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CHAPTER 4
THEORY OF OPERATION

The PCVISIONplus Frame Grabber is plug—compatible with the IBM Personal
Computer (PC). Itis the heart of a digital image processing system. As described
in Chapter 1, the PCVISIONp/us Frame Grabber digitizes an analog video signal,
stores the digitized data, and converts the stored image back to an analog format
for display on an external video monitor.

This chapter describes the basic functional areas of of the PCVISIONplus Frame
Grabber (as shown in Figure 4—1). These basic blocks are:

e Video input interface

e Frame memory

e Display interface

e Host interface

In addition, this chapter contains information on using look —up tables for point
processing, true color image processing, and operation of the board at the CCIR
50 Hz standard.
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PCVISIONplus® HARDWARE REFERENCE THEORY OF OPERATION

4.1 VIDEO INPUT INTERFACE

The video input interface performs timing, synchronization, signal conditioning,
digitization, and pixel transformation.

4.1.1 System Timing

Two timing options are available for synchronizing the video source and the
PCVISIONplus Frame Grabber. The first option, called crystal mode, allows the
Frame Grabber to generate all system timing internally, based on an internal
crystal oscillator. In this mode, the video source synchronizes to the timing sig-
nals provided by the PCVISIONp/us Frame Grabber. The second synchroniza-
tion option, called phase ~locked loop (PLL) mode, extracts the synchronization
information from the video signal by a syncstripper. The output of the sync strip-
per is then passed to a PLL. This process is illustrated in Figure 4—2. The PLL
locks the internal timing of the PCVISIONplus Frame Grabber to noisy video
sources , such as video cassette recorders. If the video signal is lost, the PCVI-
SIONplus switches timing automatically to crystal mode to avoid the loss of any
image data.

Internal
. Horizontal
Composite SYNC Sync ——>~
Video ___.] STRIPPER >
MOB Horizontal
ameia Timing

Figure 4-2. Locking to an External Video Source

Use of the PLL or Crystal mode is determined by the CLOCK bit in the Acquire/
Status register. A detailed discussion of how to configure the PCVISIONplus
Frame Grabber for different synchronization modes is found in Chapter 2.

4.1.2 Signal Conditioning

The PCVISIONp/us Frame Grabber conditions the analog signal, to ensure that
picture quality is maintained at all times, using a process known as DC restora-

4-3
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GAIN —{F.S.V
.67 10 1.33 3to6V

45V % o oc Hv

OFFSET
—5.38t0 +1.68V

Video
Input

714V

Figure 4—4. Signal Conditioning

The gain counter adjusts the ADC full —scale voltage from 3 to 6 Volts. The mini-
mum gain of .67 corresponds to counter position 99 or ADC full —scale 6 Volts.
The maximum gain of 1.33 corresponds to counter position 0 or ADC full—scale
3 Volts.

The offset counter adjusts the added offset after the 6.3 gain amplifier from
—5.38 to +1.68 Volts. The offset is —5.38 Volts at counter position 0. The offset is
+1.68 at counter position 9. Dividing these voltage values by 6.3 gives the offset
adjustment range of —0.854 to +0.266 Volts at the video input.

4.1.4 Digitization

Digitization is the process that converts the analog video signal into a series of
digital values or pixels. This is performed by sampling the analog signal at dis-
crete time intervals and converting each individual sample to a digital value. The
10 MHz PCVISIONplus Frame Grabber samples the analog signal 10 million
times per second. This results in 512 pixels for each horizontal line in the image.
The 12.5 MHz version samples at 12.5 million times per second, resulting in 640
pixelsperline. The RS—170/330 standard specifies 480 lines of digitized informa-
tion per frame. The CCIR standard uses 512 lines per frame.

The digitization process is accomplished with an analog—to—digital converter.
The PCVISIONplus Frame Grabber digitizes to an accuracy of eight bits per pix-
el or 256 gray levels.
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PCVISIONp/us® HARDWARE REFERENCE =~ THEORY OF OPERATION

plane protects the bit or bits of all pixels in frame memory on a specific bit— plane.
The Host Mask and Video Acquisition Mask Registers are described in greater
detail in Chapter 5.

4.2.3 Pan and Scroll

The portion of frame memory being acquired and displayed is referred to as the
Active Video Window (AVW). The Pan and Scroll registers define the position of
the top left—most pixel of the AVW. This top left—most pixel is referred to as the
AVW address because it is the first pixel scanned from the memory and displayed
on the monitor. The Pan register controls the horizontal position, and the Scroll
register controls the vertical position of the AVW. The active video window is
moved around in frame memory, resulting in the image moving around on the
display monitor.

