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4.2.4 Out-of-Service Testing of DS1 Embedded in DS3: M13 Demultiplexer Testing

{Tx31->ﬂx1] mode (Fig 4-6), is used for DS1 testing when the test object requires the DS1 test
signal be already embedded in DS3, but the returning test signal is at D31 line rate. In this case
the system under test may be an M13 demux, or simply perform that function.

1. - Connect the PF-45 DS1 receive jack [14] to the monitor jack of the outgoing DS1 at the
DSX cross-connect panel with the appropriate cable, as shown in Figure 4-6.

2. - Press the [Tx/Rx] SETUP key repeatedly until the "Set New Mode" Page is displayed.
- Press key [C] until ‘Tx31->Rx1‘ is in the lower left display quadrant as shown below.
- *Execute” the mode change by pressing key [D] once.

SET NEW MODE (Set New Mode Page)
Tx31->Rx1  EXECUTE
3. - Press the [Tx/Rx] SETUP key once again, bringing up the "DS3 Setup Page".

- Press key [A] until Tx3:DSX is displayed as shown below.
- Press key [C] until the desired DS3 frame format is selected.

Tx3:D5X Rx3:N/A (D53 Setup Page)
Frm3:M13  CLKK3:N/A
4. - Press the [Tx/Rx] SETUP key once again, bringing up the *DS1 Setup Page”.

- Press key [B} until Rx1:Term is displayed as shown below.

- Press key [D] until Clk1:int is displayed as shown below.

- Press key [A] to select the DS1 line code.

- Press key [C] until the desired DS1 frame format is selected.

Code:AMI Rx1:Term| (DS1 Setup Page)
Frol:ESF Clki:int
5. - Press the [T/Rx] SETUP key once again, to bring up the *Pattern® Page.

- Press key JA] until the QRSS20 pattern is displayed..

Ptn:ORSS20

(Pattern Select Page)

88

PF-45 Description and Operating Manual

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




6. - Press the [AUX/TIME] SETUP key until the *Test Duration* Page is displayed as shown
below.
- If a continuous measurement run is desired, press key [B] to bring up "CONT". Skip the
rest of step 6.
- If a timed measurement run (say, 15 minutes) is desired, press key [B] to bring up
“TIMED",
- Press key [C] once. The four *Hours® digits blink along with the Data Entry LED. Set the
hours to 0000 with the Data Entry keys.
- Press key [C] a second time. The two "Minutes® digits blink along with the Data Entry LED.
Set the minutes to 15 with the Data Entry keys.
- Press key [C] a third time. The two *Seconds" digits blink along with the Data Entry LED.
Set the seconds to 00 with the Data Entry keys.
- Press key [C] a fourth time. This completes the Test Duration setup.

Test Duration: TIMED| (Test Duration Page)
H:0000/M:15/5:00

rél - If an automatic Summary print at the end of the measurement run is not desired, then skip
step 7, otherwise continue.
- Press the [AUX/TIME] SETUP key to bring up the 'Printer* Page.
- Press key [B] until SUMMARY is displayed as shown below.
- Press key [D] untit AT END OF RUN is displayed as shown below.

AutoPrint:  SUMMARY| (Test Duration Page)
AT END OF RUN

8. - Press the [ERROR] Measure key to bring up that display category. Select the "BIT" Event,
and the '‘EnCnt=..." Analysis.
- Connect the PF-45 DS3 transmit jack [11] to the DS3 input jack of the multiplexer at the
DSX cross-connect panel with the appropriate cable, as shown in Figure 4-6.
- To verify the connection, we will send an error in one of the 28 transmitted DS1s.
- Select the desired Tx DS1 Channel. First, press {MODE} which will start the displayed
channel number blinking along with the Data Entry LED. Use the Data Entry keys 10 set the
desired channel number, then press [MODE] again to exit the channel selection process.
- Make a careful check of the RxSTATUS LEDs. Do we have signal? Are we in frame sync?
Is any alarm or idle signal present? Do we have Pattern Sync? If the status is as expected,
then continue.
- Now, make a short measurement run, by pressing [START/STOP].
- Use the Error Insertion [Down Arrow] to select "Bit".
- Press [SINGLE].
- If the connection has been made correctly, the Bit Error Count will = 1.
- Press [START/STOP] to stop the measurement run.
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8. - The DS1 connectivity has now been verified, and the PF-45 is also setup.
. Before starting the measurement run, make a careful check of the RxSTATUS LEDs. Do we tg i
have DS1 signal? If a framed DS1 signal is expected, are we in frame sync? is any alarm or
signal present? Do we have Pattern Sync?

. If the status is as expected, then begin the measurement run by pressing the [START/STO-
P] key, lighting the "Measurement Run" LED.

- During the measurement run, the user can view the monitored values under MEASURE
[ERROR] and [RxSTATUS]. This will not effect the measurement run.

- During the measurement run, do not change any values under SETUP. This will automati-
cally stop the measurement run.

- If the PF-45 is to be left unattended, it is suggested that the [RxSTATUS] key be pressed
until Rx Status *Seconds", {rather than *Elapsed” time or seconds), are displayed. Then press
key [B] until "Total ErrSecs= XXXXXXXX* is displayed. The PF-45 now shows the number of
"any-kind-of* errored seconds, and the RxSTATUS LEDs are in *History" mode. Leave the
PE-45 set like this. When the user comes back, the display immediately shows the occur-
rence of any errors, and the RxSTATUS LEDs show the occurrence of any sync losses,
and/or alarms.

1
H
i
=

,
:
[

Total ErrSecs= 0
X311 ixx->Rx1
10. - When the measurement run has timed out, or the [START/STOP] key is pushed again, the

measurement run LED will extinguish, the final values for the run are available for viewing,
and if the Summary AutoPrint was set, an automatic print-out of the results will start,

Ty —Rx1

Rxi
T3 PF-45 O |

DSX1
CMON

» OOUT
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M13
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Figure 4-6: Tx*,->Rx1 Mode
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4.2.5 Qut-of-Service Testing of DS1 Embedded in DS3: 31 DACS Testing

;‘; {Tx31—>Rx3g] mode (Fig 4-7), is used for portions of a system where the Tx and Rx D51 test signai
appearances are both at DS3. This is an appropriate test mode for DACS 3/1 (as shown) or back-
to-back M13's.

- Connect the PF-45 DS3 receive jack [12] to the monitor jack of the outgoing DS3 at the
DSX cross-connect panel with the appropriate cable, as shown in Figure 4-7.

- Press the [Tx/Rx] SETUP key repeatedly until the *Set New Mode' Page is displayed.
- Press key [C] until “Tx®,->Rx*, is in the lower left display quadrant as shown below.
- *Execute* the mode change by pressing key [D] once.

SET NEW MODE (Set New Mode Page)
Tx31->Rx31 EXECUTE

- Press the [Tx/Rx] SETUP key once again, bringing up the "DS3 Setup Page®.
- Press key [B] until Rx3:DSX is displayed as shown below.

- Press key [A] until Tx3:DSX is displayed as shown below.

- Press key [C] until the desired DS3 frame format is selected.

- Press key [D] until Cik3:Int is displayed as shown below.

Tx3:08X Rx3:DSX (DS3 Setup Page)
Frm3:M13  Clk3:Int

- Press the [Tx/Rx] SETUP key once again, bringing up the "DS1 Setup Page".
- Press key [D] until Clk1:Int is displayed as shown below.

- Press key [A] to select the DS1 line code.

- Press key [C] until the desired DS1 frame format Is selected.

Code: AM1 RXTIN/A (DS Setup Page)
Frm1:ESF  Clki:Int

- Press the [Tx/Rx] SETUP key once again, to bring up the *Pattern’ Page.
- Press key [A] until the QRSS20 pattern is displayed..

Ptn:QRSS20 {Pattern Select Page)

- Press the JAUX/TIME] SETUP key until the “Test Duration® Page is displayed as shown
below. '

- if a continuous measurement run is desired, press key [B] to bring up "CONT". Skip the
rest of step 6.

- If a timed measurement run (say, 15 minutes) is desired, press key [B] to bring up
“FIMED?®.
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- Press key [C] once. The four *Hours* digits blink along with the Data Entry LED. Set the
hours to 0000 with the Data Entry keys.

- Press key [C] a second time. The two *Minutes® digits blink along with the Data Entry LED.
Set the minutes to 15 with the Data Entry keys.

- Press key [C] a third time. The two "Seconds” digits blink along with the Data Entry LED.
Set the seconds to 00 with the Data Entry keys.

- Press key [C] a fourth time. This completes the Test Duration setup.

Test Duration: TIMED| (Test Duration Page)
H:0000/M:15/5:00

7. - i an automatic Summary print at the end of the measurement run is not desired, then skip
step 7, otherwise continue,
- Press the [AUX/TIME] SETUP key to bring up the *Printer* Page.
- Press key [B] until SUMMARY is displayed as shown below,
- Press key [D] until AT END OF RUN is displayed as shown below

AutoPrint:  SUMMARY! (Test Duration Page)
AT ERD OF RUN

8. - Press the [ERROR] Measure key to bring up that display category. Select the "BIT* Event,
and the *ErrCnt=..." Analysis.
- Connect the PF-45 DS3 transmit jack [11] to the DS3 input jack of the multiplexer at the
DSX cross-connect panel with the appropriate cable, as shown in Figure 4-7.
- Verify the DS1 connectivity by inserting an error in the transmitted DS1 of interest, and
monitoring the received DS1 for its occurence,
- Select the desired Tx DS1 Channel number for error insertion. First, press [MODE] which
will start the displayed Tx channel number blinking along with the Data Entry LED. Use the
Data Entry keys to set the desired channel number,
- Press [MODE] again to repeat the process for the Rx dropped-DS1 Channel number.
- Make a careful check of the RxSTATUS LEDs. Do we have signal? Are we in frame sync?
is any alarm or idle signal present? Do we have Pattern Sync? If the status is as expected,
then continue.
- Make a short measurement run by pressing [START/STOP].
- Use the Error Insertion [Down Arrow] to select "Bit".
- Press [SINGLE].
- If the connection has been made correctly, the Bit Error Count will = 1.
- Press [START/STOP] again to end the measurement.

9. - The DS1 connectivity has now been verified, and the PF-45 is also setup.
- Before starting the measurement run, make a careful check of the RxSTATUS LEDs. Do we
have both DS3 and DS1 signal? Do we have DS3 Frame Sync? If a framed DS1 signal is
expected, are we in frame sync? Is any alarm or idle signal present? Do we have Pattern
Syne?
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L . If the status is as expected, then begin the measurement run by pressing the [START/STO-

D P] key, fighting the *Measurement Run® LED.

’ - During the measurement run, the user can view the monitored vaiues under MEASURE
[ERROR] and [RxSTATUS]. This will not effect the measurement run.
- During the measurement run, do not change any values under SETUP. This will automati-
cally stop the measurement run.
- If the PF-45 is to be left unattended, it is suggested that the [RxSTATUS] key be pressed
untif Rx Status *Seconds®, (rather than *Elapsed* time or seconds), are displayed. Then press
key [B] untit "Total ErrSecs= X0000XX" is displayed., The PF-45 now shows the number of
*any-kind-of* errored seconds, and the RxSTATUS LEDs are in "History* mode. Leave the
PF_45 set like this. When the user comes back, the dispiay immediately shows the occur-
rence of any errors, and the RxSTATUS LEDs show the occurrence of any sync losses,
and/for alarms.

Total ErrSecss 0
Tx31ixx->Rx31xx

10, . When the measurement run has timed out, or the [START/STOP] key is pushed again, the
measurement run LED will extinguish, the final values for the run are available for viewing,
and if the Summary AutoPrint was set, an automatic print-out of the results will start.
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Figure 4-7: T>,->Rx>, Mode
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43 DROP & INSERT

The following two Drop & Insert modes (Fig 4-8) allow the user to replace a single DS1 within a
DS3 signal for test or patch purposes, without the use of a DACS 3/1 or back-to-back M13 muxes.

[int D&i31} mode inserts a PF-45-generated test pattern in the selected DS1 channel, and analyzes
the received DS3 and dropped DSH1.

{Ins31->Rx1} mode inserts a PF-45-generated test pattern in the selected DSt channel, and
analyzes the received DS3, but in this case the DS1 analysis is of the received bipolar DS1, This
enables testing of an M13 demux (or that function) with only 1 DS1 out of 28 taken out-of-service.

