yes or No”
decision panel appears on the screen for those devices that can be
formatted (see the Format Function section on page 11-11, for details).

e Recycle— When you highlight the V1 or V2 device, the == button
is active. This enables you to reclaim memory occupied by deleted files
(see the Recycle Function section on page 11-12, for details).
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e Battery — When you highlight the MC device, the ES&=8 button is
active. This enables you to change the memory card battery with the card
in the front panel (see the Battery Change section on page 11-10, for
details).

e Filter field — Thisdataentry field enables you to list selected files by
using the “wildcard” symbol “*” as appropriate (see the Filter section on
page 11-5, for details).

File Types

The main file types appearing in the file list are described briefly as follows:

e Acg. Config— Thisidentifies an acquisition configuration file, which
contains the acquisition parameters selected for a configuration.

e Config— Thisidentifies aconfiguration file, which contains al of the
parameters associated with a particular configuration.

e Discrete|/O — Thisidentifies a discrete 1/0O configuration file, which
contains the discrete 1/O parameters selected for a particular
configuration.

e Image — Thisidentifies an image file that was created in the image
manager panel.

e [nfc. Scr. — Thisidentifies an interface script file, which contains alist
of instructions that controls how a display panel is created and operates.

e Insp. Scr. — Thisidentifies an inspection script file, which contains alist
of instructions that controls how an inspection isrun; that is, where to get
the tools and where to place the inspection results.

e Message — Thisidentifies a message file, which contains the message
definitions of a particular configuration.

e Password — Thisidentifies a password file, which contains user names,
passwords, and user levels.

e Priv. Dict. — Thisidentifies a privilege dictionary, which contains
changes to default security privilege settings.

e Reserved — Thisappliesto files that are generated for internal use and
are not accessible to the user.

e Str. Dict. — Thisidentifies a string dictionary file, which contains strings
pertaining to buttons, menu boxes, error codes, and so on.

e Tools— Thisidentifies an inspection toal file, which contains the
parameters pertaining to each tool in a set of tools (such as gages and
windows).

e Unknown — This applies to any file type that the system cannot
recognize, such as a file downloaded from an external system or host that
did not contain afile type description.
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Filter

The entry in the Filter datafield determines which files (if any) will appear
in thefilelist. The Filter datafield in Figure 11.1 (page 11-1) shows a
single asterisk (*), which is the default entry in thisfield. Itisused asa
“wildcard” symbol, which meansthat it can be used as a substitute for all, or
part, of afile name (not file type). When used aone, the asterisk causes all
filesto belisted.

The question mark (?) can be used as awildcard symbol for any single
character in afile name. Multiple question marks can be used, if needed.

To change the current entry in the Filter field, pick the Filter field. When you
do, the keyboard appears, asking “Enter Filter.” After entering a new file
filter, press the IEEEa button on the keyboard. At that point, the file list will
be amended according to the new filter.

Figure 11.3 illustrates using the (*) wildcard to amend the file list.

Figure 11.3 Examples: Different Filter Field Entries and Results

Default: * = Display All Files

File Type

Discrete I.0 FrontLabel.dio
Tools Toolsla
Tools templ
Config eq

Config ge

Config FrontLahel
Acg. Config CfgH2.acqg
Discrete I/0 CfgH2.dio
Tools tenpd
Config CfgH2

Message FrontLakel.msg |_ H |_

Tools FrontLabel. ts1 B _
Acg. Config FrontLabkel . acy H

Discrete IO FrontLabel.dio H _

Config FrontLahbel

I_ Filtexr FrontLabel *
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Devices: Definitions and Theterm “device” refersto one of the six memory elements used by the
Descriptions CVIM2 system. The mnemonic name for each memory “device” appearsin
the device list, as shown in Figure 11.1 on page 11-1.

The six devices are described briefly as follows:

e EE — Thisisa64K-byte internal EEPROM, an electrically erasable,
programmable, read—only memory. It istypically used to store
configuration files, the password file, tool configurations, and acquisition
configurations.

e FL —Thisisaninternal “flash” memory. It is used to store files that are
used by the CVIM2 system software, and you cannot alter or delete these
files.

e MC — Thisisan external memory card, which is a battery—backed
memory that insertsinto aslot in the CVIM2 front panel. It istypically
used to store configuration files; however, it can be used to store any file
from any other device. Thefile sizeislimited only by the amount of free
space available on the card. Memory cards are available in sizes from
64K to 512K bhytes.

e V1—Thisisaninterna “flash” memory. The CVIM2 system usesit to
store “help” files, string files, dictionary files, and files created by
external packages.

NOTE: You should not use the V1 device as a backup storage device for
your files, since those files will be deleted when new revisions of the
CVIM2 firmware are |oaded.

e V2 —Thisisaninterna “flash” memory. It isused to store foreign
language dictionary files. You may use V2 as a backup storage device for
tool files, configuration files, and image files.

e RM — Thisisaportion of the internal random access memory (RAM),
up to 32K bytesin size, which isintended to be used for temporary file
storage. Its contents are lost when power isremoved.

View

The view function enables you to view the contents of one of the fileslisted
in the panel. When you pick the lEZa button after highlighting one of the
filesinthefilelist, the “Viewing file” panel appears, as shown in Figure 11.4

(page 11-7).

Thisfunction isintended for viewing characters and stringsthat arein
“printable” ASCII text form, such as the abbreviations and codes that
represent the inspection tool configuration in the “Tools1” filein

Figure 11.4. (If an image or dictionary file were viewed, the “ Viewing file”
would display the file in both hexadecimal and ASCII form.)
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Figure 11.4 Examples: Accessing “Viewing File” Panel

File Tupe Size File Hame Devices
Message 7 new.msg

Acyg. Config 1562 ge.acq

Tools 1782 Tool=s2

Tools 12832 Toolsl

Acqg. Config 1534 FrontLabel.acq

Tools 193 : : 5 -
Discmete 150 Viewing file EE:Toolsl
Config 54
Acg. Config 183
Discrete 1.0

Copy

The copy function enables you to copy afile to the same device under a
different name (a device cannot have two files with the same name). Also,
you can copy afile with either the same name or a different nameto a
different device (except the FL device), provided that device has sufficient
room for the copied file.

If no files are highlighted, the button will be shaded. When you
highlight one or morefiles, the button becomes active. When you then
pick the button, the keyboard appears, asking you to “Copy from
“xx:filename” to what file.”

To copy ahighlighted file to the same device, enter a different file name. To
copy multiple files, highlight the files, and use a new name for each file.

To copy ahighlighted file to a different device, enter adevice identifier, such
as“MC:” (use uppercase letters) ahead of the file name. You can use the
same file name, or adifferent one, in this case.

When you pick the [EEEEE button on the keyboard, the copy operation
occurs, and the copied files enter the appropriate device under the selected
file names.

Figure 11.5 and Figure 11.6 (page 11-8) provide an example of the copy
operation.
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Figure 11.5 Example: Starting the File Copy Operation

File Tupe Size File Hame

Tools 982 Toolslf H F t
. i 1432 tstcfgl.acqa : | et
1896 Toolsabo H -

16153 BasicCfg.acq
Discrete I-0 38 BasicCfg.dio

5319 Toolsé

125 FrontLakel.msg
1275 tsla
26868 Toolsidl
2688 Tools1d2

Etatus ! Device OK
{63276> Availakle (35478> lUsed (9798) Free

I Uiew I Cupu;‘:g‘\.u‘bw'lane I Delete I Done

\

Copu: EE:Toolse

Figure 11.6 Example: Completing the File Copy Operation

Copy: EE:Toolsé

File Type Devices

EE:
Todls143 it I_ Fnr-nat
MC:

AapdBTools

E
tsl'a ul: -
tsl% uz:
Junkimg RM: IBattery
Toolsl I_

To setd
FropitLabkel
Toolsé I_ Filter »*
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XCopy

The external copy function enables you to copy one or more filesin one
deviceto adifferent device (except the FL device), provided that device has
sufficient room for the copied file(s). The file name(s) remains the same.

If no files are highlighted, the button will be shaded. When you
highlight one or more files, the button becomes active. Then, when
you pick the [EZZ= button, the Devices selection panel appears over the
File panel, as shown in the examplein Figure 11.7 (page 11-9).

At this point, highlight a different device namein the devicelist asa
destination for the highlighted file or files. When you then pick the
button in the Devices panel, the external copy operation occurs.

If you examine thefile listings for the EE: device, you will find the copied
filesthere. Figure 11.7 illustrates how the transferred files might appear in
the EE: devicefilelistings.

Figure 11.7 Example: Performing the File XCopy Operation

File Tuwpe Size File MHame Devices
Toolelal — Devices _JEE: [
nprpBToo FL: -
MC:
ui: [Beosote

A==

File Tupe

Message getst,msy
Tools Tool

Config Fron{Lakel
Discrete 10 ge.djo

Config ge

Discrete 1.0 FrontLakel.dio
Acog. Config FrongtLahel .acq
Tools Toolsl
Tools TnuilB
Tools Toolsla

Delete
The delete function enables you to delete one or more filesin a device.

If no files are highlighted, the button will be shaded. When you
highlight one or more files, the button becomes active. Then, when
you pick the button, a warning message box appears on the screen as
shown by the example in Figure 11.8 (page 11-10).
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Figure 11.8 Example: Delete Warning Message Box

0K to delete MC:Tool=1B %

If you intend to perform the delete function, pick the B button; if not, pick
the & button to exit the delete function.

If you pick the IEM button, the file whose name appears in the warning
message box will be deleted. If two or more files were highlighted in the file
listing, a warning message will appear for each highlighted file. Thus, a
“Yes’ or “No” decision must be made for each of thesefiles.

Battery Change

The battery change function enables you to change the battery in a memory
card while the card is inserted in the CVIM2 module front panel slot. The
battery should be changed whenever the battery status message (on the File
panel) indicates that the battery is low, or every two years, as a preventive
measure.

The IEZ== button becomes active when you highlight “MC” in the device
list. When you pick the button, the CVIM2 module applies power to
the memory card and turns on the Memory Active LED, which indicates that
you can remove the battery without losing data. Also, a warning message box
appears on the screen, as shown in Figure 11.9.

Figure 11.9 Example: Battery Warning Message Box

System UWarning 272

Keep the memory card inserted in the =slot.
Remove the hattery holder and replace the hattery.
Select 0K when done.

To perform the battery change function, follow the instructionsin the
message box, then pick the B button when the change is completed.
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The format function can be used to erase all data from the external memory
card and from some of theinternal memory devices. When you pick Format
in the File menu, a warning message box appears on the screen as shown in
Figure 11.10.

NOTE 1: If the Format item in the File menu appearsin shaded type, the
format function for the selected device is not available or applicable.

Figure 11.10 Format Warning Message Box

0K to format device EE: 7

THI=S WILL ERASE ALL DATA OM THE DEVICE *t?