When using the 10 MHz rate board, the pan value is used to position the AVW to
the second half of frame memory to acquire and display a second image. The res-
olution of the Pan register is eight pixels. Every increment of the Pan Register
moves the AVW horizontally eight pixel positions. The resolution of the Scroll
register is two lines. Every increment of this register moves the AVW vertically
two line positions.

4.2.4 Zoom

The PCVISIONplus Frame Grabber can enlarge “zoom” an area of frame
memory by afactor of two. Zooming an image by a factor of two means that a 256
by 240 pixel area of the frame memory is expanded to fill a 512 by 480 display area
on the monitor. To produce a zoom factor of two, each pixel and each line read
from the frame memory is replicated twice upon display.

Zoom also affects video acquisition. In zoom mode every other pixel from the
A—to—D Converter is stored in sequential horizontal frame memory locations.
Everyline ofthe even field in the video signal is stored in sequential lines of frame
memory. The odd frame is not recorded. An RS—170/330 image sampled at 10
MHz only occupies 256 pixels by 240 lines in frame memory. The frame memory
can store eight images of this type. The Pan and Scroll registers determine the
position the individual images in frame memory.
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PCVISIONp/us® HARDWARE REFERENCE THEORY OF OPERATION

transformation of the pixels occurs. If the LUT is programmed for binary thresh-
olding as shown in Figure 4—7, the image displayed on the monitor has only two
intensities, 0 and 256 (black and white on a monochrome display). The existence
of eight LUTs per channel allows you to load each table with different transfor-
mation data and quickly switch between them. It is not necessary to re—load or
reprogram the LUTs each time you want to change the transformation per-
formed.

L R

Output
Values

Input Values 255

Figure 4-6. LUT Programmed for a Ramp

55— 1T— 1~ i

Output
Values

|
|
|
|
|
|
!
|
|
|

o
Input Values '255

Figure 4-7. LUT Programmed for a Threshold
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PCVISIONplus® HARDWARE REFERENCE THEORY OF OPERATION

For example, to display all pixel intensities from 20 (decimal) to 30 as white, and
all other intensities as black, program a LUT with a step function, as shown in
Figure 4-7.

4.4.2 LUT Programming Example

The following example describes how to initialize blue output LUT 1 for a ramp
function. Figure 4—8 is a flow chart of these procedures.

1. In the LUT Control register, select the blue LUT bank by setting
LUTMOD(1-0) to 10B.

Select the second blue LUT by setting OLUT(2—0) to 001B.

Define an integer variable X (for use as a counter) and initialize it to 0.
Load X into the look—up table Address register.

Load X into the Look—Up Table Data register.

Increment the counter (X).

Repeat steps 4, 5, and 6 until X = 255, then exit.

Nouoswp
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4.4.3 Frame Memory Interface

The 1024 by 512 by 8—bit frame memory is divided into eight equally sized blocks,
64K bytes each. Using the Memory Block Select bits (BLOCK) in the Control
register, each of the eight blocks are individually selected for access in the
memory address space of the PC starting at the memory base address. Frame
memory is enabled onto the PCbus by a Board Select (BDSEL) bit in the Control
register. To enable the frame memory, BDSEL must be set (1). This allows map-
ping of more than one PCVISIONplus Frame Grabber to the same 64K byte
block in the memory space of the PC, thereby reducing the amount of host
memory space needed in full color systems. All Frame Grabbers can have the
same memory base address, as long as only one is enabled at any given time.

Chapter 2 describes how to change the mapping configuration which is hardwa-
re—selectable and independent of the sampling rate. The 10MHz board, capable
of storing two images, is shipped from the factory with the dual—store frame
memory configuration shown in Figure 4—9. Each block is 512 pixels wide and
128lines deep. To the host it appears as 64K consecutive data bytesstarting at the
memory base address. The 12.5MHz board, capable of storing one image, is
shipped from the factory with the single—store frame memory configuration
shown in Figure 4—10. Each block is 1024 pixels wide and 64 lines deep. To the
host it appears as 64K consecutive data bytes starting at the memory base ad-
dress.
NOTE

Some ITEX™ functions are affected by the memory

configuration. The dual—store configuration makes

save, restore, and single—image operations faster.