{ExtD&I31] mode inserts an externally-supplied DS1 signal inserted in the rear-panel bipolar DS1
Insert/Ref jack, and also analyzes the received DS3 and dropped DS1,

ins%—Rx3

THRU3

THRUY

Ext D& ] ]

It D&%

s k<3

LIVE [OMON
0S3
O0UTH_

OIN ~

.
DEX3 A
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G MON
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DSt

U EE LRI AL (LA

Figure 4-8: Drop & Insert/Thru Modes

4.4 ERROR INSERTION
The error-insertion feature addresses the need to test and verify circuits within DS3 and DS1
network equipment which monitor and respond to errors and alarms. A partial list follows:

DS3 transmission systems respond to parity errors, and DS1 systems respond to BPVs, frame or
CRC errors for Automatic Protection Switching. DS1 intelligent CSU’s respond to CRC errors, DS3
and DS1 performance monitoring network elements report parity, C-parity, F-bit and/or CRC errors
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and error ratios. The PF-45 can insert Bit, BPV, frame, parity/C-parity, FEBE, and CRC errors singly,
at a selected ratio (1E-2,5E-3,2E-3,1E-3...1E-9), or in a timed burst of the selected ratio.

DS3 and DS1 network elements respond to network alarms. The PF-45 can insert alarms con-
tinuously or in a timed burst (1mS resolution).

4.4.1 Bit Error Insertion

Generally, "BIT* errors are inserted in the internally-generated test patterns (for TEST modes), or the
data-bits (non-averhead-bits) of the THRU data stream (for THRU and D&l modes). The erors are
inserted after framing, so that DS3 Parity and DS1 ESF CRC-6 errors also occur. [SINGLE] will
produce one error, [RATIO] will toggle on/off error insertion at the selected ratio seen in the VIEW
field, and [BURST] will produce a timed burst of the selected ratio. While the ratio may be changed
during error insertion, the burst time can only be changed when all error insertion LEDs are off, and
the [BURST] key is pressed. Values from 1 to 6000 milliseconds can be selected for burst time.

4.4.2 Bipolar Violation_Insertion
Bipolar violations are always inserted without any bit error being produced. Like "BIT", the [SINGLE],
[RATIO), and [BURST] are active.

DS3: The DS3 line-code is B3ZS. When three consecutive zeros are 1o be sent, they are
translated into a triplet that contains at least one transition (normally a *1%), but the triplet is
marked by having one of these transitions violate the *bipolar rule*, This rule states that each
"1* to be transmitted must be in the opposite polarity of the last. A bipolar violation then
oceurs when two consecutive *1's or *marks® are of the same polarity. This makes inserting
bipolar violations in DS3 awkward, because any simple insertion of a BPV will be interpreted
by a receiver as a triplet, and will be decoded as *000%, thus creating "bit* errors, There is
however, an added sophistication for B3ZS coding, which requires that triplets be of the form
"00V* or *BOV* where *0* is a zero, V" is a bipolar violation, and *B" is a properly transmitted
*1*. The choice of "00V* or "BOV* is made so that each *V* is of the opposite polarity as the
last "V*. Typicaily, B3ZS decoders will disregard the "B* or *0" of the triplet as a requirement
for decoding the triplet to "000", Yet, the decoder will recognize a misplaced *B* or "0 and
call it a bipolar violation. The PF-45 sends DS3 bipolar violations by transmitting a *‘BOv*
instead of an *00V*, or vice-versa, when a BPV is desired. The receiving end will call this a
*bipolar violation®, but will properly decode it as "000". Therefore, in order to send D83
BPV’s, the data stream must have sufficient strings of three consecutive zeros.

DS1 AMI: This line-code requires only that alternate *1"s (marks) be transmitted in alternate
polarity. A BPV is inserted by sending two consecutive "1’s in the same polarity.

DS1 B8ZS: This line-code is the same as AMI until an octet of consecutive zeros OCCUrs.
Then an 8-bit patiern, including two bipolar violations is sent. At the receiver, this 8-bit
pattern is recognized and decoded to eight zeros. A BPV is sent, like AMI, by sending two
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consecutive *1"s in the same polarity, but this is never done within a B8ZS code-word, thus
precluding bit-error insertion.

4.4.3 D83 Parity/C-Parity and DS1_CRC-6 Error Insertion

Parity, C-Parity, and CRC-6 errors are inserted without data-bit errors occurring. This is done by
toggling the transmitted P-bits and C-Parity bits, or one of the six CRC-6 bits, 10 the wrong value
when a error is 1o be inserted. The data-stream itself is unaffected. Like "BIT*, the [SINGLE],
[RATIO), and [BURST] keys are active.

4.4.4 Frame Error insertion

Frame error insertion is performed on the “frame-alignment* bits, and leaves the other overhead
functions, such as DS3 Parity, C-bits, X-bits, CRC-6 bits, and ESF Data-link unaffected. The data
stream is also untouched. Like *BIT*, the [SINGLE], [RATIO], and [BURST] keys are active.

DS3: Both F and M bits are candidates for error insertion. This matches the PF-45 DS3
receiver, which monitors and analyzes the combined F & M bitstream.

DS1 D4/SF: 3oth Ft and Fs bits are candidates for error insertion. This matches the PF-45
DS1 receiver, which monitors and analyzes the combined Ft and Fs bitstreams.

DS1 ESF: The six Ft frame-alignment bits (also known as FAS, or multiframe bits) are
candidates for error insertion. This matches the PF-45 DS1 receiver, which monitors and
analyzes the Fi-bits.

4.4.5 AUX Error Insertion

DS3 framers respond to 3-in-n {n < 16) F-bit errors, and DS1 framers respond to 2-in-4 or 2-in-5 F-
bit errors by declaring ’loss of frame sync’. The PF-45 can send a single burst of 3-in-n (n=15,16,1-
7) DS3 F-bit errors, or 2-in-n (n=4,5,6) DS1 F-bit errors to force resync.

DS3 and DS2 framers must ignore 1 out of 3 C-bit errors for proper destuifing. The PF-45 can send
a single burst of DS3 or DS2 C-bit errors, erroring the 1st, 2nd, or 3rd C-bit in each row of a single
muitiframe to verify proper handiing of C-bit errors.

4.4.6  Alarm Insertion

Network alarms are inserted via the Error Insertion block. While the *ALM*® LED is lit, the [RATIO] key
is now the *CONTINUOUS" key, that is, for continuous insertion of the selected alarm. [BURST] can
also be used to transmit a timed burst of the alarm.

Future ANS! documents will define DS3 X=00 as a DS3 Yellow Alarm. So X-bits have been added to
the list of insertable alarms. They are also available under AUX Error insertion, but only as SINGLE
which gives a predefined burst time (See D&O Section 1.4.3). Under Alarm Insertion, both Con-
tinuous and (programmabie-length) Burst are available, while [SINGLE] resutts in a 1 second burst
of these two new alarms.
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4,47 DS1 Loopback Insertion 4

Remote contro! of loopback points is an important part of DS1 network testing. The PF-45 can send
the four common in-band loop-up and loop-down codes. The CSU codes will activate the end
customer's DS1 CSU loopback. The NI (Network Interface) codes activate the loopback of the
Telco’s "DS1 Interface Connector® which is located at the demarcation point between the Local
Exchange Carrier and the Customer Instailation.

Transmission of the codes is performed under AUX Error insert. *Single® will give a 6-second burst
of the code, which is one second longer than the required 5 seconds for the receiver 1o detect the
code and make the switch. Continuous and Burst insertion are also available. Burst time for all error
insertion is a maximum of 6000mSec, so bursts of loopback codes on either side of the 5 second
mark may be made (in order to test CSUs and Nis).

Since new or infrequent users may not be familiar with the process of selecting the AUX category
(such as DS3 F-bits, or DS2 X-bits) under Tx/Rx SETUP, the category "Loopback™ has been made
the default setting for all modes that can insert the loopback codes. This means that when scrolling
the Error Insertion LEDs past AUX, the user is automatically provided with access to the loopback
codes, unless the user has previously selected a different category while in that mode.

4.5 USING THE PF-45 AT THE DIGITAL CROSS-CONNECT (DSX):

The Digital Signal Cross-connect (DSX) frame is a centralized termination point for digital equipment
at a particular digital signal level or bit-rate. A DSX frame provides rearrangeable connections
between any two equipment terminations or appearances, bridged access where equipment can be
connected in parallel with a digital signal path, and series access where a digital signal path can be
split.
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Fig. 4-9 shows a DSX Cross-connection. Each 3-jack DSX block is dedicated to a certain piece of
Line Equipment. The "OUT" jack is the output of that fine equipment, the *IN" jack is the input to that
line equipment. The "MON" (monitor) jack is a buffered version of the "OUT" jack, approximately 20
ds lower in level. Permanent cross-connect paths between two pieces of line equipment (shown
with the dotted lines) are made with jumper wires at the rear of the DSX bay. The permanent paths
can be temporarily re-routed using jumper cables (of the appropriate type) from the front of the DSX
bay. The DSX contains switching jacks which default to the jumper wires, but route the signal path
to the jumper cables when a cable plug is inserted.

3|
:\
4
1

Figure 4-9: DSX Cross-Connect

To use the PF-45 as a stand-alone generator, the PF-45 output signal from jack [11] or [13] should
be connected to the appropriate *IN* jack at the DSX, This is clearly an out-of-service situation,
useful for initiation of service on new lines and equipment as well as maintenance and repair
verification.

98 PF-45 Description and Operating Manual

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




4.5.1 Notes for DS1 DSX use:

DSX1 Monitor Jack

At the cross-connect, a monitor point is provided. When terminated with 100 ohms, the signal level
at this point is a flat 20 dB lower than the DSX1-compatible signal. The PF-45 receiver will automati-
cally adjust for normal DSX-level or DSX-monitor level.

Not all commercially available DSX1 jack fields have resistors buffering the Monitor jacks. The PF-45
user must determine which type of configuration is under test. The accepted procedure is to use
the TERM (100a, terminated) setting on the PF-45 when the proper series resistors are in the
monitor path. For DSX's with direct bridging at the monitor jack, use the high impedance bridging
setting on the PF-45. Mismatch could result in line errors,

4.5.2 Notes for DS3 DSX use:

Ds3 450 feet DSX3 450 feet bs3
TX LINE > CROSS- 4 RX LINE
EQUIPMENT 728A CONNECT 7284 EQUIPMENT
CABLE CABLE
Tx: DS HI > !-Tx: bsx < Tx: BS 900
Rx: DS HI < Rx; DSX < L—> Rx: DSX

Figure 4-10: Typical DSX3 Architecture

The typical DS3 cross-connect scheme is shown above (one direction only). The *source” of the

DS3 signal is the DS3 Tx Line Equipment. 450 feet of WECO 728A-compatible cable separate the
transmitter from the DSX3 patch panel. At the cross-connect the signal must meet the network DSX3
pulse-shape and amplitude requirements. An additional 450 feet of.cable connects the DSX3 to the
D83 Rx Line Equipment which *sinks" the signal.

At the DS3 bitrate, 450 feet of cable produces a considerable amount of loss and shaping.
Therefore, the DS3 Tx Line Equipment must "source” a signal, which having traveled through this

‘cable, will meet the DSX3 requirements, This is essentially a rectangular wave of .809 volts peak.

This signal is provided by the PF-45 transmitter, and is called "DS HI". The PF-45 receiver can
handle this signal when the expected receive level is set to "HI/LO".

At the DSX3 cross-connect the signal requirements are well-defined in the network specifications.
The PF-45 transmitter provides this signal, which is called *DSX*. The PF-45 receiver can handle this
signal when the expected receive level is set to "DSX"
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After the DSX3-compatibie signal leaves the cross-connect, it goes through an additional 450 feet of
cable, further attenuating and shaping the signal. If option 9402/00.04 (no additional charge) has
been requested at initial purchase, the PF-45 transmitter will provide this signal, which is called "'DS
900° (450 ft + 450 ft = 900 ft). The PF-45 receiver can handle this signal when the expected
receive ievel is set to "DSX".

DSX3 Monitor Jack

At the cross-connect, a monitor point is provided. When terminated with 75 ohms, the signal level at
this point is a flat 20 dB lower than the DSX3-compatible signal. The PF-45 receiver will automatical-
ly adjust for normal DSX-level or DSX-monitor level.