Yes I No

If you intend to perform the format function, pick the Il button; if not, pick
the & button to exit the format function.

If you pick the IlE button, two messages will appear on the screen, usually
in rapid succession: Format in Progress, and Format Complete.

NOTE 2: When formatting is under way for the V1: or V2: device, the
Pass/Fail LED on the CVIM2 front panel alternates between orange and
green until formatting is completed.

NOTE 3: When thefiles“.passwd, “Except.Ivl,” and “Except.str” are
stored in the EE: device, they are not destroyed by aformat operation on the
EE: device. Thesefiles are copied to the RM: device before the format
operation begins, and they are restored to the EE: device when the format is
complete. (If the RM: device has insufficient space for the copy operation,
the fileswill be copied instead to the VV2: device; however, if neither device
has sufficient space, the format operation will be aborted.)

Note that atilde (~) is added to each filename before being copied to the
RM: or V2: device. Thus, the file “Except.Ivl” would be copied to the RM:
or V2: device as“~Except.IvI”, thereby preventing it from overwriting afile
that was previously stored there under the “Except.lvl” filename. Thetildeis
removed from the filename when the copied file is restored to the EE:
device.
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Recycle Function The recycle function applies only to the V1: and V2: devices, and then only
when you need to update the appropriate device after deleting one or more
filesin the device'sfilelist (see the File Pand: Description and Use section,
page 11-1, for information about the File panel).

The V1: and V2: devices are flash memory elements. When you copy afile
from another device (such as an external memory card) to the V2: device, for
example, that file will appear in the V2: devicefilelist, and it will be stored
in an unused portion of V2: device (assuming that sufficient space exists).

If, however, you then delete that same file from V2, the file will disappear
from the V2: devicefilelist, but it will continue to occupy space in the V2:
device — and that space will not be available to files subsequently copied to
the V2: device.

The recycle function regains the memory space occupied by deleted files.
Thus, after deleting afile from the V2: devicefile list, you must pick
Recycle in order to make the memory space that the deleted files occupied
available to other files.

When you pick Recycle in the File menu, the recycle operation begins, and
two messages appear on the screen in succession: Recycle Operation in
Progress, and Recycle Operation Complete.

NOTE 1: When recycling is under way for the V1: or V2: device, the
Pass/Fail LED on the CVIM2 front panel aternates between orange and
green until recycling is completed.

NOTE 2: When you edit afile (such asa“Tools” file), the old version of
the file will be deleted and replaced by the new version of the file after you
complete your modifications. Repeatedly editing afile that is stored on the
V2: device (such asa“V2:FrontLabel” toolsfile) can quickly fill the V2:
device with old versions of that file, and it may increase the frequency with
which you must recycle the V2 device. Thus, during the time that you are
actively editing afile, you should store it on the EE: or MC: device.
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This chapter provides detailed information about the system security
provided in the CVIM2 system. Briefly, the system provides eight security
levels, where Level 1isthelowest level and Level 8 isthe highest (system
administrator) level. At each level, a user must have a user name and,
optionally, a password to gain access at the authorized level.

The security levels enable authorized users to access various functions within
the CVIM2 system, including, for the system administrator only, altering or
customizing some of the text fields in menus and “buttons,” and changing
“privilege’ levels that enable access to various parts of the system.

The CVIM2 system provides default levels for access to these functions.
Initially, some functions require a Level 8 for access, while others require a
Level 1. The system administrator can change many of these default levels as
required for a particular installation.

The security assignments are performed in the Security menu, which
appears when you pick Security in the main menu bar. Initially, the menu
bar and Security menu appear as shown in Figure 12.1.

Figure 12.1 Initial Appearance of Main Menu Bar and Security Menu

Environment File Editors = .
User
Level : 8
Changs Passord
Administer [ 2

The security levels are described briefly, as follows:

e | evelslthrough 7— Theselevelsare al assignable; that is, the system
administrator can enable and disable access to various system functions
(except system administration functions) as required by designated users
at each level.

e | evel 83— Thislevel enablesthe system administrator to have access to
all system and security setup functions.

NOTE 1. Initially, the default user is“no user,” and the security level is
Level 8. Security is not established until a password fileis created.
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NOTE 2: Thefirst user level created should be Level 8, since after a
password file has been created, the CVIM2 system always defaults to the
Level 1 user following powerup. If Level 8 isnot the first user level created,
the system will automatically create a default Level 8 user. Thus, when the
system power is subsequently cycled, the user can obtain accessto Level 8
functions by entering the following user name and password:

User name: superuser
Password:  key

When the default Level 8 user has been created, it should be replaced as soon
as possible with a permanent Level 8 user name and password, in order to
avert unauthorized entry to system administrator—only functions.

NOTE 3. The password file, which appearsin the EE: filer asfile type
“Password” and file name “.passwd,” can be sent to a host system; however,
the user name and password data are encrypted for security.
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Since the system initialy has no password file, the system security level
defaultsto Level 8, and any user can access all system functions. Thus, in
order to restrict access, the system administrator should first establish a user
name and optional password for Level 8 — for administration access only.
This processisillustrated in Figure 12.2.

Figure 12.2 Example: Initial Security Setup — Level 8

Environment File Editors

User :
Level : B

Ohavgs Fassuond

Uiew PW File
Add-Modify Us=—=
Delete User

Adninister

Adninister
I nter new/existing user name I
== | J | J | J | J | | | |
S Y N (S ) S e R e s =3
E (N N N S N e =
= (N N N N S e = ==
| Ntexr New Uuser Ppasswo I
= B | J 0 (e ) | ] | J
) 9 =0 =0 =0 =0 B =0 = = ==
B B0 (=0 = 0 =0 B0 =2 =2 ]
E D (D B0 S Y (N (= = =
() [ (=) () (===
(E5) (£33 5 =3
(E0 [0 3 = =13
= ==
=
==
A4

Environment File Editorz ESecurity

Once the system administrator’s Level 8 user name/password is entered, the
CVIM2 system will default to Level 1 on all subsequent power up
operations. Thereafter, the administrator must enter the Level 8 user
name/password correctly, using the appropriate uppercase and lowercase
characters, in order to gain accessto Level 8 functions.
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Thisisillustrated by the examplein Figure 12.3. Upon powerup, the main
menu bar will reflect the Level 1 condition; that is, “File” is missing, and
Level : 1 appearsin the Security menu. In this example, when the user name
“BOB” and password “RBT” are entered (the password appearsas“***” in
the keyboard), the main menu bar returns to its previous Level 8 appearance.

Figure 12.3 Example: Entering Level 8 User Name and Password

Environment Editors EEEEIVERAT]

i1

Changs Pasnos

I Enter your user name I
= B | | B B | | | J

I o e s s s O]

(IS e s e o e =

RNGESSEN (N NS (W Y i | =]

| Enter your password |
= B | J =na Qi 1n= Jiver ] | J

R [ | s s s e e s S £

(S e s ey ey e | [

RSN [N J[NS Jj Jje Jj J je J J =

Environment File Editorz Security

When Security is then picked, the Security menu will show User : BOB
and Level : 8, asshown in Figure 12.4.

Figure 12.4 Example: Security Menu With Level 8 User Entered

Environment File Editors =
Uzer : BOB
Level : 8

Change Passzword

Administer [ 3
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Password Changes This section illustrates the procedure for changing a user’s password. When
you pick Change Password, a keyboard appears, as shown in Figure 12.5.

Figure 12.5 Example: Changing Password

Environment File Editors =

User : BOB
Level : 8

Change Passuword

‘Q‘ Administer [

Enter your password

= B | | D SN | | | J

(] =9 £ (59 =1 (B (0 =0 () (=0 0 () = ===
) 0 0 (0 0 0 e e =
E Y (0 (0 (0 (0 0 (e ) e (e e e
EE 0 (0 0 ) (e ) e e e (e
| ] | ] | |

Thetitle line above the keyboard asks “ Enter your password.” This means
that you must enter your current password (not the new one). Note that as
you enter the password, an asterisk (*) appears in place of each character of

the password. When you complete the password entry, press the
button.

After pressing the button (and assuming that you entered the correct
password) the keyboard reappears with the title line now asking “Enter your
new password.” Again, an asterisk (*) appearsin place of each character of
the new password as you enter it. When you complete the new password
entry, press the [EEE=E button.

After you pressthe button, the keyboard reappears, this time with the
title line asking “Verify the new password.” When you finish reentering
the new password, press the button. If you reentered the changed
password correctly, the keyboard will disappear, indicating that the password
change was successful.
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Security Administration

126

This section discusses the security functions that are accessible only to the
Level 8 user (the “administrator”). When you pick Administer in the
Security menu, the Administer menu appears, as shown in Figure 12.6.

Figure 12.6 Selecting the Administer Menu (Level 8 Only)

Enviromment File Editors g
User . BOB
Level @ 8

Change Password

Adminigter >
Enviromment File Editors e

UView PU File
Add<Modify User
Delete User

Adninister

The Administer menu contains three items that enable the administrator to
inspect the password file, add new users, modify the password of any
existing user, or delete any user from the security system. In addition, it
contains an Administer function, which enables the administrator to change
the text in selected menu fields and buttons.

View Password File

When you pick View PW File, the “Viewing file <filename>" panel
appears, an example of which is shown in Figure 12.7 (page 12—7). This
panel contains the contents of the“EE: .passwd” file.

From left to right, each line entry in this panel shows the user name, the
password, and the security level. For example, the topmost entry in

Figure 12.7 shows that the user’'s nameis “BOB,” the user’s password is
“RBT,” and the user’slevel is“8.” Thus, in this case, the top entry is also the
system administrator, while the remaining entries have lower security levels.

Note that the top—down order in the “Viewing file” list indicates only the
order in which the entries were made, not the hierarchy of security levels
(the Level 8 user could just as well have been the last in the list).
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Figure 12.7 Example: Selecting the Password File Viewing Panel

Environment File Editors

User : BOB
Level : 8

Change Password

Adninister

View PU File ,
Add-Hodifu
Delete Use

Adniniste

Viewing file EE: .passud *

BOEB,REBT.8
Jim, jn=,1
Jerry,gph,b

Note also that you can only view the entriesin this panel; you cannot change
them at this point. To do that, you must pick the “ Add/Modify User” or
“Delete User” itemsin the Administer menu. These are described in the
following sections.

When you are finished viewing the password file, pick the [l button to
exit the file and return to the main menu bar.
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Add a New User or Modify an Existing User

When you pick Add/Modify User, the keyboard appears, as shown in
Figure 12.8.

Figure 12.8 Example: Selecting Add/Modify User
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The title line above the keyboard asks “ Enter new/existing user name.”
This means that you must enter a new name to add a user, or enter an existing
name to modify that user’s password or security level.