ITEX Geometric functions like “warp” and

“copy_area” require a single —store memory configura-

tion.
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4.4.4 The Pixel Buffer

Standard frame memory architectures are dual—ported to allow the scanning
logic to refresh and display sequential pixels at video rates. At the same time, the
host needs access the frame memory under the control of the application pro-
gram. If the host tries to access the memory during the scan cycle, contention
arises. Typically this contention is resolved by forcing the host to wait for the scan
cycle to end before it accesses the memory. It must, in effect, “wait its turn.” To
eliminate these wait states, Imaging Technology has developed a frame memory
architecture that includes the Pixel Buffer and related mechanisms to speed up
host access to pixel data.

The Pixel Buffer is a storage register that buffers eight 8—bit pixels. All data
transferred to or from frame memory passes through the Pixel Buffer. Access to
the Pixel Buffer is provided via the Pixel Buffer Register. The Pixel Buffer con-
tents are loaded from or written to frame memory by executing a single host
memory access cycle.

Every memory read cycle loads the addressed pixel into the Pixel Buffer, along
with the next seven consecutive pixels in frame memory. Therefore, frame
memory is read only once to fill the Pixel Buffer. The Pixel Buffer is read eight
times. This reduces the potential number of wait states due to frame memory ac-
cesses from eight to one. The Pixel Buffer can be viewed as a “pixel cache.”

It is important to keep memory access on eight pixel boundaries. In other words,
the first pixel addressed or accessed must be zero or a multiple of eight. If this rule
is not followed, the Pixel Buffer will wrap within an eight —pixel boundary, and
scramble the data read or written.

NOTE
Empty the Pixel Buffer after every host access. Failure
to do so can result in wrong data the next time the host
transfers data.
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PCVISIONp/us® HARDWARE REFERENCE THEORY OF OPERATION
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Figure 4—11. Frame Memory Access Modes
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PCVISIONplus® HARDWARE REFERENCE =~ THEORY OF OPERATION

4.4.8.1 Reading the Pixel Buffer in Z—Mode

In Z—-Mode, the Pixel Buffer is a FIFO stack. Every I/O read cycle of the Pixel
Buffer Register produces the next pixel in the Pixel Buffer up to the eighth pixel.
The first access reads Pixel 1, the second access reads Pixel 2, and so on until all
eight pixels have been read. Figure 4—12 shows the Pixel Buffer, and the first
read access of the Pixel Buffer Register.

Pixel Buffer
0 Bit—planes

Pixel 0 [ho[go | f0 0| do] co] bo| a0 |
Pixel 1 E_E_iﬁ_a;z‘z_mﬂ
Pixel 2 @m_@m_m_%_%_%‘cm_mm_
Pixel 3 Fm_ow_a*mw_%_om_uw_ﬂ
Pixel 4 Ti@iK_mb_%_op_i_mi
Pixel 5 Ta_@m_a_mm_%_om?m_wﬂ
Pixel 6 E_@m_imm_aiom_%_m&
Pixel 7 _3_@1m_ml%_olz_%_

Pixel Buffer Register
Bit 7 0

To_ @o_ aTo_ %‘ 8‘ ao_mo_

Register Base Address + B

Figure 4—12. Reading the Pixel Buffer in Z—Mode
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PCVISIONp/us® HARDWARE REFERENCE ~ THEORY OF OPERATION

4.4.9 Loading the Pixel Buffer

The Pixel Buffer is loaded with the desired pixels using either X—Mode or
Z~-mode. The mode selected has a very important effect on the Pixel Buffer data.

4.4.9.1 Loading the Pixel Buffer in Z—Mode

In Z—-Mode, the Pixel Buffer is a FIFO with an internal counter, called the Pixel
Counter. Aframe memory write operation resets the Pixel Counter to one. Every
/O write cycle to the Pixel Buffer Register pushes the new pixel on the top of Pix-
el Buffer and increments the counter. If more than eight pixels are written to the
Pixel Buffer Register, the oldest data is lost from the “bottom” of the Pixel
Buffer, the Pixel Counter remains at eight, and will not wrap around. Figure
4—14 showsthe Pixel Buffer Register writing a fourth pixel onto the Pixel Buffer.

The Pixel Counter is only used during Z—mode write operations. This includes
writing to the Pixel Buffer Register, and writing to frame memory using the Pixel
Buffer.