DS LO

Traditional DS3 test equipment have provided a *DS LO* transmit signal. This is a ‘DS HI* signal with
13.8 dB of fiat loss. The PF-45 transmitter provides this level when set to "LO* (not available if
equipped with *DS 900%). The PF-45 receiver will automatically adjust for this level when the
expected receive level is set to "HI/LO",

4.5.3 Special Consideration when in THRU or D&l modes:

The first step for all THRU or D&l setups will be to connect the PF-45 input to the appropriate
monitor jack. At this point the signal path has not been affected. When the PF-45 receiver has
achieved synchronization, and the setup has been made correctly, get ready to connect the PF-45
output signal to the appropriate DSX "IN* jack.

These setups will generally be *in-service’, Careful setup, and understanding of the equipment under
test will produce the desired result. The connection of the PF-45 to the "IN® jack will cause a "hit" by
the nature of the switches in the jacks and the signal-path delay through the PF-45. This is
unavoidable. When inserting the cable plug into the “IN* jack, snap in the plug in one quick motion
to minimize the *hit time". Further hits are avoidable in most cases if care-is taken. Remember, when
initially setting up for Drop & Insert functions, channel *00" gives the user a "neutral” starting place.
Double check the settings on the PF-45, These determine fine-code, framing-type, etc. any of which
could interrupt transmission if improperly set. Always review the PF-45 Tx/Rx configuration before
connecting to an in-service line.

-Connect PF-45 to monitor jack.

-Check PF-45 status LEDs. Do we see what we expect?
-Double-check setup.

-Review PF-45 Status and warning LEDs.

-Connect PF-45 Tx jack to "IN* jack.

NO *HITS* ON THE SELECTED DS2 OR ANY NON-SELECTED DS1'S:

In order to perform a Drop & Insert function, the DS3 signal must be iooped through the PF-45. This
will cause a *hit" on the entire DS3. When a Drop & Insert Mode is selected, the DS1 channel
number is first set at *00* (NO DS11), allowing the user to check the status of the looped through
D33 before performing the Drop & Insert. Selecting a DS1 channel number and *entering’ it with a
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final press of the [MODE] key actually performs the Drop & Insert function and naturally disrupts
that DS1 by switching a different signal into its timeslots. However, NO DS2'S ARE DISRUPTED AND
NO DS1s OTHER THAN THE INSERTED CHANNEL ARE AFFECTED BY THE DROP & INSERT
FUNCTION.

4.6 USING THE NRZ INTERFACES:

Transmit

The transmit NRZ QUT jacks are always active when an internal pattern (at DS1 or DS3) is being
generated.

Receive

The receive NRZ IN jacks must be selected in the [Tx/Rx] setup pages to be active, A choice of
clock edge is provided.

4.7 TEST PATTERN SELECTION

D83

The standard (traditional) test signal for characterizing PS3 system performance is the 2'%.1 PRBS.
Digital words are used for other uses, such as providing an isolated puise for pulse-shape
verification with the *100...” signal. Unlike other test sets which use *1010..." to create AlS, and
*1100..." to create Idle, the PF-45 inserts AlS and ldle via the error/alarm-insertion function. The
*1010..." and *1100..." digital words are phased so as NOT to create AlS or Idle.

D81

The standard (traditional) test signal for characterizing D31 system performance is the QRSS. This is
a 220.1 PABS with maximum consecutive zeros = 14. However, many DS1 transmission systems
have their weakest link in the ability of the repeaters {0 handle low pulse-density. For this reason,
two special digital words are provided: the 1-in-8 and the 3-in-24 signals. They both offer the
minimum-allowed pulse density to stress repeaters, and the 3-in-24 also includes a string of the
maximum allowable consecutive zeros: 15. Both signals can be sent framed or unframed, while
maintaining network density/consecutive-zeros requirement, and without mimicking a yellow alarm.
However, sending SF Yellow Alarm in any of the above will overwrite bit 2 of each channel time-siot
with *0%, creating transmitted patterns of all or mostly zeros zeros which will violate pulse-density
requirermnents on AMI systems and possibly trigger NO SIGNAL, LOSS OF FRAME 8YNC, and LOSS
OF PATTERN SYNC.

The all-ones word is also available. When it is unframed, it is identical to DS1 AlS. However, by
inserting errors in the pattern {(up to 1 in 100; 1E-2), it is possible to characterize the "AlS threshold”
of network equipment. In this way, the PF-45 user can produce a variable, "High-Density” signal.

*Live” pattern
When MON, THRU or ExtD&I modes are selected, the default pattern is "Live®, which essentially

PF-45 Description and Operating Manual 101

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




means the PF-45 does not look for a pattern. No *Bit* event, or "No Pattern Seconds* occur, and the
Pattern Sync LEDs are turned off. if the user shouid want 1o monitor a pattern, all the regular
patterns are still available in the Set Pattern Page of SETUP,

*InsDS1* pattern

In Tx31->Rx1 and Tx31->Rx31 modes, the user can create a DS3 containing 28 copies of any DS1.
By selecting InsDS1" in the Pattern SETUP Page, the DS1 inserted in the rear-panel DS1 Insert jack
[34] is used as the DS1 transmit test signal. Since the PF-45 does not know what is contained in
the inserted D31, (ke "Live" pattern), no "Bit* event, or *No Pattern Seconds" occur, and the Patiern
Sync LEDs are turned off. '
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4.8 GLOSSARY OF PF-45 TERMS AND ABBREVIATIONS

AMI Alternate Mark Inversion. This is the traditional DS1 line code. When sent over a T1
system, no more than 15 consecutive zeros are allowed, and the pulse density must
be > 12.5%.

ALM Alarm

AUX Auxiliary Insert/Error Insert

AvgBER Average Bit Error Ratio. This is the BER over the entire measurement run time,

B3ZS Bipolar 3-Zero Substitution. This is the line code used for electrical transport of DS3.

Trios of zeros are encoded to trios which contain a deliberate bipolar violation. This
maintains pulse density.

B8ZS Bipolar 8-Zero Substitution. This DS1 line code substitutes an octet containing
deliberate bipolar violations in a particular pattern for each octet of zeros. This
eliminates the consecutive-zeros and pulse density constraints placed on DS81s that
are transporied using the AMI line code.

Bit1 DS1 Pattern-Bit

Bit3 DS3 PattemBX
BPV1 DS1 Bipolar Violation (see Section 4.4.2)

BPV3 D83 Bipolar Violation (see Section 4.4.2)

Brdg DS1 Bridging: input impedance of receive jack [14] is set high {>1000 ohms).

Clk1 DS1 Transmit Clock

Clk3 DS3 Transmit Clock

CPar

(Frame format) DS3 C-Parity frame format. Has the same overhead structure as DS3 M13 format,
but the DS2-t6-DS3 stuffing is *stuck® on, and as a result the C-bits are freed for
other functions such as *C-Par* Path Parity, FEBE, and Data Links.

(Parity) Path Parity found in C-Parity frame format. The originating DS3 multiplexer sets both
the *C-Par" Path Parity and the normal P-bit parity to the correct values. Subsequent
DS3 equipment may monitor the P-bit parity and then correct i, to establish
performance values on a sectional basis. The "C-Par* Path Parity is not corrected
however, and so provides an end-to-end "path® performance monitoring capability.
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CONT, Continuous

CONTIN

CRC Cyclic Redundancy Check (valid for DS1 ESF format systems)

CurBER Current Bit Error Ratio. This is the BER repeatedly calculated over a gated time
period.

D4/SF DS1 Superframe Format. Two functions are provided: iocation of framing bits, and
location of signaling frames.

D&l Drop & Insert {£S1 from and into DS3)

DrbBER Dribbling Bit Error Ratio. This is the BER over the entire measurement run, but using
only those seconds that do not contain error bursts.

EnCnt Error Count

ErrSec Errored Seconds

ESF DS1 Extended Superframe Format. Four functions are provided: location of framing
bits, location of signaling frames, CRC-6 transmission, and an embedded data link.

Ext External

ExtD&l This mode allows the user to drop a DS1 from a live DS3, and to insert an
externally-generated DS1 into the same channel. Performance monitoring is also
done.

FEBE Far-End-Block-Error (valid for C-Parity format DS3 systems)

Frmt DS1 Frame-bit

Frm2 DS2 Frame-bit

Frm3 D33 Frame-bit

Hi High (D83 Tx/Rx Level)

H/L High/Low (DS3 Tx/Rx Level)

ins insent

InsDS1 In Tx3,->R, and Tx,->Rx1 modes, this *pattern” allows the user to create a DS3
test signal containing 28 muitiplexed copies of a DS1 sent in the InsDS1 rear-panel
jack.
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ins31~>Rx1 This mode, like IntD&I, allows the user to drop a DS1 out of a live D83, and to
simuitaneously insert an internally-generated DS1 into that same channel of the live
DS3. However, the DS1 to be tested is not the dropped DS1, but the DS1 applied to
the D81 Rx jack [14]. This allows easy testing of an M13 Demuitiplexer, leaving 27
DS1s in-service, while 1 DS1 is taken out-of-service for testing.

Int Internai

IntD&l This mode allows the user to drop a D31 out of a live DS3 and test it. Simul-
taneously, an internally-generated DS1 test signal is inserted into that same channel
of the live DS3. Full out-of-service testing is performed on that DS1.

Lo Low
M13 Normal DS3 frame format. Sometimes cailed *M23', it is the format used by

traditional multiplexers. Uniike C-Parity format, M13 uses two levels of stuffing, and
therefore uses both DS2 and D83 C-bits as stuffing indicators only.

MAN Manual

MONH1 This is an in-service mode for DS1 performance monitoring at the.D_S1 rate.

MON3 This is an in-service mode for DS3 performance monitoring.

MON31 This is an in—se;rvice mode for performance monitoring of a DS1 embedded in DS3.
N/A Not Applicable

NRZ1 Non-Return-To-Zero (clock rising edge)

NRZ: Non-Return-To-Zero (clock falling edge)

Par DS3 P-bit Parity. The two P-bits are set to cdd-parity by the originating DS3

multiplexer. DS3 section equipment may use this for performance monitoring, and
typically will overwrite the P-bits with corrected parity vaiues.

PTN Pattern

Ref Reference

Secs Seconds

Term Terminated

ThreshES Threshold Errored Second

THRUA This mode allows the user to insen errors, alarms, and loopback codes into a live

DS1. Performance monitoring is also done.
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THRU3

This mode allows the user o insert errors and alarms into a live D83. Performance
monitoring is also done,

THF%UZ‘1 This mode allows the user to insert DS3/DS2/DS1-related errorsfalarms/loopbacks
into a live D83 carrying DS2s/DS1s. Performance monitoring is also done.

Tx1->Rx1 "This is a test mode meant for out-of-service testing of DS1 facilities.

Txl-> F{x:"1 This is a test mode meant for out-of-service testing of DS1 facilities whose input is at
DS1, but whose output contains the DS1 embedded in DS3. An M13 muitiplexer is
an example of this.

Tx3->Rx3 This is a test mode meant for out-of-service testing of DS3 facilities.

Tx31~> Fx1 This is a test mode meant for out-of-service testing of DS1 facilities whose input is a
DS1 embedded in DS3, but whose output is at DS1. An M13 demultiplexer is an
example of this.

Tx31~>l=ix31 This is a test mode meant for out-of-service testing of DS1 facilities whose inputs
and outputs contain DS1 embedded in DS3. A 3, DACS is an example of this.

<E-m Errored Second with error ratio less than 1 in 10"

>E-n Errored Second with error ratio
greater than or equal to 1 in 107

Unfrm Unframed

Y.YY E-Z (Y.YY) X 10°¢
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4.9 OVERVIEW OF PF-45 FEATURES AND OPERATION

Features

* Full DS3 BERTS (Unframed, M13 frame or C-Parity frame formats)

* Full DS1 BERTS (Unframed, D4/SF, or ESF frame formats)

* 1/3 Mux (built-in)

* 31 Demux {built-in)

* 051 Drop and Insert

* Extensive simultaneous measurement and analysis at DS3, D81, and DS1/DS2 embedded in DS3
* Complete PRBS/QRSS/Digital word selection

* Comprehensive error insertion to check line equipment and monitoring facilities
* Printer (built-in)

* Portable, with rugged cast-aluminum case

* |[EEE 488/RS232 Remote Control option

* .24/-48V DC Operation option

* E1 Drop/Analysis option

* Data Link/Multifunction option

The PF-45 DS3/DS1 Analyzer is a unique tool for North American DS3 and DS1 PCM systems, [t
combines state of the art DS3 and DS1 Bit Error Rate Test Sets (BERTS), DS1 Drop & inser,
comprehensive error insertion capabilities, and a built-in printer, This includes the ability to test
directly across M13 mux and demux facilities. DSX3 and DSX1-compatible interfaces are provided
for Central Office and customer premises applications, while TTL-compatible interfaces are suitable
for laboratory use. '

The receive portion of the PF-45 DS3/DS1 Analyzer performs comprehensive error measuremernt,
analysis, and status monitoring of DS3 and DS1. The monitored DS1 may be a baseband bipolar
line signal (Rx1 mode), or a DS1 "dropped’ by the PF-45 from the received DS3 (Fb(:"1 modes). In
the later case, the DS3 signal containing the selected DSt is monitored simultaneously with the DS1
signal, and the DS1 is output to the dedicated rear-panel 'Drop DS1’ jack for further testing and/or
patching.