Adding a New User

With the keyboard displayed as shown in Figure 12.8, above, use the
following steps to enter a new user.

Enter anew user name on the keyboard. After entering the name, press the
[IES=a button. When you do, the keyboard reappears with the title line now
asking “Enter new user password.”

Enter the new user password on the keyboard. After entering the password,
press the IEEZE button. When you do, the keyboard reappears, this time with
the title line asking “Enter new user level.”

After entering the user level, press the IEXZE button. When you do, the
keyboard will disappear, indicating that the new user was entered
successfully and is stored in the password file.
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M odifying an Existing User

With the keyboard displayed as shown in Figure 12.8 (page 12-8) use the
following steps to modify an existing user’s password and/or level.

Enter the existing user name on the keyboard. After entering the name, press
the IEXE button. When you do, the keyboard reappears with the title line
now asking “Modify existing user password.”

If appropriate, press the I button to clear the previous password, then
enter anew user password on the keyboard. After entering the new password,
press the button. When you do, the keyboard reappears, this time with
thetitle line asking “Modify existing user level.”

If appropriate, enter a different user level number. After entering the new
user level number, press the button. When you do, the keyboard will
disappear, indicating that the existing user’s password and/or user level was
entered successfully and is stored in the password file.

Delete a User
When you pick Delete User, the keyboard appears, as shown in Figure 12.9.

Figure 12.9 Example: Selecting Delete User
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Thetitle line above the keyboard asks “Enter user name.” This means that
you must enter an existing name to delete that user from the password file.
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With the keyboard displayed as shown in Figure 12.9 (page 12-9), use the
following steps to delete an existing user from the password file:

Enter the existing user name on the keyboard. After entering the name, press
the IEEX= button. When you do, the keyboard will disappear, indicating that
the existing user was deleted successfully and is no longer stored in the
password file.

Administer Function

The “administer” function enables the system administrator to customize
certain text fields in menus and buttons, and to change the “ privilege” levels
for some of these menu and button items from their default access privilege
settings of Level 8 or Level 1.

When you pick Administer in the Administer menu, the Administer icon
appears under the Help icon, as shown in Figure 12.10, indicating that the
administer function is enabled.

Figure 12.10 Example: Selecting Administer Function

Environment File Editors
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Level : 8

Change Passuword

View PU File
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Delete User

Environment File Editors Security

When you pick the Administer icon, the icon disappears and the following
message appears. . .

Select the item to be changed.

... and, after afew seconds, the message also disappears. At this point the
system is fully enabled for modifying text and/or privilege levelsand is
waiting for you to pick an item to be changed.

NOTE: You must have the item to be changed already appearing on the
screen before picking the Administer icon.
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Changing Text: Menu Field

After enabling the system for text/privilege changes, as described in the
preceding section, you must pick the item that is to be changed. An example
of thisprocessisillustrated in Figure 12.11 (page 12-12). In this example,
the “File” text field in the main menu is changed to “File Storage.”

When you pick File in the main menu, the Change Menu Option panel
appears, as shown in Figure 12.11. Note that the current name, “File,”
appearsin the Menu Option field. When you pick thisfield, the keyboard
appears with the current name in the entry field.

At this point, you would typein “File Storage” and pick the IEX=a key to
exit the keyboard. When you do, the new name “File Storage” appearsin
the Menu Option field of the Change Menu Option panel. When you pick
the IEE button, the main menu appears with the new name File Storage in
place of the previous name.

Changing Text: Button Field

The process for changing text in a button is basically the same as for
changing text in amenu field, described above. Thefirst step isto make sure
the button appears on the display before picking the Administer icon. Then,
pick the button to access the change panel (titled Push Button Change in
this case).

NOTE: If you pick abutton that the system does not allow to be changed,
themessage. . .

This item cannot be changed.
... will appear on the screen.

As an example of changing button text, if you wanted to change the
button in atool edit panel to “HiLo Limits,” you would first pick the
Administer icon to enable the change operation. You would then pick the
button to access the Push Button Change panel, enter “HiLo
Limits” in the Menu Option field, and pick the IZEE button. The new name
“HiLo Limits” would then appear in button instead of “Ranges.”

Note that in the [EE=Z=Za button example, the full change panel appeared,
which allows both text modifications and access privilege level changes
(described later). If, however, you pick the I button, the abbreviated
version of the change panel would appear. The difference is that this panel
provides for text changes only. The system does not alow privilege level
changes for this button.
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Figure 12.11 Example: Changing “File” to “File Storage” in Main Menu Bar
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Changing Access Privilege L evels

The process for setting up a privilege change is the same as for changing
menu and button text fields. Thus, if the privilege level for “File” (see
Figure 12.11, page 12-12) isto be changed to include Level 6, the Level 6
selector must be picked as shown by the examplein Figure 12.12.

Figure 12.12 Example: Changing Privilege Level

EnvigOment >File Editors Security

Change Menu Option

I
o Q00

Change Menu Option

Menu Option

Privilege
QLevel Privilege Bit Mask:

DO Level

8Leuel 1 1 1 a a
Level

OLevel 8 7 [} 35 4

I Done I Cancel

Note that initially Level 8 is selected in the Privilege box, while in the
Privilege Bit Mask section, only Bit 8isa*“1.” Together, these indicate that
by default only a person with a Level 8 access (the system administrator) has
accessto “File” from the main menu bar.

When you pick the Level 6 selector, Bit 8, Bit 7, and Bit 6 are all “1.” By
default, whenever you select alevel below Level 8 in the Privilege box, the
levels above will become (or remain) “1,” which means that the selected
level and all higher userswill have Level 8 access (to “File” in the main
menu bar, in this case).
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When you then pick Security, the Security menu will appear as shownin
Figure 12.14 (page 12—14). You can then access the filer containing the
existing password file and view the Level 8 user name and/or password, or, if
aLevel 8 user name/password was never entered, enter a new one. If, for
some reason, you want only Level 8 and Level 6 users to have access to
“File,” you can pick the “1" box above “7” in the Privilege Bit Mask to
toggleitto “0,” as shown by the examplein Figure 12.13.

Figure 12.13 Example: Customizing Privilege Level

Change Menu Option

Menu Option File

Privilege
QLevel 8 QLevel 3 Privilege Bit Mask:
CLevel 7 CLevel
QLevel & OLevel 1 1 a 1 =] []
5
4

D Level
O Level (A 8 7 & 5 4

This disables accessto “File” for Level 7 users. Note in the selection in the
Privilege box has changed from Level 6 to Custom, since thisis a custom
privilege configuration.

Security Card A “security” memory card must be used for Level 8 access to the CVIM2
system whenever the Level 8 user name (other than the system—created
“Superuser”) and/or password has been misplaced or forgotten, and the
current security level isLevel 7 or lower.

Toregain Level 8 access, you must insert the security card into the Archive
Memory slot on the front panel of the CVIM2 module. In a second or two,
the full main menu bar will appear. When you pick Security in the main
menu, the Security menu appears as shown in Figure 12.14.

Figure 12.14 Security Menu With Security Card Inserted
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You should then pick the “Administer” field in the Security menu to access
the Administer menu, as shown in Figure 12.14.

At this point, you can either pick View PW File to view an existing
password file and record (if appropriate) the existing Level 8 user
name/password, or, if aLevel 8 user name/password was never entered, pick
the Add/Modify User field and enter anew Level 8 user name/password as
described in the Add a New User or Modify an Existing User section of this
chapter.
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Warning and Error Messages

This appendix tabulates al of the CVIM2 system warning and error
messages, which are listed in ascending numerical order. Each message
appearsin amessage box on the monitor screen. The text of each message is
shown under the “Message Text” heading in the table. A brief statement of
the “reason” for each message is shown under the “ Conditions’ heading.

Warning/Error
Code

Message Text

Conditions

256

Too many open files

Open filelimit exceeded.

257

File not found

Requested file does not exist.

258

File exists

Requested file exists and should
not for the current operation.

259

No such device

Requested deviceisnot in the
devicelist.

260

No space |eft on device

Thereisinsufficient space on the
requested device for the operation.

261

Invalid access mode

The device does not support the
reguested access.

262

1/O error

An error exists on the device.

263

Write access denied

The deviceisread only or write
protected.

264

Illegal seek

Requested seek is out of bounds
for thefile.

265

Device has no directory

The device does not support a
directory.

266

Too many open directories

Open directory limit exceeded.

267

CRC onfilefaled

The datain thefileis corrupted.

268

Error deleting file name

The specified file should not be
deleted.

269

Error renaming file name

The specified file should not be
renamed.

270

Error copying file name

The specified file should not be
copied.

271

Error reading file name

The specified file should not be
read.

272

Keep the memory card
inserted in the slot

Memory card change battery
operation in progress.

273

Too many files on device

The maximum number of filesfor
the device (200) has been
exceeded.

274

EEPROM is corrupted and
has been formatted.

Power loss occurred during afile
write operation.
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Warning/Error Message Text Conditions
Code
Language could not be Insufficient memory on the device
275 . )
installed. for language files.
Help file could not be Insufficient memory on the device
276 : )
installed. for language files.
Can't initialize device man- | Device Manager initialization
512
ager fault. (1)
513 Too many devicesinstalled | Device limit exceeded.
768 Default ISR executed An unknown or unserviceable in-
terrupt has occurred. (1)
Software watchdog trig- Software watchdog task has been
769 . ;
gered idle for too long aperiod. (1)
770 Hardwarewatchdog trig- |\ vare error, (1)
gered
771 Out of memory None. (1)
779 Out of memory I nsuff|_C| ent memory for the current
operation.
773 M_emory tracking — Block None. (1)
missing
Memory tracking — Bad ad-
L. dress from mm_malloc() oS
Memory tracking —
UE Memory block corrupted None. (1)
System state transition fail- | A system state transition is unsuc-
776
ure cessful.
| An attempt is made to free up a
777 =ahinnonEbiecial memory block with an invalid ad-
tofree
dress.
T e ey A command is received to set or
778 delete an environment variable
not be set or deleted. : :
which does not exist.
e e The EE areareserved for archiving
779 Pty environment variables has been
bad.
corrupted.
Package functions will not | Package load aborted during pow-
780 :
beinstalled erup.
781 Online memory exceeded Configuration istoo large, or
memory has become fragmented.
782 Package initialization error. | None. (1)
Note(1).  Thereisno condition in the CVIM2 Default System where this error

would be expected to occur. Packages may use the operating system in such away as

to cause this error.
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Warning/Error
Code

Message Text

Conditions

783

Run—time error. System has
been taken off-line.

Toolset <n> has delayed
messages or outputs but no
pulse input.

A message or output signal of the
specified toolset has anonzero
pulse delay, but the tool set has no
Pulse input assigned. The error is
not detected until the message or
output signal is actually generated
in run mode.

Run—time error. System has
been taken off-line.