4.4.9.2 Loading the Pixel Buffer in X—Mode

In X —Mode, the Pixel Buffer is “flooded” when a single byte is written to the Pix-
el Buffer Register. This means that all eight bit planes are loaded with the same
pattern by a single write cycle. This is useful when filling large areas of frame
memory with repetitive patterns or modifying specific bit planes in frame mem-
ory. Figure 4—15 shows the Pixel Buffer after a single write to the Pixel Buffer
Register.
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PCVISIONplus® HARDWARE REFERENCE THEORY OF OPERATION

. Pixel Buffer 0 Bit—planes

Pixel 0 T_
Pixel 1 _’U_
Pixel 2 F_
Pixel 3 F_
Pixel 4 _ e |
Pixel 5 T _
Pixel 6 E_

Pixel 7 * h _

o]

(o2 | I V]

ala
b|b

o

o]
]

(o]
Q
(o]

Q

—

«Q

=

|
_
|
Q_a
|
|
|
|

®
(]
L |

[2]a]
[ b[o]
[cle]
[9]4d]
_ e e _ e
[ 7]
|o]9]
[n]n]

Pixel Buffer Register
Bit 7 0

Pl o T e[d] e[ o]

Register Base Address + 6

Figure 4—15. Loading the Pixel Buffer in X—Mode

4.4.10 Memory Write Cycles

Memory write cycles conditionally transfer the contents of the Pixel Buffer to
frame memory. This implies that the Pixel Buffer already contains pixels that you
wish to store in frame memory. The mechanism of this transfer is dependent on:

1 The mode selected (X—Mode or Z—Mode).

2 The state of the PBEN bit (in the Memory Access Control register).
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PCVISIONpIus® HARDWARE REFERENCE THEORY OF OPERATION

4.4.10.3 Memory Write Cycles in X—Mode

InX—Mode, the entire Pixel Buffer is transferred to frame memory. The counter
has no effect. If you wish to write — protect bit planes, use the Host Mask re gister.
This mode is useful in fill operations or any operation that requires modification
of a neighborhood of pixels. PBEN has no effect in this case.

4.4.11 Block Moves

The pixel buffer moves blocks of frame memory data from one address to an-
other without transferring any data to the host computer. For each block of eight
pixels, the host computer performs a read from one memory address that loads
eight consecutive (8—bit) pixels into the pixel buffer. By performing a sin gle Z—
mode memory write from the host computer, the same eight pixels transfer to
frame memory at a second specified memory address. The length of the data
block ranges from one to eight pixels, as specified by the pixel counter. Data can-
not be read or written across an eight—pixel boundary. Attempting to cross an
eight—pixelboundary causes the data written to wrap around within the bound-
ary, resulting in a scrambled image.

'To move blocks that contain N bytes where N is less than eight:

1 Enable Z—Mode.

Set PBEN.

Write to frame memory (resets the Pixel Counter to 1.)

Write to the Pixel Buffer Register N—1 times (sets Pixel Counter to N.)
Clear PBEN.

Read memory (transfers eight pixels to the Pixel Buffer.)

NS ks v

Write to memory (transfers N pixels to memory.)

Using a variation of the block move function, a sub—area (area—of—interest) of
frame memory can be set to a particular pattern. This is done by loading the Pixel
Buffer with the desired pattern, protecting the Pixel Buffer, and then continu-
ously executing frame memory writes to transfer the contents of the Pixel Buffer
into frame memory. Patterns can be generated using either X—Mode or Z—

4-25
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PCVISIONpIus® HARDWARE REFERENCE THEORY OF OPERATION

4.5 TRUE COLOR IMAGE PROCESSING

Three PCVISIONplus Frame Grabbers can perform true color image processing.
In this configuration, each module receives and digitizes one of the three video
signals from an RGB video source.

The three PCVISIONplus Frame Grabbers are linked via a ten—conductor rib-
bon cable that connects to ports on the top of the modules. One of the modules is
configured as the master and the other two are configured as slaves. The master
generates the system timing for all three PCVISIONplus Frame Grabbers in the
system.

When multiple PCVISIONplus Frame Grabbers are installed, the register base
address for each must be unique in the I/O space of the PC. If desired, the frame
memory for each module can be mapped into the same 64K byte block in the
memory space of the PC, by using the same memory base address on all three.
Use the board select (BDSEL) bit in the Control register to enable only one
frame memory into the 64K byte block at any one time.
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