The PF-45 transmitter can output framed or unframed test patterns at DS3 (Tx3 mode) or DS1 (Tx1
mode) as well as a unique DS3 test signal containing 28 identical DS1 test patterns with proper
Ds2 and DS3 framing and stuffing (T xz’? modes). The received DS1 or DS3 line signal can also be
retransmitted with selectable error insertion (THRU1 and THRU3 modes, respectively), and the
looped DS3 signal can have a DS1 test pattern or live signal inserted in a selected DS1 channel
(D&! Modes).
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Applications

*Network Maintenance *DS3 Circuits
*Troubleshooting *D31 Circuits
*In-Service-Monitoring *M13 Multiplexers
*Fault isolation OF: *M31 Demultiplexers
*Installation *DACS 3/3
*Acceptance Testing *DACS 3/1
*Manufacturing

*Development

With the continuing growth in high density digital transmission systems, it is becoming increasingly
important to provide muitifunctional instruments for their installation and maintenance. The PF-45
DS3/DS1 Analyzer is ideally suited for troubleshooting, fault isolation and monitoring of network
elements such as M13 Mux and M31 Demux, 3/1 and 3/3 DACS and transmission paths. Due to its
unique characteristics, PF45 is also equally suited for development, manufacturing and acceptance
testing of these systems.

Characteristics
The PF-45 DS3/DS1 Analyzer performs comprehensive error measurement, analysis and status
monitoring at DS3, DS1 or between the DS3 and DS1 hierarchical levels.

Because the PF-45 is capable of measuring DS1 parameters of a DS1 signal embedded within a
DS3, a variety of measurement configurations are possible. The PF-45 offers a selection of 14
modes of operation depending on the measurement to be performed and the hierarchical fevel
where test signals are to be inserted or measured.

To differentiate between the line rate at which signals are inserted or accessed and pattern rate at
which the measurements are to take place, the PF-45 uses a shorthand notation for mode
identification: a *3" suffix on either Tx or Rx means that both line rate and pattern rate are DS3;
similarly a "1* suffix means that both line rate and pattern rate are DS1. A *3/1* suffix indicates the
instrument is transmitting and/or receiving at DS3 line rate but the pattern to be measured is ai
D31 In Rx31' Modes, parity, CRC and frame error measurements are simultaneously performed at
DS3, and DS1.

Mode selection defines the remainder of the Setup Menu, For each mode the user selects the
desired operating parameters from the Setup Menu corresponding to that mode. The selected mode
automatically defines the relevant simultaneous measurements that will be performed.

The PF-45 simultaneously measures and analyzes the following events: bit errors (DS3 or DS1);
bipolar violations (DS3 or DS1); frame and multiframe errors (DS3, and DS1); parity, C-Parity and
FEBE errors (DS3); and CRC-6 errors (DS1 ESF). Alarms and status changes are also logged and
counted as event seconds. Events with their associated analyses can be displayed at any time
and/or printed with a time stamp on the built-in printer.
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PATTERNS: 223-1, 2901, 2154, 2V1.4, 2%-1, amss, 1111, 1000, 1100, 1010, 1-in-8, 2-in-8, 3-in-24
ERROR EVENTS: Bit, BPYV, Parity, C-Parity, FEBE, CRC-6, Frame
ERROR ANALYSIS: Error Count, Errs/Sec, Dribbling Count, Current Error Ratio, Average Error Ratie,
Dribbling Error Ratio, Errored Seconds, Threshold Errored Seconds, ¥ Error-free Seconds
STATUS EVENT SECONDS:
BS3: No Signal, No Frame Sync, Mo Pattern Sync, AlS, Idle, X-bit
ps2: No Signal, No Frame Sync, AIS, X-bit
DS1: No Signal, No Frame Sync, No Pattern Sync, AIS, Yellow Alarm, Excess Zeros
PF-45: No Power
INTERFACE: DSX3, DSX3-Monitor, DSX1, DSX1-Monitor, and TTL NRZ-data/Clock compatible

Modes of Cperation

In the five Test (Out-of-Service) Modes, the PF-45 transmits and measures a wide selection of
pseudorandom patterns and digital words at either DS3 or DS1 line rates. In ”‘:’x31 Modes the
selected test pattern is inserted into 28 identical DS1 signals embedded in a DS3 with correct DS3
and DS2 framing and control bits. In Rx31 Modes a selected DS1 is demultiplexed from D83 and
measured.

In the MONITOR, THRU and DROP & INSERT (D&I) Modes relevant measurements are performed
on the received signal (DS3 or DS1). For both THRU and D&l Modes, the received signal is
retransmitted at the received clock rate from the transmitter. (Code errors are not retransmitted).

In the MONITOR?,, THRU®, or D&, Modes the PF-45 will demultiplex a selected DS1 from the
received DS3 signal, outputting the dropped DS1 in DSX1 format at the dedicated rear panel DS1
DROP jack. Error analysis is perfformed simultaneously on the DS3, and dropped DS1 signals. in the
D& Modes the PF-45 is also capable of inserting a DS1 signal into the received DS3 without
interfering with the remaining DS1s. The inserted signal may be either a test pattern originating
within the instrument (EntD&I31), or an externally sourced DS1 in DSX1 format input at the dedicated
rear pane! DS1 INSERT/REF jack (ExtD&L,).

Error insertion

The PF-45 has extensive and precise error insertion capability. Bit, BPV, frame, parity and CRC
errors are inserted singly, at a selected error ratio or In a timed burst at the selected error ratio. Bit
errors are accompanied by appropriate parity or CRC errors. All other error types are inserted in
such a way that no other error type occurs, ie: parity or CRC errors do not cause bit errors. The
AUX error position offers a wide selection of well-defined overhead error patiemns that are injected
as a single burst, for example, 3 of 16 contiguous DS3 frame bits or the third C-bit (stuff indicator)
of each row of either a DS2 or DS3 muitiframe. These well-defined error patterns are useful in
testing frame synchronization circuits and muitiplex equipment.

Alarms can be transmitted continuously or as timed bursts to test alarm recognition circuits.
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Operation
The front panel of the PF-45 can be divided into five distinct groups of controis and displays:

* The Tx/Rx column of LEDs on the upper left [1] provides a summary of the selected pattern and
frame parameters for DS3 and/or DS1.

* Directly below is the ERROR INSERTION field [5] with LEDs indicating the type of error to be
inserted and a push button to scroll through the error selection. [SINGLE], {RATIO], and [BURST]
push buttons activate the error insertion. The VIEW field shows additional information about the
error insertion parameters, many of which can be changed with the [VIEW] and Data Entry keys.

* In the middle of the panel is the 2 by 20 character vacuum-fluorescent DISPLAY [2]. Below it are
eight push buttons [A], [B], IC], [D], [6], and {7] that control the display operation; two additional
DATA ENTRY push buttons [8] are used to change certain parameters.

* To the right of the display section is the Rx STATUS column of LEDs [3]. These normally display
the current state of DS3 and DS1 alarms and signal status. The top LED labeled HISTORY s lit only
when the [Rx STATUS] push button has been depressed. While it, the column of LEDs indicates
the history of all alarms or changes of status that have occurred since the start of the measurement.

* The printer [4] is mounted to the right of the front panel. Below it are the printer control push
buttons, the [START/STOP] push button, and the measurement run LED which is lit while a
measurement run Is in process.

Two blue push buttons [6] appear under the SETUP category. [Tx/Rx] activates the setup display
menu in which the measuring mode and the appropriate operating parameters are selected.
Successive pages of the Setup Menu are displayed each time [Tx/Rx] is depressed.

Each page of the display is divided into four quadrants controlled by the [A], [B], [C] and [D] push
puttons located below the display. The parameter displayed in a quadrant can be changed by
depressing the associated push button.

The [AUX/TIME] push button activates auxiliary setup functions such as Date, Time, Test-duration,
Auto Print, etc. The operation is similar to that described above.
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Measure

Two black push buttons [7] appear under the MEASURE category. [ERROR] activates the error
measurement display. This display is also divided into four quadrants. The top left quadrant displays
the error type. It can be scrolied by depressing the [EVENT] push button. The top right quadrant
displays the error analysis result and can be scrolled by depressing the [ANALYSIS] push button.
The bottom left quadrant indicates the operating [MODE]. The bottom right quadrant contains
information that is pertinent to a specific measurement operation and may be changed by depress-
ing [VIEW]. :

The [Rx STATUS] push button activates the status measurement display containing status event
second counts accumulated during the measurement. These are scrolled the same as described
above.
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5  FUNCTIONAL CHECK, MAINTENANCE, ETC.

51 BACK-TO-BACK FUNCTIONAL CHECKOUT

This section shows the user how to check many of the main features of the PF-45 with a simple
back-to-back checkout, requiring no equipment other than the PF-45 itself and DS3 and DS1 pateh
cords. Refer to Section 3 "CONTROLS" or the PF-45 Short Operation Manual found in the slidecut
drawer under the instrument for further details on the required setups below.

54,1 Tum ON
1. Set real-time clock:

[AUX/TIME] SETUP:

Clock: 00:00:00] (set Clock/Date Page)
Date: Qct01'89

The real-time clock and date are used for time-stamping centain printer events. To view and/or
change the clock/date setting, press the JAUX/TIME] setup key until the above display is brought

up.

To set the realtime clock:
Press key [B]. The leftmost digit of the time will blink in conjunction with the Data Entry LED.

Select the desired number and press [B] again. The next digit now blinks, and so on.
To finish the clock setup, *walk* the blinking digit towards the right of the display, and finally
off the display.

To set the date:
Press key [D], and set the date in the same way as the clock was set.
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5.1.2 Tx1->Rx1

The Tx1->Rx1 mode transmits and receives an internally generated DS1 test signal. In a typical
application, the DS1 systern under test will be looped-back to the originating end. In this case
however, the DS1 system under test is eliminated, and the PF-45 "tests” itseff.

1. .- Make the following setup with no D81 patch cord:

[Tx/Rx] SETUP:

SET NEW MODE {Set New Mwde Page)
Tx1->Rx1

Code:AMI Rx1:Term| (DS? Setup Page)
TFrml:DASSF ClklzInt

Ptn:QRSS20 (Pattern Select Page)

ERROR INSERT: @D51] (AUX Error Insert Select Page)
AUX ERR: nst Fbit

[AUX/TIME] SETUP:

Test Duration: CONT. {Test Duration Page)
(continuous)

- Press [ERROR] Measure,
- With [EVENT] key, bring up "Bit1".
- With [ANALYSIS] key, bring up *ErCnt= "

Result: Under Tx/Rx {1], the Tx Pattern and DS1 D4/SLC-96 front-panel LEDs are lit.
Under Rx STATUS [3], the DS1 NO SIGNAL, DS1 NO FRAME, EX ZEROS, and DS1
red (no) Pattern Sync LEDs are it.