Part tracking requirements
have exceeded available
memory.

Messages or output signals
accumulate in the tracking queue
until memory is exhausted.

Run—time error. System has
been taken off-line.

Unable to build a message
with an input event.

A message is generated by an in-
terrupt input bit and interrupts
come in faster than the correspond-
ing messages can be built.

Run—time error. System has
been taken off-ine.

Toolset <n> inspection
time exceeded tracking
pulse delay.

A toolset has a delayed output or
message whose pulse delay expires
before the inspection is compl ete.

1024

Can't get results set version
ininspection

A required results set version does
not exist. (1)

1025

Formulainitialization error

Formula manager initialization
fault. (1)

1026

System mode isincorrect
for this request

A command isissued which is not
serviceable under the current sys-
tem mode.

1027

Bad status in buffer manag-
er.

None. (1)

1028

System state isincorrect
for this request

A command isissued which is not
serviceable under the current sys-
tem state.

1029

The tool was modified to
fit.

A tool’s position and/or sizeis
modified to fit a specific source
image.

1030

Thetool failed

Inspection operation failed.

1031

No sourceimage

Source image not available for in-
spection processing.

Note (1).

Thereis no condition in the CVIM2 Default System where this error

would be expected to occur. Packages may use the operating system in such away as

to cause this error.
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A4

Warning/Error

Code Message Text Conditions
The tool's associated reference tool
1032 Thetool reference failed failed, or the registration operation
moved the tool off of the image.
1033 Thetool is outside of the Tool coordinates are outside of the
image image.
Image istoo noisy, or thereisin-
1034 Too many edges sufficient scratch memory to ana-
lyze the current image.
1035 No edge memory Scratch memory sizeisO.
1036 Incorrect tool shape Tool fileis corrupt.
1037 Unknown tool operation Tool fileiscorrupt.
1038 One or more features could | An edge or feature could not be lo-
not be found cated in the current image.
1039 Range failure Insp(_a(;tlon_ to_oI failed the range
specified limit.
Image istoo noisy, or thereisin-
1040 Too many contours sufficient contour memory to ana-
lyze the current image.
Image istoo noisy, or thereisin-
1041 Too many start points sufficient contour memory to ana-
lyze the current image.
Image istoo noisy, or thereisin-
1042 Too many contour points sufficient contour memory to ana-
lyze the current image.
Image istoo noisy, or thereisin-
1043 e gt ST Lot sufficient scratch memory to ana-
memory :
lyze the current image.
1044 Datatype error Tool fileis corrupt.
. . Inspection result is greater than the
1045 High range fail high fail limit,
1046 Low range fail Inspection rgsult islessthan the
low fail limit.
1047 No destination image Inspection tool requires a destina-
tion image.
1048 Bad formula Inyahql tool name, operand, or
string in the formula.
1049 SOl e eS)E)iesctnfled inspection result does not
1050 Division by zero Formula divisor is zero.
Formularesult is an imaginar
1051 Out of domain 2L

number (e.g., = 9).
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Warning/Error
Code

Message Text

Conditions

1052

Formulatoo big

Formula size limit has been ex-
ceeded (128 bytes for Math tool,
64 bytes for Build Ref. toal).

1053

Parentheses mismatch

Incorrect number or sequence of
parenthesesin formula.

1054

Wrong number of parame-
ters

Incorrect number of operators for
the specified formula operand.

1055

A timeout occurred

None. (1)

1056

High range warning

Inspection result is greater than the
high warning limit, but less than
the high fail limit.

1057

Low range warning

Inspection result is less than the
low warning limit, but greater than
thelow fail limit.

1058

Size exceeds buffer length

Tool adjust (tooladj) command is
too long to process.

1059

Binary source image not
supported

Profile tool cannot inspect binary
images.

1280

User name name not found

Specified nameis not in the pass-
word file.

1281

Incorrect password

Specified password is incorrect.

1282

Verification of password
failed

Password entered for verification
does not match previously entered
password.

1283

Invalid user name name
( commas not allowed )

Invalid character in a user name.

1284

Invalid password password
(.commas not allowed )

Invalid character in a password.

1285

Invalid domain name

Invalid domain specification.

1286

Password fileis corrupt —
Deleteit

Password file has been corrupted.

1536

Start of image marker not
found

Invalid JPEG file.

1537

Unsupported compression
type

Unsupported JPEG mode.

1538

End of file found

Invalid JPEG file.

1539

Unknown marker found

Invalid JPEG file.

1540

Bad sample size

Invalid JPEG file.

1541

Bad segment length

Invalid JPEG file.

Note (1).

Thereis no condition in the CVIM2 Default System where this error

would be expected to occur. Packages may use the operating system in such away as

to cause this error.
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A6

Warning/Error Message Text Conditions
Code
1542 Bad number of components [ i 1pEG file.
inascan
1543 Bad spectral start Invalid JPEG file.
1544 Bad restart marker found Invalid JPEG file.
Not enough memory for al- | Insufficient memory for the opera-
1545 . .
location request tion.
1546 Invalid table identifier Invalid JPEG file.
1547 Invalid quantizationtable ||, ;4 JEG file,
precision
1548 |Unexpected DNL marker 1o pEG file,
found
1549 Unexpected marker found | Invalid JPEG file.
1550 File error detected Invalid JPEG file.
1551 Unknown huffmancode 1 -jiq JpEG file,
found
The huffman table speci- . .
1552 et bt Invalid JPEG file.
The quantization table spe- . .
1553 e e e e Invalid JPEG file.
1554 L Rt i a1 Invalid JPEG file.
found
Decoding was aborted due L i
1555 to request for information (I?r(iqu%t s o einlennetion
only Y-
1792 Discrete 1/Oinitialization None. (1)
error
1793 Backplane I/O initialization None. (1)
error
1794 Remote I/O initialization None. (1)
error
1795 Can't start communications None. (1)
task
179 CVIM2 not in module list CVIM2 module not found in the PI
modulelist. (1)
1797 CVIM2 rejected by con- CVIM2 module has been rejected
troller by the rack controller. (1)
1798 Powerup out of phase Rack powerup sequenceis out of
phase. (1)
1799 Bad bit number I(g/alld discrete 1/0O bit specified.
2048 Panel Manager Error None. (1)
Note(1).  Thereisno condition in the CVIM2 Default System where this error

would be expected to occur. Packages may use the operating system in such away as

to cause this error.
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Warning/Error Message Text Conditions
Code
Panel Manager Help Sys- , .
2049 tem Error Invalid help file(s).
Memory alocation error. An ex-
2050 Dialogue Box Manager Er- | pected ‘gadget’ (i.e. selector) can-
ror not be found in thelist of ‘gad-
gets’
An empty string is entered when
2051 name cannot be blank changing the text of a dialogue box
item.
Error initializing the String | A string exception dictionary fileis
2052 i i 5
Dictionary: not valid.
Error initializing the Privi- | A level exception dictionary fileis
2053 - ; .
lege Dictionary: not valid.
i Thereisinsufficient memory to al-
i Cevild loeaeananipane locate a new results/detail panel.
Fea T EE The code in the main flash and that
2560 Lt in the video flash are not from the
sion b
same build.
2816 (VRTX) Error in task Task exists, insufficient memory,
create or insufficient tasks.
2817 (VRTX) Error in task de- None. (1)
lete
2818 (VRTX) Error in task sus- None. (1)
pend
2819 (VRTX) Error in task re- None. (1)
sume
2820 i(:)//RTX) Error in task prior- None. (1)
2821 (V.RTX) Error intask in- None. (1)
quiry
2822 (VRTX) Error in get None. (1)
memory block
2803 (VRTX) Error inrelease None. (1)
memory block
2824 (VRTX) Error in message None. (1)
post
2805 (VRTX) Error in message None. (1)
pend
2826 (VRTX) Erroringettime [None. (1)
2827 (VRTX) Errorinsettime [ None. (1)
2828 (VRTX) Error in delay None. (1)
2829 (VRTX) Error in getc None. (1)
Note (2). Thereis no condition in the CVIM2 Default System where this error

would be expected to occur. Packages may use the operating system in such away as

to cause this error.
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Warrgzg/eError Message Text Conditions
2830 (VRTX) Error in putc None. (1)
2831 (VRTX) Error in waitc None. (1)
2837 O e O (1)
timedlice
2839 f:\r/egtLX) SicAlC TR Insufficient control blocks.
2840 fj\élRetLX) Error in event flag None. (1)
2841 é\éanl'X) Error in event flag None. (1)
2842 (VRTX) Error in event flag None. (1)
post
2843 E;\I/e:rTX) Error in event flag None. (1)
2844 (VRTX) Error in event flag None. (1)
inquiry
2846 (VRTX) Error in queue jam [ None. (1)
2847 (VRTX) Error in queue Insufficient queues or queue ele-
create ments.
2848 (VRTX) Error inlock None. (1)
2849 (VRTX) Error in unlock None. (1)
(VRTX) Error in memory
2 partition create Lones(l)
2851 % R_T_X) Error in memory None. (1)
partition extend
2853 VRTX) Error in message
((accept ) None. (1)
2854 é\éStRTX) Error in queue None. (1)
2855 é\énR(;I'X) Error in queue None. (1)
2856 E:\e/plfTX) Error in queue ac- None. (1)
2857 (VRTX) Error in queue Insufficient queues or queue ele-
Cregte ments.
2858 ((q\ljilj;ll'x) Error in queuein- None. (1)
e é\éiﬁeg;or LRl Insufficient control blocks.
2860 (VRTX) Error in sema-
phore delete el

Note(1).  Thereisno condition in the CVIM2 Default System where this error
would be expected to occur. Packages may use the operating system in such away as
to cause thiserror.

A-8
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Warning/Error Message Text Conditions

Code

2861 (VRTX) Error in sema- None. (1)
phore pend

2862 (VRTX) Error in sema- None. (1)
phore post

2863 (VRT)Q Error insema: None. (1)
phore inquiry

3072 Timed out waiting for trig- [ An external trigger needed by ac-
ger quisition is not present.

e Duplicate name entered MRl g e G £

specification exists during a copy.

3074 Channel acquires 1 field, None (2)
continue?

3075 Mempr.y_allocatlon error, None. (1)

Acquisition Manager.

3076 Online memory alocation | Thereisinsufficient online
error, Acquisition Manager. | memory available.

3077 An acquisition item (camera, cam-
Acquisition item name not | eratype, ...) which had been in the
found. list of active items could not be

found inthelist.

3078 ST An acquisition item expected to be

< found in the active list could not be
found.
found.

3079 Acg. Configuration name [ The acquisition config. file hasa
revision error. revision other than that expected.

. . The acquisition config. file re-

3080 ,;\cq. (,:Onf.' ST OnhA quired for the current configuration

oesn't exist. .
does not exist.
Acg. Configuration name | An error has occurred reading an

3081 e -
read error. acquisition config. file.

3082 Acq. Cpnﬂguratmn Name | an acquisition config. isinvalid.
validation error.

3083 Error lockingontoanex- | The system cannot lock onto an ex-
ternal reference. ternal horizontal reference.

When online and using an external

3084 External reference unlock. | horizontal reference, the reference

becomes unlocked.

3085 Calibration error. A camera cannot be calibrated.

Note (1). There is no condition in the CVIM2 Default System where this error

would be expected to occur. Packages may use the operating system in such away as

to cause this error.
Thereis no reference to this error.

Note (2)
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A-10

Warning/Error Message Text Conditions
Code
The calibration action is selected
3086 OK to calibrate ? before either gage is Picked and
Placed.
: : An acquisition trigger request can’t
3087 Trigger request failed. be processed,
H.Timina parameters will The horizontal scanning mode for
3088 bé und atgdp a cameratype has been toggled
P i double speed <—> normal speed.
V.Timing parameters will the vertical scanning mode for a
3089 bé und atgeg cameratype has been toggled in-
P i terlaced <—> non-interlaced.
3308 e el ASQII protocol command not rec-
ognized.
3329 Too many arguments Incorrect argument list for the
command.
3330 Too few arguments Incorrect argument list for the
command.
3331 Invalid character detected | Bad character.
3332 Last bytein non zero
3333 UART receive queue over- UART error.
flow
3334 UART echo queue over- UART error.
flow
3335 UART receive semaphore UART error.
error
3336 UART transmit semaphore UART error.
error
3337 UART overrun error UART error.
3338 UART parity error UART error.
3339 UART framing error UART error.
3340 UART break received UART error.
3341 Invalid data format None
3342 Invalid block size None
3343 Unknown protocol request | None
3344 Invalid command. None
3345 Message not found None
3346 Message not available None
3347 Message name Signal name | None
3348 Invalid message destination None
format.
3349 Invalid message cell for- None
mat.
3350 Message token out of order. | None
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Warning/Error Message Text Conditions
Code
3351 M essage unknown token None
found.
3352 Message file name un- None
known.
3353 DF1 Command aborted. None
3354 DF1 Communications o
failed.
3355 DF1 Bad packet type. None
3356 DF1 Bad DLE sequence. None
3357 DF1 Invalid packet check- None
sum.
3358 DF1 packet istoo long. None
3359 DF1 Timed out. None
3360 DF1 Input overrun. None
3361 P_anel not found for speci- None
fied name.
3362 Unsupported port id. None
3363 Port specification required. | None
354 | Anunsupportedsection | id nackagefile.
type was found.
The object fileis not for 5 .
3585 the 68020 processor. Invalid packagefile.
. Invalid output device for the
3586 - _seek puitbectipuEile executable package file, or error on
failed. .
the device.
Aninvalid object record . .
3587 N e e s Invalid packagefile.
3588 Thereisinsufficient RAM | Insufficient RAM to perform the
to perform the load. load.
Thereisinsufficient file
3589 space to store the output o LTt el Gell L
packagefile.
code.
3590 Unexpected EOF Invalid packagefile.
The object file contains a
3591 data section. Thisisnot Invalid package file.
supported.
Object file contains an un- . .
3592 known symbol. Invalid packagefile.
3840 No inspections defined. None.
3841 No elements to preview. ]:I'here are no elementsto preview
or amessage.
. i A message is keyed on an inspec-
3842 ][\ilr?gspectl ST L e tion event, but there are no current
' inspection signals.

A-11
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Warning/Error
Code

Message Text

Conditions

3843

File nameistoo long.

A file name entered contained
more than the maximum number of
characters.

3844

Invalid device specified.

A device name entered as part of a
file name specified an unknown
device.

3845

File already exists.

A duplicate file nameis entered,
Configuration Manager.

3846

Error creating file.

A file system error occurs when
creating a default Config or associ-
atedfile.

3847

Error saving configuration.

A file system error occurs while
saving the Config file.

3848

Error adding config. partic-
ipant.

A participant could not be added to
the configuration manager panel.
Memory allocation fault.

3849

File type nameis required.

An attempt is made to save a Con-
fig filewhich is missing arequired
filetype.

3850

Displayed setup has not
been saved. Saveit?

Doneis selected in the Config.
Manager panel and the displayed
setup has not been saved. (2)

3851

File name does not exist.

A Config file is opened which ref-
erences a non—existent file.

3852

A namefileisnot included
in the current configura-
tion.

An attempt is made to edit a con-
figuration whichis not included in
the current Config file.

3853

Pick & Place Error.

Pick & place can't be exited with
the shape having its current posi-
tion and/or size.

3854

Feature istoo large for the
source image.

A feature selected from the image
manager panel istoo large for the
source image on which itisto be
applied.

3855

File already exists. Over-
write?

A name entered viathe image
manager pandl isaduplicate of an
existing file.

3856

Invalid bit specification

Aninvalid Remote I/O bit address
isentered.

3857

Config filerevision error.

A Config file has an incompatible
revision.

3858

You must define an event
for the message before
editing it.

A message was created, but the
Edit key was picked before any
event was assigned to the message.

Note (2)

A-12

Thereis no reference to this error.
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Warning/Error Message Text Conditions
Code
: Morphology processing around a
4096 ;?Zc\f[vlﬂg?\é\;z?rder = window border can create un-
wanted black or white pixels.
An inspection tool database storage
4097 mgttgr;?ugh UL BAICT: requirementsis greater than that
' remaining in the tool set database.
4098 Registration could not be | A registered source image for a
reproduced. tool can't be reproduced.
4099 lllegal tool name. An mvghd nameis entered for an
inspection tool.
: An inspection tool is setup on a
4100 RO slimage e processed image which can't bere-
be reproduced.
produced.
Not enough memory tore- | A tool requires more memory than
4101 ) . . .-
sizethetool. isavailablefor resizing.
The maximum number of tools for
4102 fooimamEioo asingletoolset is exceeded.
) . A duplicate archive namefor a
4103 File already exists. T ey
4104 Tools file not loaded. A tool fllerefer_enced in the Config
file does not exist.
The acquisition and inspection
G2 ifegetnties sesoesed: buffer requirementsistoo great.
4106 File could not be saved. fAENETEOr oS Iien SN iIE
spection toolsfile.
A reference tool which is provid-
4107 ]I:i{)((afe((ejrenced Lot (e ing registration to at least 1 other
’ tool isdeleted.
. Either the Min or Max morphology
4108 I11egal neighborhood. neighborhood is empty.
4109 Toolset not found. None
2110 Pass 1 scalereduced to ac- | A selected feature istoo small for
commodate image size. the current Pass 1 x and/or y scale.
4111 Tool could not be adjusted. | None
o s L L The resolution of a camera has
4112 Bl been modified requiring tool coor-
i dinate verification.
4113 Image file name not found An image file required by atool
9 " | could not be found.

A-13
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Warning/Error Message Text Conditions
Code
. An image file required by atool
4114 QU I T could not be loaded into an image
loaded.
buffer. (1)
A tool whichis providing a condi-
4115 Conditions have beenreset | tion to at least one other tool is de-
leted.
4116 Tool condition has not been
met

Note (1). Thereis no condition in the CVIM2 Default System where this error
would be expected to occur. Packages may use the operating system in such away as
to cause this error.

A-14
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Environment Variables

Table B.1 in this appendix contains alist of environment variables for the
CVIM2 system. The table includes the default, minimum, and maximum
values for each variable, along with a recommended value, in some cases.

Environment variables are case sensitive and must be entered exactly as
shown in the “Name” column of Table B.1 and in the “Usage” examples.
After adding an environment variable to the list in the Environment panel,
you must cycle power, since environment variables are read only during the
system initialization phase immediately following powerup. (Refer to the
Adding Variables section of Chapter 10, page 10-5, for more information.)

NOTE: When an environment variable is not present in the Environment
panel list, adefault valueis assigned to that variable.

Table B.1 Environment Variables

Name Default | Minimum | Maximum Usage

cfg n/a nla n/a Specifies the name of the active configuration
file. THIS VARIABLE SHOULD BE SET US-
ING THE CONFIG MENU UNDER ENVI-
RONMENT OR BY USING THE "sconfig”
COMMUNICATION COMMAND. IT SHOULD
NOT BE MODIFIED!

csize 32K bytes | 2K bytes | 128K bytes | Specifies the amount of memory reserved for
contour processing each toolset. For most
applications, the default size is recom-
mended.

Usage: csize=32768

ctime 500ms 50ms 5000ms [ Specifies the contour processing timeout peri-
od. This is used to instruct the CVIM2 system
to abort contour processing when the image
is excessively noisy. For most applications,
the default value is recommended.

Usage: ctime=500

dio n/a n/a n/a Specifies the number of discrete I/0 connec-
tions. THIS VARIABLE IS SET BY THE DIO
EDITOR. IT SHOULD NOT BE MODIFIED!

DMod Depends n/a n/a Indicates the type of monitor connected to the
on Monitor CVIM2 system. For most applications, the
type CVIM2 module will detect the type of monitor
that is connected and set the value for DMod
Values are:

1-RS-170 (e.g. 2801-N8)

2 - CCIR (Do Not Set!)

3 - VGA (composite sync)

4 - VGA (separate H & V sync)
Usage: DMod=3
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Name Default | Minimum | Maximum Usage

Lang Eng nla n/a Specifies the current language for the CVIM2
menus. THIS VARIABLE SHOULD BE CON-
FIGURED USING THE LANGUAGE MENU
OPTION UNDER ENVIRONMENT. IT

SHOULD NOT BE MODIFIED!
golm 350000 32K bytes | 400K bytes | Specifies the amount of graphics memory
bytes available for configuration. DO NOT USE
WITHOUT CONSULTING AN

ALLEN-BRADLEY REPRESENTATIVE!
Usage: golm=350000

mmol N/A N/A N/A Not used in firmware revision BO3 and higher.
olm 280000 32K bytes | 280K bytes | Specifies the amount of memory available for
bytes contour, configuration and results data. DO

NOT USE WITHOUT CONSULTING AN
ALLEN-BRADLEY REPRESENTATIVE!
Usage: 0lm=280000

norun n/a n/a n/a If present, the CVIM2 system will not auto-
matically enter run-mode after power—up ini-
tialization.
Usage: norun

oldpipe n/a n/a n/a If present, the CVIM2 system may interrupt

image processing to display an image in its
entirety. When not present, the CVIM2 will
interrupt image displays to perform inspec-
tions which may cause the image display to
appear in phases. DO NOT USE WITHOUT
CONSULTING AN ALLEN-BRADLEY REP-

RESENTATIVE!
Usage: oldpipe
porta n/a nla n/a Specifies the configuration of the four serial
portb ports. Ports C and D refer to the System I/0O
portc port. THESE VARIABLES SHOULD BE CON-
portd FIGURED USING THE SERIAL PORT CON-
FIGURATION MENU. THEY SHOULD NOT
BE MODIFIED!
ramdev- 4K bytes 4K bytes | 128K bytes | Specifies the amount of system RAM to re-
size serve for the RM: device. This memory device

is volatile and should not be used for perma-
nent file storage. It is used by some optional
CVIM2 software packages and for temporary
file storage when processing "toolcfg” com-
munication commands. The size should only
be increases when the "toolcfg” command
needs additional space to store temporary
files.