Bit1 Errint= i}
Tx1->Rx1

NOTE: the Bit1 Error Count remains at 0. This is because the counter is enabled only when
there is signal presence, frame syne, pattern sync, and the measurement run is ON. See
Section 1.2.2 Error Counting.
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2. - Connect DS1 Tx [13] to DS1 Rx [14] with the appropriate patch cord.
Result. Rx STATUS LEDs: DS1 NO SIGNAL, DS1 NO FRAME, EX ZEROS, and DS1 red
Pattern Sync LEDs are extinguished, and the green DS1 Pattern Sync LED is lit.
3. - Start measurement run by pressing [START/STOP] key {9].
- Press the Error Insertion *down arrow® key [5] once to light the *BIT" LED.
- Press [SINGLE] one time to insert one pattern-bit error,
Resuit: "MEAS RUN* LED is lit, "BIT* LED is lit, and the error count on the display is 1"
Bit1 ErrCnt= 1
Tx1->Rx1 Ins BIT1
4. - Press Error Insertion "down arrow* key [5] again to light "BPV" LED.
- Press [EVENT] once to display "BPV1".
- Press [SINGLE] once to insert one bipolar violation.
Result: the "BPV* LED is lit, and the BPV1 error count on the display is *1*
BPY1 ErrCnt= 1
Tx1->Rxt ins BPV1
5. - Press Error Insertion "down arrow" key [5] again to light "FRM* LED.
- Press [EVENT] once to display "Frmi~.
- Press [SINGLE] once to insert one Frame-bit error.
Hesult: the *FRM* LED is Iit, and the Frm1 error count on the display is *1".
Frml ErrCnt= 1
Tx1->Rx1 Ins FRM1
6. - Press Error Insertion "down arrow” key [5] again to fight the "AUX* LED. The VIEW field should
show *Fit: 2/6". .
- Press [VIEW]. "Ft1:2/6* now blinks in conjunction with the Data Entry LED. Use the data entry
keys 1o select "Fi1:2/4"
- Press [VIEW] a second time to stop the blinking, and exit the selection process.
- Press [SINGLE] once to insert a single group of two-out-of-four Ft-bit errors (which will force
the DS1 Rx framer out of frame sync).
Result: the "AUX*® LED is lit, and the DS1 NO FRAME LED momentarily lights.
The Frm1 error is incremented by 1 or 2 counts.
Frmt ErrCnt= 3
Txt->Rx1 Ft1: 274
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7. . Press Error Insertion *down arrow* key {5] again to fight the *ALM* LED. The VIEW field should

show "DS1 AIS".

- Press {RATIO] (Continuous) to continuously insert DS1 AIS.

Result; The "ALM* and *RATIO® LEDs [5] are lit. Under Rx STATUS, the DS1 NO FRAME,
DS1 AIS, and red DS1 Pattern Sync LEDs are it.

Frm] Errtnt
Tx1->Rx1

= X
DS1 AlS

(X is ¥don't care®)

8. - Turn off DS1 AIS insertion by pressing [RATIO] (Continuous) again, toggling off the *RATIO"

LED,

- Set the inserted alarm type to DS1 Yellow by pressing [VIEW] (DS1 AIS now flashes with DATA

ENTRY)

- Press the Data Entry *up arrow* and bringing up a flashing "DS1 YELL"
- Press [VIEW] again to "enter' the DS1 Yellow selection (no longer flashing)
- Press [RATIO] (Continuous) to turn on DS1 Yellow Alarm insertion.

Resuit: The "ALM" and "RATIO* LEDs 5] are lit. Under Rx STATUS, the DS1 YELLOW, and
EX ZEROS LEDs are lit.

Tx1->Rx1

Frml Errint= X

Ds1 YELL
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513 Tx3->Rx3

The Tx3->Rx3 mode generates and receives an internally generated DS3 test signal. This test signal
consists of a framed or unframed DS3-rate pattern (ie, contains no DS2’s or DS1’s). Like the above
Tx1->Rx1 back-to-back test, the following "tests" the PF-45.

1. - Make the following setup with no DS3 patch cord:

[Tx/Rx] SETUP:
SET NEW MODE (Set New Mode Page)
Tx3->Rx3
Tx3:H1 RX3:H/L (bs3 Setup Page)

Fen3:M13  Clk3:int

Ptn:2E15-1 (Pattern Select Page)

ERROR INSERT:  a@0S3| (AUX Error Insert Select Page)
AUX ERR: D83 Fbit

[AUX/TIME] SETUP:

Test Duration: CONT. {Test Duration Page)
{continuous)

- Press [ERROR] Measure.
- With [EVENT] key, bring up "Bit3".
- With [ANALYSIS] key, bring up "ErCnt= =

Result: Under Tx/Rx [1], the Tx Pattern and DS3 M13 FRAME front-panel LEDs are lit. The
DS3 Tx and Rx level LEDs [11], [12] show "HI' and "HI/LO" respectively. Under Rx
STATUS [3], the DS3 NO SIGNAL, DS3 NO FRAME, and DS3 red (no) Pattern Sync
LEDs are lit.

Bit3 Errlnt= 0
TX3->Rx3

2. - Connect DS3 Tx [11] to DS3 Rx [12] with the appropriate patch cord.

Result: Rx STATUS LEDs: DS3 NO SIGNAL, DS3 NO FRAME, and DS3 red Pattern Sync
LEDs are extinguished, and the green DS3 Pattern Sync LED is |it.
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3. Preset Error Insertion Ratio:
- While no Error Insertion LEDs [5] are Iit, press [RATIO].
- The RATIO LED is lit, and the VIEW field shows "Ins XE-X".
- Press [VIEW], causing the displayed ratio and the Data Entry LED to blink.
- Use the Data Entry up/down arrow keys [8] to select the desired ratio, in this case: 1E-4
- Press [VIEW] again to *enter* the value, and stop the blinking.
- Press [RATIO] again to exit the setup process, and remove the *Ins 1E-4* from the display.

4. Preset Burst Length:
- While no Error Insertion LEDs [5] are Iit, press [BURST].
- The BURST LED is lit, and the VIEW field shows *XXXXmSec".
- Press {VIEW], causing the displayed burst length and the Data Entry LED to blink.
- Use the Data Entry up/down arrow keys [8] 10 select the desired burst length, in this case:
1000mSec
(NOTE: hold down the up or down arrow keys to accelerate the selection process.)
- Press [VIEW] again to "enter* the value, and stop the blinking.
- Press [BURST] again to exit the setup process, and remove the *1000mSec” from the display.

5, - Start measurement run by pressing [START/STOP] key [9].
- Press the Error Insertion "down arrow" key {5] once to light the "BIT" LED.
- Press [BURST] one time to insert one burst of pattern-bit errors.

Resuit: "MEAS RUN" LED is i'rt,' "BIT* LED is fit, the BURST LED is lit for 1 second, and the
error count on the display is "4421", +/-1.

Bit3 Errlnt= 4421
TX3->Rx3 Ins BIT3

6. - Press Error Insertion *down arrow* key [5] again to light "BPV* LED.
- Press [EVENT] once to display "BPV3".
- Press [BURST] once to insert one burst of bipolar-violations.

Result: the *BPV* LED is Iit, the Burst LED is lit for 1 second, and the BPV3 error count on
the display is "4474*, +/-1.

BPV3 Errlnt= 474
Tx3->Rx3 Ins BPV3
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7. - Press Error Insertion "down arrow® key [5] again to light "PAR* LED.
- Press [EVENT] once to display "Par".
- Press [BURST] once 10 insert one burst of parity errors.

Hesult: the *PAR" LED is lit, and the Par error count on the display is incremented from
approximately "4474" (the value remaining from the *Bit* error insertion}, to ap-
proximately *8842".

Par ErrCnt= 8842
TX3->Rx3 Ins PAR3

8. - Press Error Insertion "down arrow” key {5] again to light *FRM" LED.
- Press [EVENT] once to display "Frm3".
- Press [BURST] once to insert one burst of Frame-bit errors.

Result: the *FRM" LED is fit, and the Frm3 error count on the display is approximately "30".

Frm3 ErrCnt= 30
¥x3->Rx3 ins FRM3

8. - Press Error Insertion *down arrow" key [5] again to light "AUX" LED.
- Bring up 'F3: 3/16" in the VIEW field by pressing [VIEW], using the Data Entry keys to make
the selection.
- Press [VIEW] again to "enter” the selection.
- Press {SINGLE] once to insert a single group of three-out-of-sixteen F-bit errors (which will
force the DS3 Rx framer out of frame sync).

Resuli: the "AUX® LED is lit, and the DS3 NO FRAME LED momentarily lights. The Frm3
error is incremented by 3 counts.

Frm3 ErrCnt= 33
TX3->Rx3 F3: 3/16

10. - Press Error Insertion *down arrow* key [5] again to light "ALM" LED.
- Bring up *DS3 AIS" in the VIEW field by pressing [VIEW], using the Data Entry keys.
- Press [VIEW] again to "enter the selection,
- Press [BURST] to insert a 1-second burst of DS3 AlS.

Resuit: the "ALM* LED is lit, the D83 AIS and red Pattern Sync LEDs momentarily light.

Frm3 ErrCnt= 33
Tx3->Rx3 DS3: AIS
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11. - Set the inserted alarm type to DS3 Idle by pressing [VIEW] (DS3 AIS now flashes with Data
Entry LED).
- Press Data Entry "up arrow® and bring up a flashing *‘DS3 IDLE".
- Press [VIEW] again to "enter* the DS3 IDLE selection {(no longer fiashing).
- Press [BURST] to insert a 1-second burst of DS3 IDLE.

Resuit: the DS3 IDLE and red Pattern Sync LEDs momentarily light.

Frm3 Errlnt= 33
Tx3->Rx3 DS3:IDLE

51.4 TS ->Re,
The Tx®,->Rx®, mode generates and receives:

- a properly framed and stuffed DS3 signal which contains:

- seven identical properly framed and stuffed DS2's, each of which contains:

- four identical properly framed or unframed DS1’s, each comprising a test pattern interleaved

with frame-bits (if framed)
The receiver drops a selected DS1 by first demultiplexing and destuffing a DS2 out of the received
D83 signal, then demultiplexing and destuffing a DS1 out of that DS2. The selected DS1 and DS2
are then analyzed for errors, etc. in a typical application, one or more of the 28 transmitted DS1’s
will be looped back and multiplexed into the received DS3 signal for analysis. In this case, the PF-
45 “tests* itself.

1. - Make the following setup with no DS3 patch cord:

[Tx/Rx} SETUP:

SET NEW MODE ({Set MNew Mode Page)
Tx31->Rx31

TX3:D8X Rx3:D8X (DS3 Setup Page)
Fre3:C-Par Clk3:Int

Code: AM] RxT:N/A (bS1 Setup Page)
Frm1:ESF  Clki:Int

Ptn:3-in-24 {Pattern Select Page)

ERROR INSERT:@051:00: (AUX Error Insert Select Page)
AUX ERR: Loopback

122 PF-45 Description and Operating Manual

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




[AUX/TIME] SETUP:

Test Duration: CONT.| (Yest buration Page)
(continuous)

- Press [ERROR] Measure.

- With [EVENT] key, bring up "Bit1*.

- With JANALYSIS] key, bring up "ErCnt== °,
- D81 channel default is #01

Result: Under Tx/Rx [1], the Tx PATTERN, DS3 C-PARITY, and DS1 ESF LEDs are lit.
Under Rx STATUS [3], the DS3 and DS1 NO SIGNAL, DS3 and DS1 NO FRAME,
and the DS1 red {no) PATTERN SYNC LEDs are lit.

Bitt Errlnt= o
Tx31:00->Rx31:01

2. - Connect DS3 Tx {11] to DS3 Rx [12] with the appropriate patch cord.

Result: Rx STATUS DS3 and DS1 NO SIGNAL, DS3 and DS1 NO FRAME, and DS1 red
PATTERN SYNC LEDs are extinguished, and the green DS1 PATTERN SYNC LED is
Iit.

3. Start measurement run by pressing [START/STOP] key [9].

Result: no errors should accumulate:

Bit1 ErrCnt= 0
Tx31:066->Rx31:01

PF-45 Description and Operating Manual 123

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



wooBluesie mmm | 308N0S-88 (888) | pesiuelens) - uonejuswnisu| Aljenp - dnolis) Abojouyda] uesiuy

5.2 CHECKOUT WITH ADDITIONAL PF-45

521 Tx,->Rxi

The Tx3§~> Rx1 mode is used to test a 3/1 demultiplexer, or any portion of a network that provides
that function. The second PF-45 acis as a 3/1 demuitipiexer, by accepting a D33 signal, and

demultiplexing a

DS1 from it

1. - Make the following setups:

Unit Under Test [Tx/Rx] SETUP:

SEY NEW MODE
Tx31->Rx1

Tx3:81
Frmd:M13

Rx3:N/A
CLk3:Iint

Code:AM] Rx1:Term
Frm1:D4/5F Clk1:int

Ptn:GRSS20

ERROR INSERT:aDS1:00
AUX ERR: Loopback

Second PF-45 [Tx/Rx] SETUP:

SET HEW MODE

MON31

TX3:0FF Rx3:H/1
Frm3:¥13  CLK3:N/A
Code: AN Rx1:N/A

Frml:D4/SF CLKT:N/A

Ptn:QRSS20

{Set New Mode Page)

(DS3 Setup Page)

{DS1 Setup Page)

(Pattern Select Page)

(AUX Error Insert Select Page)

(Set Hew Mode Page}

{DS3 Setup Page)

(DS1 Setup Page)

(Pattern Select Page)
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2. - On both units, press [ERROR] Measure.
- With [EVENT] key, bring up "Bit1*,
- With [ANALYSIS] key, bring up "ErrCnt= "
- On the second PF-45, DS1 default channel is #01

UUT Result:

Bit1 ErrCnt= g
Tx31:00->Rx1

3. - Connect the UUT DS3 Tx jack [11] to the 2nd PF-45's D33 Rx [12] jack with the appropriate
cable.
- Connect the UUT DS1 Rx jack [14] to the 2nd PF-45's Drop jack [33].
- Start measurement run by pressing [START/STOP] key.