Usage: ramdevsize=4096

Resources n/a n/a nla If present, the Main Menu will contain a menu
option to access the system Resources pan-
el. This includes memory usage, and CPU/
Pipe utilization meter.

Usage: Resources

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Appendix B

Environment Variables

Name

Default

Minimum

Maximum

Usage

rint

16

0

128

Specifies the number of Remote I/O bits that
are examined each time the Remote 1/O net-
work interrupts the CVIM2 module. Increasing
this value will require additional CPU proces-
sing time which may impact the CVIM2 mod-
ule’s ability to process other interrupts and
perform inspections.

Usage: rint=16

ro

nfa

n/a

nla

Specifies the configuration of the Remote 1/0
port. THIS VARIABLE SHOULD BE CONFIG-
URED USING THE REMOTE I/0 PORT
CONFIGURATION MENU. IT SHOULD NOT
BE MODIFIED!

rsize

32K bytes

1K bytes

64K bytes

Specifies the maximum size for the results
data for each toolset. For most applications,
the default size is recommended.

Usage: rsize=32768

g

nla

n/a

n/a

If present, the CVIM2 system will use Graph-
ics memory instead of main memory for parts
tracking operations. This causes the system
to run slightly slower, but it allows more
memory for tracking purposes.

Usage: rtg

ssize

5K bytes

1K bytes

64K bytes

Specifies the amount of memory reserved for
intermediate inspection tool calculations for
each toolset. For most applications, the de-
fault size is recommended.

Usage: ssize=5120

tser

Specifies the number of extra results data to
allocate when the system goes online. DO
NOT USE WITHOUT CONSULTING AN
ALLEN-BRADLEY REPRESENTATIVE!
Usage: tser=0

tsin

Specifies the number of discrete inputs (e.g.
"Toolset 1.In1" allowed per toolset. These in-
puts are typically used for conditional proces-
sing and for evaluation by Math Tools.
Usage: tsin=4

tsize

64K bytes

2K bytes

128K bytes

Specifies the maximum size (memory usage,
not file size) of each toolset. For most ap-
plications, the default size is recommended.
Usage: tsize=65535

tsng

nfa

n/a

nla

If present, the CVIM2 system will not use
Graphics memory to store toolset configura-
tion. DO NOT USE WITHOUT CONSULTING
AN ALLEN-BRADLEY REPRESENTATIVE!
Usage: tsng
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A

Acquisition Configuration, File names, 4-3
Acquisition Editor panel, 2-6, 3-1
Acquisition System Settings panel, 3-2, 3-26

Acquisition systems settings

Bank switch command input, 3-27, 3-31
Bank switch mode, 3-26

Automatic, 3-30

On command, 3-29
Bank switch state output, 3-27, 3-32
Default cameratype, 3-26, 3-27
Horizontal reference source, 3-26, 3-27
Vertical reference source, 3-26, 3-28

Administer function, 12-6-12—7, 12-10-12-11

Archive name
Default, 4-11
Definition, 4-8

Area, 7-36

Areatools
Binary morphology
Black triple point, 8-18
Border, 8-16
Dilation, 8-18
Dilation bottom triangle, 8-18
Erosion, 8-17
Erosion top triangle, 8-18
Identity, 8-17
Inversion, 8-17
Linear erosion 0, 8-18
Linear erosion 180, 8-18
Mode, 8-16
Smoothing, 8-17
Stages, 8-16
White triple point, 8-18
Dynamic thresholding, 8-11
Gray scale morphology
(MAX +MIN)/2, 8-21
Border, 8-20
Function, 8-20
| dentity, 8-21
MAX, 8-21
MAX —MIN, 8-21
Max, Min, 8-20
MIN, 8-21
Mode, 8-20
Morphology, Selection panels, 8-15
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Index

B

Basdline, 441

Binary filter
Definition, 8-1
Gaging tools, 8-3

Binary threshold

Areatools
Definition, 8-1

High threshold, black pixels only, 8-10
High threshold, except black pixels, 8-9

Low threshold, black pixels only, 8-11

Low threshold, except black pixels, 8-9

Gaging tools
Definition, 8-1
High threshold, 8-2
Low threshold, 8-2

Buffers, destination, 4-30

Build reference tool

Configuration examples, 6-67

Theta operation, 6-72

X mode operation, 6-67
Configuration overview, 6-66
Definitions

Absolute, 6-67, 6-71

Build reference tool, 6-64

Delta, 6-67, 6-71
Nominal function example, 6-77
Results for Math tools, 678
Tool edit panel, 6-64

Nominal function, 6-65, 670

Theta Formula, 6-65

Theta Mode operation, 6-65

X Formula, 6-65

X Mode operation, 6-64

Xc Formula, 6-66

Y Formula, 6-65

Y Mode operation, 6-64

Y ¢ Formula, 6-66

C

Cables
Cabling diagram, 1-5
Camera, 1-5, 1-7
1/0, 1-5
Mouse, 1-7
User interface, 1-5, 1-6

Calculator keypad functions, 2-15
Cadlibrate function, 3-3
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Index

Basic steps, 3-16

Image setup, 3-17

Offset selections, 3-22

Pick and place, 3-21
Threshold adjustments, 3-22
Typical applications, 3-16

Cdlibrate panel, 3-19

Calibrate parameters
Calibration modes, 3-18, 3-19
Absolute, 3-19
Computed, 3-19
Dimensions, 3-18
Entering scale value, 3-25
Gage mode, 3-18
Binary, 3-20
Gray scale, 3-20
Gage width, 3-18
Scale, 3-19
Scale computation, 3-23
Units, 3-19, 3-23

Camera setup panel, 3-2

Cameratype

Edit panel, 3-3, 3-33

Parameters
Acg. Center, 3-42
Acq. Lines, 3-38
Acq. Phase, 3-35
Acq. Pixels, 3-34
Acg. Start, 3-38
H.Scan Mode, 3-41
HD Length, 3-42
Int.End, 343
Int.Start, 343
Period, 3-42
Reset/Delay Mode, 3-41
Restore Length, 3-42
Restore Start, 3-42
Total (1/2 Lines), 3-43
Total (Pixels), 3-42
Transfer, 3-42
V.Scan Mode, 341
VD Length, 3-43

Selection, 34

Selection list, 3-3, 3-33

Change password, 12-5
Circularity, 7-36, 7-47

Communication port setup
Enable/disable discrete 1/O, 10-11
Forces, 1012
Outputs, 10-12

Artisan Technology Group - Quality Instrumentation ...

PLC test, 10-12
Remote /O seria port
Datarate, 10-11
Rack address, 10-11
RS-232 serial port, 10-10
ASCII protocol, 10-10
DF1 protocol, 10-10
Keyboard (external), 10-10
Mouse, 10-10

Component list, CVIM2 System, 1-1

Conditional processing
Conditions panel, 7-183
Definition, 7-183
Inputs Inl —In4, 7-183
Invert function, 7-184

Config File panel, 2-3, 4-2

Configuration
Basic phases, 2-2
Basic procedure, 4-9
File names, 2-3, 4-3
Process, 4-2
Toolsets, 24

Configuration Editor panel, 24, 46
Archive name, 47, 4-8
Default, 4-11
Inspection name, 47, 4-8
Default, 4-10
Selection, 4-9
Purpose of, 46

Configuration file
Contents of, 4-3
Creation of, 4-2
Definition of, 2-3
Organization, 4-1

Configuration file selection, 10-2
Configuration parameters, 2—4
Contour Options panel, 7-35, 7-40

D

Destination buffers, 4-28, 4-30
Discrete /O, File names, 4-3

Discrete I/0 assignments, 9-1
Relation to configuration file, 9-3

Discrete I/O Editor panel, 2—7
+/— selections
Input signals, 9-13
Output signals, 9-14
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Force selections
No, 9-14
Off, 9-14
On, 9-14
Functions
+/—, 92
Delay, 9-2
Force, 9-2
In/Out, 9-2
Signal Name, 9-2
Time, 9-2
General information, 9-1
Input selections
Bank switch, 96
Datavalid reset, 96
Input Signals panel, 94
Pulses, 97
Triggers, 94
LED I/O functions, 9-17
Module I/O functions, 94
Output selections
Bank State, 99
Datavalid, 9-10
Datavalid overrun, 9-10
Fail, 9-9, 9-10
Module Ready, 9-9

Output Signals panel, 9-9

Strobe, 9-10

Tool (n).Pass, 9-10

Toolset Edit, 9-9

Trigger ACK, 9-10

Trigger NAK, 9-10
Remote I/O functions, 9-18
System 1/O functions, 9-15
Time selections

Input signals, 9-11

Output signals, 9-12

Discrete I/O parameters, 2—7

Discrete I/O timing data
Missed trigger timing, 9-22

Non—pulsed 1/0O timing, 9-21

Pulsed 1/0O timing, 9-20
Display All (Setup), 4-17
Display All checkbox, 4-29

Display parameters
CameraAngle, 4-17
Display All (Setup), 4-17
Freeze Mode, 4-16
Image display setup, 4-17
Image Panel, 4-19, 4-20
Num Image Panel, 4-17

Index

Pause Time, 4-17
Register (Setup), 4-17
Reject Queue, 4-17
Results setup, 4-18
Scale, 4-18

Start Iconized?, 4-19
Tool Display, 4-18, 4-20

Display setup panel, 4-16
Dynamic mode, 7-28

Dynamic thresholding, 7-170, 7-172, 7-173, 7-174,

7-176

E

Editor menu, 24
Environment menu, 10-1

Environment menu selections
Communication port setup, 10-1
Configuration file, 10-1
Environment variables editor, 101
Go offline, 102
Go onling, 10-2
Language, 10-1
Revision level, 10-1

Environment variables editor, 10-3
Adding variables, 10-5
Archiving variables, 10-7
Editing variables, 104
Restoring archived variables, 10-9

Execute Groups, Results definitions, 4-32

Execute# Groups
Inspection events, 4-33
Math tool formulas, 4-33
Results definitions, 4-32

F

Fail Groups, Results definitions, 4-32

Fail# Groups
I nspection events, 4-33
Math tool formulas, 4-33
Results definitions, 4-33

Feature finder tool
Configuration details
Image name, 7-102
Max. number, 7-102
Nominal function, 7-102, 7-105
Ranges, 7-103, 7-179
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Index