Besult: The D81 green Pattern-Sync LED should be lit on both units, and no errors should
accumulate.

4. - Select a DS1 for error insertion from the UUT by pressing [MODE] (causing “00" to blink along
with the Data Entry LED).
- Select Channe! #01 with the Data Entry keys, and press [MODE] again 1o "enter* the value.
- Press Error Insertion *down arrow" key {5] to light the BIT LED,
- Press [SINGLE] 1o insert a single DS1 bit error.

Result: Since the 2nd unit is dropping out Channel #01 {the channel with the error inserted
into it), both the UUTand the 2nd PF-45 should count a single error in that channel.

Bitl ErrCnt= 1
Tx31:01->Rx1

S
oo Sy
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522 Txi->Rc,

The Tx*!—>Rx31 mode is used to test a 3/1 multiplexer, or any portion of a network that provides that
function. The second PF-45 acts as a virtual 3/1 multiplexer, by accepting a DS1 signal, and
providing a D83 signial with the identical DS1 pattern multiplexed into it

1. Make the foliowing setups:

Unit Under Test [Tx/Rx] SETUP:

SET NEW MCDE (Set New Mode Page)
Tx1->Rx31
TX3:0FF Rx3:H/L (pS3 Setup Page)

Frm3:M13  CU3:N/A

Code:AMI Rx1:N/A (DS1 Setup Page)
Frm1:D4/SF ClkIzInt

Ptn: QRSS20 {Pattern Select Page)

ERROR INSERT: aDS1| (AUX Error Insert Select Page)
AUX ERR: Loopback

Second PF-45 [Tx/Rx] SETUP:

i 1

SET KEW MODE {Set New Mode Page)
Tx31->Rx1%
TX3:HI Rx3:M/A {DS3 Setup Page)

Frm3:M13  Clk3:Int

Code:AMI Rxi:Term| {(DS1 Setup Page}
frmi:04/8F ClkizInt

Ptn: QRSS20 {Pattern Select Page)

ERROR INSERT:aDS1:000 (AUX Error Insert Select Page)
AUX ERR: Loopback
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2. - On both unils, press {[ERROR] Measure.
- With [EVENT] key, bring up *Biti*
- With [ANALYSIS] key, bring up "EnCnt= "
- On the UUT, the DS1 default channel is #01.

UUT Resutlt:

git1 ErrCnt= 0
Tx1->Rx31:01

3. - Connect the UUT DS1 Tx jack [13] to the 2nd PF-45's DS1 Bx [14] jack with the appropriate
cable.
- Connect the UUT DS3 Rx jack {12] to the 2nd PF-45’s DS3 Tx jack [11].
- Start measurement run by pressing [START/STOP] key.

Result: The DS1 green Pattern-Sync LED should be {it on both units, and no errors should
accumulate.

4. - Press UUT Error Insertion "down arrow® key [5] to light the BIT LED.
- Press [SINGLE] to insert a single DS1 bit error.

Hesult: The 2nd PF-45 shouid count a single bit error.

Bit? Errtnt= 1
Tx31:00->Rx1
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523 lntD&i31

1. - Make the following setups

UUT [Tx/Rx] SETUP:

SET KEW MODE {Set New Mode Page)
IntD&131
Tx3:R1 Rx3:H/L (DS3 Setup Page)

Frm3:M13  Clk3:lLoop

Code:AMI RX11N/A {DS1 Setup Page)
Frm1:D4/SF Clk1:Int

Ptn:2E15-1 {Pattern Select Page)

ERROR INSERT:2081:00| (AUX Error Insert Select Page)
AUX ERR: L.oopback

Second PF-45 [Tx/Rx] SETUP:

SET NEW MODE (Set New Mode Page)
Tx31->Rx31
Tx3:HI Rx3:H/L (DS3 Setup Page)

Frm3:M13 Cli3:int

Code:AM] RX1:N/A {DST Setup Page)
Frm1:D4/SF Clkl:int

Ptn:QRSS20 (Pattern Select Page)

ERROR INSERT:8DS1:00C| (AUX Error Insert Select Page)
AUX ERR: Loopback
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2. On both units:
- Press [ERROR] Measure.
- With [EVENT] key, bring up "Bit1*,
- With [ANALYSIS] key, bring up "ErCnt= .
- DS1 default channel is #01 on 2nd PF-45.
- On UUT, D31 channel is #00 {NO channel), so:
- Select an actual DS1 channel # by pressing [MODE] (causing *00* to blink along with the Data
Entry LED),
- Select the desired drop channel #, in this case *01%, with the Data Entry keys.
- Press [MODE] again to "enter" the channel selection.

Result:

Bit1 Errint= 0
IntD&131:01

3. - Connect the UUT DS3 Tx jack [11] to the 2nd PF-45's DS3 Rx [12] jack with the appropriate
cable,
- Connect the UUT D83 Rx jack [12] to the 2nd PF-45's D33 Tx jack [11].
Result; The D81 red Pattern-Sync LEDs should be lit.

4. - Change the UUT D81 channel number to #2.

Resuli: The 2nd PF-45's DS1 green Pattern-Sync LED is fit.
5. - Change the 2nd PF-45's DS1 channel number to #2.
Result: Both unit's DS1 red Pattern-Sync LEDs are [it.

6. - Change the UUT pattern to QRSS20.

. Result: Both unit's DS1 green Pattern-Sync LEDs are lit.

5.3 Maintenance
The PF-45 is a digital instrument, and as such, requires no routine maintenance.
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APPENDIX A: PCM TUTORIAL

A.1_DS1 INTERCONNECTION SPECIFICATION (DSX1): {according to ANSI standard T1.102-1987)

Line Rate:
1.544Mbit/s +/-32ppm

Line Code:
AMI: bipolar with at least 12.5% average ones density and no more than 15 consecutive
Zeros.
B8ZS: bipolar with Eight Zero Substitution. In the B8ZS line code any sequence of eight
consecutive zeros -0000 0000- is replaced by a 00 OVB OVB code. Here B represents a
normal bipolar pulse and V represent a pulse violating the bipolar rule (V has the same
polarity as the preceding pulse).

Termination;
One balanced twisted pair shall be used for each direction of transmission. The distribution
frame jack connected to a pair bringing signals to the distribution frame is an out-jack. The
distribution frame jack connected to a pair canrying signals away from the distribution frame
is termed the in-jack. (see Fig.4-9)

Impedance:
A test load of 100 ohms resistive +/-5% is used at the interface for the evaluation of pulse
shape and the remaining electrical parameters.

Pulse Shape:
According to template below, the ampiitude shall be between 2.4 and 3.6 volts measured at
the center of the pulse and may be scaled by a constant factor to fit the template.

Power Level:
For new equipment, for an all ones pattern, the power in a band of < 3kHz centered at
772kHz shall be between 12.6 and 17.9 dBm, and at 1544kHz the power shall be at least
29d8 below that at 772kHz.

Pulse Imbalance:
There should be < 0.5dB difference between the total power of the positive pulses and of
the negative pulses.

Cable Characteristics:
Reference cable for DSX1 is 655 feet of multipair 22 AWG PIC (22 AWG ABAM) construction
with overall outer shield.

Test Access:
High impedance bridging monitor access should be provided across the out-jacks of the
DSX as shown in Fig.4-9. For DS1 the bridging circuit consists of 432 chms +/- 5% resistors
connected to tip and ring.
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NORMALIZED AMPLITUDE

1.5

1.0 p=
0.5 —
00 — —
-0.5 |
-1.0 U i | | ! l
-4.0 -05 0.0 05 1.0 1.5

TIME, IN UNIT INTERVALS

DSX~41 PULSE TEMPLATE CORNER POINTS (NEW EQUIPMENT)
MAXIMUM CURVE

ONIT -lr!\iﬁgRVALS -77|-39}-27|-27|-12|0.0| 27| 35 |.93 |1.16
NORMALIZED | 051 05[.8 [145{145 |105105|-07|.05 | .05
MINIMUM CURVE
UNETTILEPIEERVALS_'?? -23}-23-15 00| .15 | .23].23 |.46|.66[.93 |116
NORMALIZED |.0s|-05| 5 | 95|95 | .9 | .5 |-45[-45|-2 |-05|-05

Figure A-1: DSX1 Isclated Pulse Template and Corner Points
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A2 DS3 INTERCONNECTION SPECIFICATION (DSX3): (according to ANSI standard T1.102-1987)

Line Rate;
44,736Mbit/s +/-20ppm

Line Code:
B3ZS: bipolar with three-zero Substitution. In the B3ZS line code any sequence of three
consecutive zeros -000- is replaced by BOV or 00V where B represents a pulse conforming
with the bipolar rule and V represents a pulse violating the bipolar rule, The choice of BOV
or 00V is made so that the number of B pulses between consecutive V pulses is odd,

Termination:
One coaxial line shall be used for each direction of transmission. The distribution frame jack
connected to a pailr bringing signals to the distribution frame is an out-jack. The distribution
frame jack connected to a pair carrying signals away from the distribution frame is termed
the in-jack.

Impedance;
A test load of 75 ohms resistive +/-5% is used at the interface for the evaluation of pulse
shape and the remaining electrical parameters.

Pulse Shape:
According 1o template below, for an isolated pulse, the amplitude shall be between 0.36 and
0.85 volts peak, measured at the center of the pulse, and may be scaled by a constant
factor to fit the template.

Power Level:
For an all ones pattern, the power in a band of < 3kHz centered at 22.368MHz shall be
between -1.8 and +5.7 dBm, and at 44.736MHz the power shall be at least 20 dB below that
at 22.368MHz.

Cable Characteristics:
Reference cable for DSX3 is 450 feet of 75 ohm coaxial cable with tinned copper shield (WE
Co. 728A coaxial cable),

Test Access:
Monitor access should be provided. Signal level at the monitor point shall be more than a
nominal 20 dB below the main signal level at the DSX3.
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NORMALIZED AMPLITUDE

1.2

1.0 |-
0.8 |-
0.6 |-
0.4
0.2
0.0
-0.2 U | 1 | 1
-1.0 -05 0.0 0.5 1.0 1.5
TIME , IN UNIT INTERVALS
DSX~3 PULSE TEMPLATE BOUNDARIES
TIME NORMALIZED
CURVE | NIT INTERVALS AMPLITUDE
T <-0.68 0
MAXIMUM | _ $inT (44— — ]
AXIMY 068<T<036 | 05 [4+u S (+5ar)
0.36<T 0.05+0.407¢"1-84(T-038)
T <-0.36 0
MINIMUM | —026<T<028 | 05 [1+sin~’-2r-(4+-(%§)}
CURVE -
028<T 0.14e~342(T-0.3)

Figure A-2: DSX3 isolated Pulse Template and Equations
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A3 DS1 FRAME FORMAT:
DS1 is created by time-division-muttiplexing (TDM) 24 64kbit/s channels into a single 1.544Mbit/s
data stream. Each channel is provided with an 8-bit time-siot 8000 times per second. Channel
identification (recovery) is made possible by the use of added-bit framing. Prior to the start of the
first time-siot (of 24), an extra bit is added to the signal. This bit is toggled in a pattern that
identifies it as the *frame bit". A frame consists of a single frame-bit followed by 24 8-bit words. [1 +
{24 x 8)] = 193 bits/frame. The frame rate is 8000 frames/sec, s0:

(193 bits/frame x 8000 frames/sec = 1.544 Mbit/sec).

Superframe (D4) format:

DS1 8F groups 12 frames together as a superframe in order to provide two signaiing channels, A
and B. Frame bits for the odd-numbered frames contain an alternating 1-0-1-0 pattern that is
suitable for fast frame acquisition. Frame bits for the even-numbered frames contain a pattern that
points to the sixth and twelfth frames. The pattern is made up of groups of three zeros followed by
three ones. The pattern is phased so that the first occurrence of a one, after three zeros, always is
the frame bit for frame 6 (channel A}, and the first occurrence of a zero, after three ones, is the
frame bit for frame 12 (channel B). This is summarized in the table below.

FRAME | TERMINAL STGNALING INFORMATION SIGNALING SIGNALING
NUMBER | FRAMING Fy FRAMING Fq CODING BITS BIT CHANNEL

1 1-8 -
- 1-8 -
0 1-8 -
1-8 -
1-8 .
1 1-7 ' 8 A
1-8 -
1-8 -
1-8 -
1-8 -
0 - 1-8 -
1-7 8 ]

]
[on T | <o &

L
1

WO s U P D AN e
[ bt
— )
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L

L el
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1
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Figure A-3: DS1 Superframe Format
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Extended Superframe format;

Improvements in integrated circuit technology have made it practical to reduce the density of
framing bits that are required to quickly achieve frame/multiframe synchronization, The extended
superframe format uses only 1 out of 4 overhead bits to achieve sync, and uses the remainder to
provide an error-detecting checksum {CRC-6) and a 4 kbiys data link.

End-to-end error detection for ESF is provided via the CRC-6 cyclic redundancy check. During each
supetframe, the bitstream is processed o derive a six-bit checksum. This checksum is transmitted in
the six C-bits in the following superframe. ldentical processing takes place at the receiver, after
which the two checksums are compared. 100% of all superframes with single errors are detected.
While overall, 98.4% of all superframes containing transmission errors will be detected.

The chart below summarizes the use of the frame bits in the ESF. Notice that its superframe
consists of 24 frames versus 12 for SF and that one 6-bit pattern is used for both frame and

multiframe sync. Up to four signaling bit channels are available, though their use is system-
dependent.

ESF _ F BITS 81T USE IN EACH SIGNALING BIT

CHANNEL TIME SLOT USE OPTIONS

FRAME NO.IBIT MO. | Fy DL CRC TRAFFIC SIGNALING Tizi4]16

1 0 - m - BITS 1-8

2 193 - - 1 81TS 1-8

3 388 - m - BITS 1-8

4 579 0 - - BITS 1-8

5 772 - m - BITS 1-8

5 965 - - 2 BITS 1.7 BIT 8 ~PATATA

7 1158 - m - BITS 1-8

8 1351 0 - - BITS 1-8

9 1544 - m - BITS 1-8

10 1737 - - ¢3 BITS 1.8

11 1930 - m - BITS 1-8

12 2123 1 - - BITS 1-7 317 8 -iaiBlB

13 2316 - m - BITS 1-8

14 2509 - - o] BITS 1-8

15 2702 - m - BITS 1-8

16 2895 0 - - 3175 1-8

17 3588 - " - 8ITS 1-8

18 3281 - - cs BITS 1-7 81T 8 -alaic

19 3474 - m - 3ITS 1-8 '

20 3667 1 - - BITS 1-8

2! 3860 - m - 31TS 1-8

22 4053 - - c6 3ITS 1-8

23 4246 - o - BITS 1-8

24 1339 i - - TS 1.7 3IT 8 -ialelo

Figure A-4: DS1 Extended Superframe Format
138 PF-45 Description and Operating Manual

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




D51 Alarms:

NO —X > DSt pron————3> A1S (ALL ONES)
SIGNAL RETWORK
EQUIPMENRT
YELLOW < (full duplex)|< UNIMPAIRED DS1 .
ALARM

DS1 network equipment upon detection of a loss of signal, or a loss of synchronization on an
incoming DS1 line, will declare a carrier failure alarm to the operating system and will insert ajlarms
in both direction of transmission for the DS1, The figure above shows two DS1 lines that form one
full-dupiex 24 channel system. The incoming line on the left side is faulty, in this case producing a
loss-of-signal status at the Network Equipment. The N.E. responds to this by replacing the lost
signal with the ail ones AIS (or keep-alive) signal. This maintains network timing and prevents the
downstream terminals from also declaring alarms. In the upstream direction from the fault, a yeltow
alarm {remote alarm) is sent. In SF systems this is done by setting bit 2 in each 8-bit channel time
siot to "0". In ESF systems this is done by sending a repeated "eight 1's followed by eight 0’s” in
the 4-kbit/sec ESF data link.

A.4 DS2 FRAME FORMAT:

The DS2 6.312 Mbit/sec signal is formed by combining four DS1 signals, and adding control bits,
The four DS1’s are bit-interleaved, with the 2nd and 4th DSt’s inverted. A control bit is inserted
between every block of 48 bits (12 bits from each DS1). The position of all control bits is marked by
the F-bits which have a repeated 1-0-1-0 pattern for quick identification. Further differentiation of
control-bits is made by identifying the M-bits, which have a repeated 0-1-1 pattern. M4 is used as a
“condition-indicator* bit, and is not used for frame synchronization.

The remaining control bits are the C-bits which are used as *stuff-indicators”. Stuffing is necessary
when multiplexing 4 DS1's to DS2. Since the DS1's may not be at exactly the same average bit-
rates, they are all forced to an artificially-high (but equal) bit-rate by inserting *stuff-bits® in their data
streams. There are four time-siots available for stuff bits in each multiframe, one time-siot for each
DS1. If the slot contains a "stuff-bit* the three C-bits in that row are set to *1's*, if it contains a DS1
data bit they are set to "0’s*. On the receive end a majority vote is taken of the three C-bits of each
row to determine whether or not the *potential* stuff bit in that row was stuffed, or is a DS1 data bit.
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) M - FRAME
h 1176 BITS +
293 293 293 293
M1 BITS M2 BITS M3 BITS X 8ITS
]
I b,
i ———
! T e
1 ————
} e
L FIRST M - SUBFRAME " |
I 254 BITS "
48 48 48 48 48 48
M e | S o [ ] inFo [ €2 nro | €3 InFo | P21 inFoO

M1-SUBFRAME

M2-SUBFRAME

M3-SUBFRAME

M4-SUBFRAME

NOTES:

M - FRAME OVERHEAD BIT SEQUENCE
24 OVERHEAD BITS OCCUPIES SEQUENTIAL OVERHEAD BIT POSITIONS AS FOLLOWS!

AN

STUFF SLOCK

M1, ©1, Fi, €2, C3, F2.
Mz, C1, R1, ©2, C3. F2,
Ml C1, F1. €z €3, Fz,
X. ©i. Fi, €2 €3, Fz
4 STUFE BLOCK P>
STUFF | INFO | INFO | INFO | INFO INFO
F2 i@ty | eIT2 | 8im3 {Bime | BITS BIT 48
INeo | sTUure| INFO | INFO | INFO INFO
FZ w71 iBiT2 | BT | 8IT4 | BITS BT 48
INFO | INED | STUFF| INFO | INFO INFO
F2 igry ezl erslare]eTs BIT 48
INEo | INFO | mFO | sTuPE| NFO INFQ
F2 dmimt i T2 | BIT3 | BIT4 | 8ITS 81T 48

1. THE M - ZRAME ALIGNMENT SIGNAL IS M1 = 0, M2 = 1, AND M3 = 1.

2. THE M - SUBFRAME ALIGNMENT SIGNAL IS Ft = 0 ANDF2 = 1.

3. THE C!, C2. AND C3 BIT POSITIONS ARE AVAILABLE FOR APPLICATION
SPECIFIC USE.

4. IN THE 12 MULTIPLEX APRLICATION, STUFFING FOR 1 TH BS1
CHANMNEL OCCURS IN M - SUBFRAMES |. IN THE 1TH INFORMATICN
BIT OF THE LAST BLOCK. THE C - BITS OF THAT M - SUBFRAME
ARE SET TO C1 = €2 = CJ = 1 IF STUFFING OCCURS, OR
C1 = £2 = C3 = 0 INDICATING NG STUFFING.

Figure A-5; DS2 Frame Format
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A5 DS3 M13 FRAME FORMAT:

The DS3 44.736Mbit/sec signal is formed by combining seven DS2 signals, and adding control bits.
The seven DS2's are bit-interleaved. A control bit is inserted between every block of 84 bits (12 bits
for each DS2). The position of all control bits is marked by the F-bits which have a repeated 1-0-0-
1 pattern for quick identification. Further differentiation of control-bits is made by identifying the M-
bits, which have a repeated 0-1-0 pattern. The two X-bits are used as condition indicators, and in
order not to mimic the M-bit pattern they, as well as the two P-bits, must always have the same
value. The two P-bits are used to transmit parity from the previous multiframe. If the parity count of
the information bits from the previous multiframe is odd, then the two P-bits are set to "1 If the
parity count was even, they are set to *00". Using the P-bits, D33 receivers can monitor for any
multiframe containing an odd number of data-bit errors.

The remaining control bits are the C-bits which are used as *stuff-indicators®. Stuffing is necessary
when multiplexing 7 DS2's to DS3. Since the DS2’s may not be at exactly the same average bit-
rates, they are all forced to an artificially-high {but equal} bit-rate by inserting "stuff-bits* in their data
streams. There are seven time-slots available for stuff bits in each multiframe, one time-slot for each
Ds2. If the slot is stuffed, the three C-bits in that row are set to *1's", otherwise they are set to *0's",
On the receive end a majority vote is taken of the three C-bits of each row to determine whether or
not the *potential® stuff bit in that row was stuffed, or is a DS2 data bit.

A.6  DS3 C-PARITY FRAME FORMAT:

The C-Parity frame format has the same overhead structure as the M13 format, which ailows it to be
transported over any DS3 facility. Within the frame structure however, the meaning of the C-bits is
different. This in turn means that the C-Parity format can only be created by special *C-Parity"
multiplexers, and can be terminated only by "C-Parity® demultiplexers. These multiplexers and
demuttiplexers work between DS1 and DS3, and have no DS2 appearances. This is because in G-
Parity format, the 'DS2* level is non-standard. Since standalone DS2 is seldom used in modern
networks, this is not a problem.

Unlike M13 format, which uses two levels of dynamic stuffing to multiplex DS1 to DS3, C-Parity
format uses one level of dynamic stuffing (from DS1 to a non-standard DS2) and one level of fixed
stuffing {from the non-standard DS2 to DS3). In the first step, four 1.544 Mbit/s channels are
multiplexed together to form a pseudo DS2 at nominal frequency of 6,306 Mbit/s. In the second
step, seven pseudo DS2 channels, each at 6.306 Mbit/s are multiplexed together to form the DS3
signal, during which, all seven stuff time-slots are stuffed at every stuffing cpportunity. By using fixed
stuffing from DS2 to DS3, the DS3 C-bits become free for other uses,
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The primary use of the G-bits is to provide a second parity channel called *Path-Parity" or simpiy,
*C-Parity". Typically, network equipment that monitors P-bit parity also recalculates and transmits
non-errored P-bit parity, so that error performance can be determined on a section-by-section basis.
A second parity channel (using the 3 C-bits of M-subframe (row) 3} is created by the originating
network equipment, but is not "cleaned-up* along the path. The 3 C-bits are set to the same value
as the 2 P-bits by the originating equipment, and is evaluated in the same manner. This gives the
network terminating equipment the ability to monitor the D83 error performance along the entire
D83 path.

A second use of the C-bits is 1o provide a transmission path for far-end performance messages. In
this case, when a network terminating equipment senses a C-Parity or framing error, it transmits a
Far-End-Block-Error *FEBE" back to the originating equipment using the 3 C-bits of M-subframe

(row) 4. If no parity or framing error is detected on the received signal, the 3 bits are set = *“111* If
there is an incoming error, they are set not equal to *111* This allows both ends of the DS3 path to
monitor full-duplex performance.

The first C-bit of M-subframe (row) 1 is used to indicate that the D33 is in C-Parity format. If this bit
is a constant *1°, then the signal is C-Parity. For M13 format this bit toggles at the stuffing rate of
DS2 #1, and for DS3 AIS, it is a constant 0",

The remaining C-bits have been reserved for network data links.
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M FRAME

CONTROL BIT SEQUENCE ~EACHCONTROL BIT OCCUPIES BIT POSITIONS

X,F1,CB,FO,CB,FO,CB,FY, X,F1,C8,FO,CB,FO,CB,F1, P,F{,CB,FO,CB,FO,CB,F1, P,F1,CB,FO,CB,FO,CB,F1,

MG, F1,CB,FO,CB,FO,CB,F1, M1,F1,CB,FO,CB,FO,CB,F1, MO,F1,CB,FO,CB,FO,CB,F1. .