Configuration overview, 7-103
Definitions
Feature finder tool, 7-101
Feature window, 7—101
Search window, 7-101
First pass, 6-34, 6-46
Define mask, 6-35
Ignore pixel errors, 6-35, 643
Masking, 6-35
Max. RMS pixel errors, 6-35, 6-44
Scale To, 6-35, 6-43
Stop when, 6-35, 6-38
X scale, Y scale, 6-35, 640
Image manager panel, 6-30
Results for Math tools, 7-107, 7-135, 7-177
Search window, 6-33
Single and double pass, 6-34
Tool edit panel, 7-101, 7-104
Feature image, 6-30

File menu, 11-1

File menu selections
Devicefiler access, Filer panel
Copy function, 11-3, 11-7
Delete, 11-3
Filetype, 11-2, 114
Filter, 114, 11-5
Name, 11-2
Rename function, 11-3
Size, 112
View function, 11-3, 11-6
XCopy function, 11-3, 11-9, 11-10
Device format function, 11-11
Format warning message, 11-11
Selection, 11-11
Devicelist
EE, 11-6
FL, 11-6
MC, 11-6
RM, 11-6
V1, 11-6
V2,116
Devicerecycle function (V1, V2 only), 11-3, 114,
11-12
Definition of, 11-12
Messages, 11-12
Device selection, 11-6

File names
Acquisition Configuration, 4-3
Configuration, 4-3
Discrete 1/O, 4-3
Message, 4-3

File panel
Device selection, 11-2
Device status, 11-2

Filter field, File panel, 11-4-11-5
Focus function, 3-3, 3-5

Focustrigger
I/O assignment, 3-3
Internal rate selection, 3-3
Source selection, 3-3

Format device, 11-3

G

Gage features, 7-18

Mode, 7-19, 7-20
All edges, 7-20, 7-21
Max B. object, 7-20, 7-22
Max F. object, 7-20, 7-22
Max object, 7-20, 7-21

Offset, 7-19, 7-23

Search direction, 7-19, 7-23

Gage modes, 7-6
Binary mode, 7-6
Gray scale mode, 76

Gage operations, 76

Background objects
Binary mode, 7-9
Gray scale mode, 7-12

Chord angle, 7-17

Edge counting, 7-13

Foreground objects
Binary mode, 7-8
Gray scale mode, 7-10

Linear measure, 7-14

Object counting, 7-8

Pixel counting, 7—7

Theta, 7-16

Wedge angle, 7-16

X position, 7-14

Y position, 7-15

Gage shapes, 7-5
Arc, 7-5
Circle, 7-5
Linear, 7-5

Gage tool
Configuration details, Ranges, 7-179
Configuration overview, 7-5
Operations summary, 7—7
Results for Math tools, 7-24
Tool edit panel, 7-3
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Features, 7-5

Filter, 74

Mode, 7-3, 7-6
Nominal function, 74
Operations, 7-3
Ranges, 7-5

Shape, 7-3, 7-5
Threshold, 74
Width, 74

Gray scale kernel, Definition, 8-1, 8-6

Gray scale kernel and threshold, Adjustment procedures,

8-6
Gray scale threshold, Definition, 8-1, 8-6

H

H Size, 7-36
H Size, L Size, 7-51
Height, 7-36

Horizontal resolution
Full, 34
Half, 34
Selection, 3-3, 34

Image acquisition parameters, 2-6, 3-1
Image display, enable/disable, 4-31

Image Manager panel
Default Device field, 4-41
Definition, 4-40
Full Image configuration, 4-44
Method field, 4-41
Point Xform field, 441
Predictor field, 441
Quantization field, 441
Subimage configuration, 4-42
Subimage field, 4-41

Image tool
Configuration details, Morph passes, 7-97
Definitions, 7-57
Areaof interest (AQI), 761
Direction
Normal, 7-96
Reverse X, 7-96
Reverse XY, 7-96
ReverseY, 7-96

Index

Kernel, 7-91
Lut (lookup table), 7-95
Absolute, 7-95
Clip, 7-95
| dentity, 7-95
Inversion, 7-95
S.Clip, 7-95
S.Threshold, 7-96
Sign, 7-95
Threshold, 7-96
Operations overview, 7-58
Results for Math formulas, 7-99
Template, 7-94
Tool edit panel, 7-59
Direction, 7-60
Fast unwrap, 7-60
Kernel, 7-60
Lut (lookup table), 7-60
Morph passes, 7-60
Operations, 7-60
P&PAQI, 7-60
P& P Dest, 7-60
Shape, 7-60
Template, 7-60
Threshold/Filter, 7-61

Image tool direction, 7-96

Image tool operations
Convolve, 7-58, 762
Avg 3x3, 5x5 kernels, 7-72
Kernel contrast, 7-75
Laplace kernel, 7-66
Sobel X, Y kernels, 7-62
Summary: Kernel contrast values, 7-77
Summary: Kernelsand LUTs, 777
User 3x3, 5x5 kernels, 7-74
X edge, Y edge kernels, 768
XY edge kernels, 7-70
Definitions
S1, 7-79
Sr, 7-79
S2, 7-79
T, 7-79
Image arithmetic, 7-59, 7-79
Addition, 7-83
Subtraction, 7-80
Selection process, 7-61
Transform, 7-58, 7—62
Warning messages, 7-84

Image tool shapes
Arcring, 7-87
Perspective, 7-90
Quad, 7-89
Rectangle, 7-87
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Image/tool display panel
Display functions, 10-14
Resume function, 10-14
Tool adjust function, 10-14

Inertia, 7-36, 7-48

Inspection name
Default, 4-10
Definition, 4-8

I nspection parameters
Overlap Acg/lnsp, 4-12
Rangefailures, 4-12, 4-15
Samples, 4-12
Samples Size, 4-14

I nspection results display panel, 10-17

Faults, 10-18

Name, 10-18

Operation, 10-18

Reference, 10-18

Result, 10-18

Status, 10-18

Time, 10-18

Tool results detail panel, 10-20

Total detail panel, 10-19

Type, 10-18
I nspection setup panel, 4-11
Inspection tool configuration, General procedure, 4-20
Inspection tools

Definition, 7-1

Selection process overview, 7-1

Toolset edit panel, initial state, 7-1
Installation

Cabling diagram, 1-5

Cameracables, 1-5, 1-7

External DC power supply, 1-3

Grounding requirements, 1-2

1/O cables, 1-5

Powerup, 1-8

User interface cables, 1-5, 1-6

K

Keyboard functions, 2-14

L

L Size, 7-36
L Size, H Size, 7-51

Length, 7-36
Light pen operations, 2-9

Light probe
Operation, 3-12
Panel, 3-13
Range limit setup, 3-13
Tool results, 3-14
Tool selection, 3-13

Light probe function, 3-3, 3-11
Light probe tool, Configuration details, Ranges, 7-179

Light reference adjustment, 3-3, 3-6
High setting, 3-8
Low setting, 3-8

List processing, 7-141
Lossless, 4-41, 4-43

M

Masking, 6-34—6-37, 6-47—6-48

Math tool
Configuration details, Formula selections
Bit—oriented logical functions
Bit-AND, 7-128
Bit-NOT, 7-128
Bit-OR, 7-129
Bit—XOR, 7-129
Logical functions
AND, 7-124
Exclusive OR, 7-126
NOT, 7-125
OR, 7-126
Range, 7-127
Test, 7-127
Miscellaneous functions
Absolute value, 7-133
Distance, 7-133
Fraction value, 7-134
Integer value, 7-134
Modulo, 7-133
Square, 7-133
Square root, 7-134
X scale calibration value, 7-134
Y scale calibration value, 7-134
Statistical functions
Average vaue, 7-130
Maximum value, 7-131
Median value, 7-131
Minimum value, 7-131
Mode value, 7-131

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Standard deviation, 7-131
Variance value, 7-131
Trigonometry functions
Arc cosine, 7-121
Arcsine, 7-121
Arc tangent, 7-122
Arc tangent 2, 7-122
Cosing, 7-121
Degrees, 7-123
Radians, 7-123
Sine, 7-120
Tangent, 7-121
Configuration overview, 7-112
Formula entry, 7-113
Basic results, 7-118
Bit-ogical selections, 7-114, 7-127
Expanded results, 7-118
Logical selections, 7-114, 7-124
Miscellaneous selections, 7-114, 7-132
Operator keys, 7-114
Previous selections, 7-114, 7-119
Results selections, 7-113, 7-116
Statistics selections, 7-114, 7-130
Trigonometry selections, 7-114, 7-120
Formula examples
Arc tangent 2, 7-137
Complex inspections, 7-142
Distance, 7-138
List processing, 7-141
Multiple windows, 7-139
List processing, 7-141
Tool edit pandl, 7-111
Formula access, 7-112
Loops, 7-112
Nominal function, 7-112
Operations, 7-111
Ranges, 7-112
Values, 7-112

Max Radius, 7-36

Max Results function, 7—41
Message, File names, 4-3

Min Radius, 7-36

Monitor only, enable/disable, 4-31
Morphology, definition, 8-1, 8-13

Mouse
Buttons, 1-11, 2-11
Configuration, 1-10
Operation check, 1-11
Tested pointing devices, 1-10

Index

Mouse operations, 2—9

Multiple Gages tool
Configuration overview, 7-189
Gage features, 7-193
Gage Label function, 7-192
Results for Math tools, 7-194
Sub-Gage operations, 7-190
Threshold functions, 7-191
Tool edit pandl, 7-187

Direction, 7-188
Features, 7-189
Gage Label, 7-188
Operations, 7-187
Ranges, 7-189
Results, 7-188
Sub-Gages results, 7-188
Thresholds, 7-188
Width, Kernel, 7-188
Width and Kernel functions, 7-190

Multiple Windows tool
Configuration overview, 7-198
Label function, 7200
Results for Math tools, 7-200
Sub-Windows operations, 7-198
Threshold/Filter functions, 7-199
Tool edit panel, 7-196

Operations, 7-196
Ranges, 7-197
Threshold/filter, 7-196

N

Nearest Neighbor, 6-35, 643
Neighborhood Average, 6-35, 6-43

O

Online operation, 2-5, 2-8

Online operations, 10-13
Image/tool display panel, 10-14

Options selection pandl, 4-31
Overlap Acg/Insp, 4-12

P

Pass Groups, Results definitions, 4-32
Passt# Groups
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Index

Inspection events, 4-33
Math tool formulas, 4-33
Results definitions, 4-33

Perimeter, 7-36

Pick and place function

Arc gages, 5-3

Arc ring windows, 5-17

Circular windows, 5-14

Elliptical windows, 5-11

Light probe, 5-29

Linear gages, 5-2

Polygon windows, 5-22
Add vertex mode, 5-25
Delete vertex mode, 5-27
Move vertex mode, 5-23

Rectangular windows, 5-8

Reference lines, 5-3

Pick and place terms
Drag, 5-1
Pick, 5-1
Pick and place points, 5-1
Place, 5-1
Vernier arrows, 5-1

Point Transform, 441

Power supply, External +24VDC
Installation, 1-3
When needed, 1-3, 3-29, 3-45

Powerup, CVIM2 system
Monitor screen, 1-9, 2-1
Procedure, 1-8

Predictor, 441

Profile tool
Configuration overview, 7-155
Definition, 7-147
Background object, 7-159
Foreground object, 7-159

Profile display graphic, 7-149

Profile image, 7-149

Profile window graphic, 7-149

Threshold graphic, 7-149

Direction, 7-148, 7-151, 7-153, 7-162

Feature functions, 7-148

Feature selection functions, 7-164

Direction, 7-165, 7-168
Method, 7-165, 7-169
Mode, 7-165
All Edges, 7-165, 7-166
BG border, 7-166, 7-167
FG border, 7-166

Max BG object, 7-166, 7-167
Max FG object, 7-166, 7-167
Max object, 7-166, 7-167
Middle BG object, 7-166, 7-168
Middle FG object, 7-166, 7-167
Offset, 7-165, 7-168
Filter 1, 7-148, 7-162
Filter 2, 7-148, 7-162
Filter functions
Closing, 7-163
Dilation, 7-163
Erosion, 7-163
Gradient, 7-163
Hat, 7-163
Opening, 7-163
Smoothing, 7-163
Well, 7-163
Mode selection, 7-170, 7-171
Fixed mode, 7-171
Max—Offset mode, 7-176
Min+%Diff High mode, 7-172
Min+%Diff Low mode, 7-173
Min+Offset mode, 7-174
Morphology filter selection, 7-177
Nominal function, 7-148
Operations, 7-148, 7-155
BG objects, 7-156, 7-159
Distance, 7-156, 7-157
Edges, 7-156, 7-160
FG objects, 7-156, 7-159
Position, 7-156
Profile display graphic, 7-151
Profile window graphic, 7-151
Range selection, 7-148
Threshold adjustments, 7-170
Slide bar, 7-170
Threshold function, 7-148
Threshold graphic, 7-154
Tool edit pandl, 7-147
Tool graphics
Profile, 7-149
Profile window, 7-149
Threshold, 7-149

Q

Quantization, 4-41

R

Reference linetool, 6-1
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Configuration details, 6-10
Configuration overview, 6-2
Nominal function, 6-22
Operations, 6-3

Summary, 64

X Only, 64

X ThenY, 6-6

X" X ThenY, 6-8

Y Only, 6-5

Y Then X, 67

Y'Y Then X, 6-9
Results for Math tools, 6-25
Tool edit panel

Nominal, 6-1

Operation, 6-1

Refline buttons, 6-1, 6-2

Reference tools
Definition, 6-1
Position in tool set, 6-1

Reference window tool, 6-26
Configuration details, 6-29
Configuration overview, 6-28
Definitions

Feature window, 6-27

Reference window tool, 6-26

Search window, 6-27
First pass, 6-34, 6-46

Define mask, 6-35

Ignore pixel errors, 6-35, 643

Masking, 6-35

Max. RMS pixel errors, 6-35, 6-44

Scale To, 6-35, 6-43

Stop when, 6-35, 6-38

X scale, Y scale, 6-35, 6-40
Image manager panel, 6-30
Nomina function, 6-48
Results for Math tools, 6-50
Search window, 6-33
Single and double pass, 6-34
Tool edit panel, 6-27

Active feature, 6-28, 6-30

Feature image, 6-28, 6-30

Nominal function, 6-28

Pass 1, Pass 2, 6-28

Passes, 6-28

Refline panels
Feature button, 6-11
Feature mode, 6-14, 6-15
All edges, 6-15, 6-16
Max B. object, 6-15, 6-19

Index

Max F. object, 6-15, 6-17

Max object, 6-15, 6-16
Feature offset, 6-14, 6-22
Feature search direction, 6-14, 620
Feature selection, 6-14
Filter field, 6-11
Filter function, 6-12
Modefield, 6-10
Mode selection

Binary mode, 6-11

Gray scale mode, 6-11
Pick and place button, 6-11
Pick and place function, 6-13
Shapefield, 6-10
Shape selection, 6-11
Threshold button, 6-11
Threshold function, 6-13
Width field, 6-11
Width selection, 6-12

Register (Setup), 4-17
Register checkbox, 4-29

Reject modes
Display all, 10-16
Freeze on first regjects, 10-16
Freeze on last rejects, 10-16
Pause on reject, 10-16
Reject queue size, 10-17
Rejects held, 10-17
Resume function, 10-17

Results display, enable/disable, 4-31
Revision level, display, 10-2

Rotation finder tool, 6-52
Configuration example, 6-54
Configuration overview, 6-54
Definitions

Destination window, 6-52

Feature image, 6-52

Feature window, 6-52

Source window, 6-52
Feature L ocations panel, 6-60
Image manager panel, 6-30, 6-57
Results for Math tools, 6-62
Single and double pass, 6-34, 6-59
Tool edit panel, 6-52

Feature image, 6-52

Filter function, 6-53

Nominal function, 6-52, 6-60

Pass 1, Pass 2, 6-53

Passes, 6-52

Roundness, 7-36, 7-45
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Index

S

Scale To, 6-35, 643
Screen pointers, 2-9

Security card
Useof, 12-14
When needed, 12-14

Security menu
Initial appearance, 121
Security levels
Level 8,12-1
Initial setup, 12-3
Requirement for access, 122
Levels1-7,12-1

Security menu selections
Administer, 12-6
Add/modify user, 12-8
Add new user, 12-8
Modify existing user, 12-9
Administer function, 12-10
Change access privilege levels, 12-13
Changetext: Button field, 12-11
Changetext: Menufield, 12-11
Delete user, 12-9
View password file, 126
Change password, 12-5

Shutter speed selection, 3-3, 3-5
Static mode, 7-28

Statistics, enable/disable, 4-31
Stop When, 7-105-7-106

Strobe output
I/0 assignment (focus only), 3-3
I/O assignment (setup/online), 3-45, 3-46

Subimage, 4-40-4-44, 7-94

T

Theta, 7-36, 7-48

Theta Minor, 7-36, 7-50

Tool Edit panel, 426

Tool group selection, 4-31, 4-32
Tool Register function, 4-35, 6-79
Tool Types menu, 4-25

Toolset Edit panel

Condition field, 4-27
Dest field, 4-28
Display function, 4-29
Initial state, 4-24
Namefield, 4-27
Num field, 4-27

Ref. field, 4-28
Register function, 4-29
Slfield, 4-28

S2 field, 4-28

Tool bytesfield, 4-30
Toolsfield, 4-30
Typefield, 4-27

Toolset save, alternate method, 4-34

Toolset Trigger panel, 3-44
ACK output assignment, 3-45
Camera selection, 3-44
Interna rate selection, 3-44
NAK output assignment, 3-45
Strobe output assignment, 3-45
Trigger input assignment, 3-45
Trigger input source selection, 3-44
Auto/internal, 3-46
External (1/0), 3-46

Total detail panel
Faults, 10-19
Inspection, 10-19
Interval, 10-19
Missed triggers, 10-19
Rate, 10-19
Time, 10-19
Trigger input
I/0 assignment (focus only), 3-3
1/O assignment (setup/online), 3-45
Source selection (focus only), 3-3
Source selection (setup/online), 3-44

V

Vernier arrows, Definition, 5-1

Vertical resolution
Fields
1, First, 34
1, Same, 34
2,34
Selection, 3-3, 34
View password file, 12—6-12—-7, 12-14-12-15

Voltage selection, DC power, 1-2

W

Window operations, 7—32
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Contour counting, 7-34 Window tool
Object definitions, 7—34 Configuration details, Ranges, 7-179
Contour measurement functions Configuration overview, 7-29
Circularity, 747 Operations summary, 7-32
H Size, L Size, 7-51 Results for Math tools, 7-55
Inertia, 748 Tool edit panel, 7-27
Roundness, 7-45 Fast unwrap, 7-28
Theta, 748 Mask mode, 7-28
Theta Minor, 7-50 Mask shape, 7-28
Contour Options panel, 7-40 Nominal function, 7-28
Border, 7-40 Operations, 7-27
Holes, 741 Ranges, 7-28
Max results, 741 Target, 7-28
Nearest Neighbor panel, 7-41 Threshold/filter, 7-28
Luminance, 7-52 Two pass, 7-28
Pick Target panel, 743 Window shape, 7-28, 7-29
Pixel counting, 7-32 Two Pass function, 7-53

Target panel, 7-35
Contour measurement fields, 7-35, 7-36

Options button, 7-35 X
Pick target button, 7-35
Window shapes, 7-29 X Center, 7-36
Arcring, 7-30
Circle, 7-29
Ellipse, 7-30 Y
Polygon, 7-30
Rectangle, 7-29 Y Center, 7-36
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N Roclewell Automation Rockwell Automation helps its customers receive a superior return on their investment by bringing
together leading brands in industrial automation, creating a broad spectrum of easy-to-integrate
products. These are supported by local technical resources available worldwide, a global network
of system solutions providers, and the advanced technology resources of Rockwell.

Worldwide representation.

Argentina e Australia e Austria e Bahrain e Belgium e Bolivia e Brazil e Bulgaria e Canada  Chile e China, People’s Republic of e Colombia e Costa Rica  Croatia e Cyprus
Czech Republic « Denmark e Dominican Republic e Ecuador e Egypt e El Salvador  Finland e France  Germany e Ghana e Greece e Guatemala e Honduras  Hong Kong
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The Netherlands  New Zealand e Nigeria « Norway e Oman e Pakistan « Panama e Peru e Philippines e Poland e Portugal e Puerto Rico e Qatar e Romania e Russia e Saudi

Arabia e Singapore  Slovakia e Slovenia  South Africa, Republic of e Spain e Sweden e Switzerland e Taiwan e Thailand e Trinidad e Tunisia e Turkey e United Arab Emirates
United Kingdom e United States e Uruguay e Venezuela

Rockwell Automation Headquarters, 1201 South Second Street, Milwaukee, W1 53204-2496 USA, Tel: (1) 414 382-2000 Fax: (1) 414 382-4444
Rockwell Automation European Headquarters, Avenue Hermann Debroux, 46, 1160 Brussels, Belgium, Tel: (32) 2 663 06 00, Fax: (32) 2 663 06 40

Rockwell Automation Asia Pacific Headquarters, 27/F Citicorp Centre, 18 Whitfield Road, Causeway Bay, Hong Kong, Tel: (852) 2887 4788, Fax: (852) 2508 1846
World Wide Web: http://www.ab.com
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Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