Notes:

{1)  The frame alignment signal is FO=0 and Fim},

{2) MO Mt MO is the multiframe slignment signal and appears in the Sth, 6th, and 7th M subframes, MO=0 and Mi=|.

(3)  CB designates a bit position available for control or service bits.

Figure A-6: D33 Frame Format
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B.1  OVERVIEW
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B.1 _OVERVIEW

The PF-45 may be optionally equipped with a general purpose communications interface. This
feature provides computer control of the PF-45 settings, and computer access of the PF-45
measurement results. The interface consists of a plug-in PC Board and supports two modes of
operation: |IEEE-488 (GPIB), and R3-232 C.

The VIEW field on the front panel will show "REMOTE" when the unit is under remote control {unless
the field contains Error Insertion data). When the unit is under remote control the front panel
indicators will be fully operational and the front panel switches will be disabled.

The interface is configured via on-board switches. See Section B.1.1,

Under Remote Control, the PF-45 behaves much like it does under manual control. Setup command
strings are sent to the PF-45. These select the SETUP parameters that are desired. Measurement
results are requested by sending the desired [EVENT] and [ANALYSIS] parameters.

nstrument operation, and the set of Command Strings are essentially identical for both IEEE-488
and RS-232. Some extensions have been added to the basic command set to allow YIEEE-488-like"
status responses via RS-232. These differences are described in detail in section B.4.2 "RS-232
Command Extensions®.

B.1.1 PC Board Configuration

The communications board has two dip switches labeled 81 and S2. These switches configure the
interface for the desired operation. The functions of these switches are as foliows:

CLOSED = 1
OPEN =

$1 :
1 2 3 4 5 & 7 8

1EEE IEEE IEEE IEEE |SR@ 1 JANSWR 1|ERROR 1|RS232 1
ADDRS | ADDRS | ADDRS ; ADDRS [NONE O {NONE O|NONE O|IEEE 0

Lsg G...15 M$B

BAUD BALD BAUD STOP/ | STOP/ | STOP/ |ECHO 1| UNDEF
RATE RATE RATE DATA DATA DATA {NONE O
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51 Switches 1..4: IEEE Address

1 2 3 4 Address
0 0 0 0 Systemn Controiler Only
1 0 0 0 1 Defautt
0 1 0 0 2

1 1 0 0 3

0 0 1 0 4

1 0 1 0 8

0 1 1 0 6

1 1 1 0 7

0 0 0 1 8

1 0 0 1 9

0 1 0 1 10

1 1 0 1 H

0 0 1 1 12

1 0 1 1 13

0 1 1 1 14

1 1 1 1 15

81 Switch 5: SRQ

Setting this switch to 1 (Closed) allows the PF-45 to generate a service request, See section B.2.3
IEEE-488 STATUS BYTE.

S§1 Switch 6: ANSWR

Setting this switch to 1 {Closed) allows the PF-45 to answer an incoming call. if a modem is
connected to RS-232 port the ring indicator R signal is monitofed, when detected the instrument
will set DTR and attempt to establish a communications link. Commands may now be sent, and
data received. In order for the PF-45 1o remain active, the operator must send commands at least
every *60 seconds. Should commands fail to come in at this rate, the PF-45 will automatically
disconnect. Should the operator desire to disconnect, the command *BYE should be sent.

* After a local print (Print on PF-45 printer) timeout is extended to 120 seconds.

S1 Switch 7: ERROR

The Error-Check Mode is activated when Switch $1.7 is set ON. The PF-45 then expects the
incoming RS-232 strings to be in the format shown below. The transmitted results from the PF-45
are sent in the normal format.
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PF-45 Receive Data Format:

BYTE CONTENTS

1 #Bytes Total: O0H..FFH {Hex, not part of checksum)
2..X Message (ie: *E0000,9

X+1 D7..D0 Checksum Low Byte (O0H..FFH)

X+2 D15.D8 Checksum High Byte (OOH...FFH)

X+3 Carriage Return {not part of checksum)

X+4  Line Feed (not part of checksum)

S1 Switch 8: IEFE/RS-232

Setting this switch to 1 (Closed) enables RS-232 mode. 0 (open) is the default mode GPIB/IEEE-
488.

S2 Switches 1...3: RS-232 BAUD RATE

Desired BAUD Rate: Sz i 2 3

110 0 ¢ 0

300 1 0 0

1200 0 1 0

2400 1 1 0 Default

4800 0 0 1

a600 1 0 1

Test use only 1 1 1

52 Switches 4...6: STOP/DATA

N = No Parity

E = Even Parity *
0 =oddPaity
Format: Parity?, #Data Bits, #Stop Bits

Selection: 82 4 5 3]

N,8,1 0 0 0 Default

E. 7.1 i 0 #]

0,7,1 0 1 0

N,8,2 1 1 0

N,7,2 0 0 1

Undefined 1 0 1

Undefined 0 1 1

Undefined 1 1 1
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52 Switch 7: ECHO

Setting this switch to 1 (Closed) will force the RS-232 interface to echo characters back to the
sending device. This is commonly known as FULL DUPLEX mode. Default Echo.

B.2 IEEE-488 (GPIB)

B.2.1 |EEE-488 Implementation

The IEEE 488 option is a talker/listener, with no controller functions. The following functions are
implemented:

SH1  Complete source handshake
AH1  Complete accepter handshake

T8 Basic talker, serial poll, unaddress if addressed to listen
TEG  No extended talker capabiiity
L4 Basic listener, no listen only, unaddress if addressed to talk

LEO  No extended listener capability

SR1  Complete service request capability

Ri.1 Complete remote/iocal capability

PPO  No paraliel poll capability

DC1  Complete device clear capability

D11 Complete device trigger capability (equal to string *K0,"
Co No controller capability

E2 Tri-state drivers are used on DIO lines

Device Clear: Sets PF-45 to Tx3->Rx3 mode, Tx3:HI, Rx3: H/L, Frm3:M13, Clk3:Int, Ptn:2E15-1, AUX
ERR: D83 Fbit, Puts PF-45 into Remote state.

Hemote: Always use |[EEE "Remote’ command (or *Device Clear*) to enter the remote state.

Local Lockout: When in the remote state, the PF-45 front panel pushbuttons are always disabled,
Local control can be achieved using the IEEE *Local* command, or by turning the power off then
on.

Power-On Status: Under {EEE control, the PF-45 powers up in the same manner as in manual.
However, the PF-45 always powers up under manual (LOCAL) control. When this happens, the IEEE
Status Byte is correctly set with D7 = 1, and if SRQ is enabled, a Service Request is transmitted.
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Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




Note on IEEE-488 Timeout.

The PF-45 processes and acts on setup commands as soon as they are received. While it is
performing the setup it will not accept another command over the IEEE bus. In general, this process
is very fast, but certain commands, such as the *S-string" which reconfigures the entire PF-45, may
take upwards of 0.33 seconds. If the I[EEE timeout has been set for this time or shorter, the IEEE
bus-controlier will timeout,

Recommendation: SET IEEE-488 TIMEQUT TO APPROXIMATELY ONE SECOND MININMUM!

B.2.2 |EEE-488 Status Byte

The PF-45 responds to a Serial Poll by sending the Status byte to the controller. The bits of the
Status byte are organized as follows:

D7 Power On Reset

D6 SRQ (Service Request)
Ds Command Error

D4 End of measurement
L3 Hardware Error

D2 Execution Error

D1 Measurement Alarm
Do Operation Complete

Each of the bits of the Status byte will be ON (1) after the designated event has occurred, and will
be seff-clearing. (They will return to the OFF (0) status after the Status byte is sent.)

Power On Reset {D7): indicates that a Power On Reset condition has occurred (the instrument has
been powered-up ) since the last Serial Poll.

SRQ (D6): indicates that the PF-45 has issued a Service Request because one or more of the
following conditions has occurred. Note that a Service Request will not be issued if $1/5 = 0, e
the Service Request is disabled.

Power On Reset Hardware Error

Command Error Measurement Alarm
Execution Error Operation Complete

End of Measurement

Command Error (D5); indicates that the PF-45 has received an unrecognizable command.

End of Measurement (D4): indicates that the PF-45 has completed a timed measurement,

Hardware Error (D3} indicates that a hardware failure has occurred in the PF-45,
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Execution Error (D2): indicates that the PF-45 has received a command for an impossible
combination of settings. }%

Measurement Alarm (D1): indicates that a condition which might effect the accuracy of the
measurement has occurred, Note that any of these events will cause a Measurement Alarm oniy if it
has been selected by the Interrupt Select command.

Operation Complete (DO): indicates that the last operation has been completed, such as data
requested by a Send Measurement Result string is ready 1o be sent, or an
Error Insertion Burst has finished,

B3 RS-232

The RS-232 port provided on the PF-45 Option is a simple asynchronous communication interface
configured as a DTE. It uses a nine pin *D* type connector. Various Baud Rates/Bit Combinations
are supported. A modem may be connected for dial up applications.

Interface: 9 Pin D-Type Male
Standard Bi-Directional Serial,

Pinout: DTE

Handshake:  Xon/Xoff

Modem: Answer (When Enabled).
Echo: On or Off

Baud Rates:  110,300,1200,2400,4800,9600

Bits: N,8,1/E.8,1/0,8,1/N,8,2/N,7,2

Format: Parity, Data Bits, Stop Bits

N =  No Parity

E =  Even Parity

0 Odd Parity

Pim: Signal:

1 NC

2 Receive Data Required

3 TX Data Required

4 DTR (Set after RI true).

5 Signal Ground Required

6 D8R (Data Set Ready).

7 RTS (Request to Send).

8 CTS (Clear to Send).

9 Ri (Ring Indicator). Required (Modem answer oniy)
8 PF-45 Description and Operating Manual: Appendix B
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Modem use

PF-45 will support the use of a dial up modem. The signal DTR is used to take the modem off
hook. If enabled (S1 POS 6) upon detection of signal Rl (Ring Indicator) DTR is set true.
Commands must be sent to PF-45 at least every 60 seconds for it to hold DTR. Disconnect with
the command *BYE. Note: Modem should not echo characters back to PF-45,

Notes:
- All commands are acknowledged by a STATUS message
Example: STATUS = 4
- Controller must wait for STATUS message before sending next command.
- Controller must put the PF-45 in REMOTE before sending any command.
- Since sending "E* or "M* commands will result in a STATUS message, make sure to read
the STATUS message before reading the resuits.

B.4 PROGRAMMING

Available Functions

Under manual control, setups and measurements are selected by scrolling through the available
choices shown on the PF-45 display. Only "available® choices can be made, since unavailable or
inappropriate choices are not offered. The remote control Command Strings however, offer complete
lists of all setups and measurements, and for any given Mode or setup configuration not all of these
are valid.

Command structure _

Every command starts with one of the letters (ASCIl) defined in the identifier list below. It is then
followed by a string of one of the following (ASCIl) characters "0 123456780 :; < = > 7
and is ended by a delimiter *,*. Each command string must always be sent in its entirety. Send one
command at a time. DO NOT CONCATENATE COMMANDS!

Delimiter

Every command must end with a comma, which is the only character recognized by the PF-45 as a
proper delimiter. The Carriage Return character (OCH), the Line Feed character (OAH), and the
Space character (20H) are not recognized as delimiters, and are ignored. Therefore, *C12,* and *C
1 2 " are recognized as the same command.

Programming Errors

Syntax errors, such as command strings with the wrong number of characters, or lacking a valid
"letter prefix, or any other non-valid string, are unrecognizable by the PF-45. This will cause a
Command Error in the STATUS byte, and will load *Command Error* in the IEEE-488 output buffer.
For R8-232, "Command Error* is automatically returned to the controller.

Sending a syntactically-correct string at the wrong time, such as asking for DS3 Frame Errors in
MON1 mode is recognizable by the PF45, but cannot be performed. This will cause an Execution
Error in the STATUS byte, and will load *Execution Error* in the IEEE-488 output buffer. For RS-232,
*Execution Error* is automatically returned to the controller.
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B.4.1 Command Strings

Identifier list:

Ratio/Burst Length string
Error Insertion string

DS1 Dropped-Channel Select string
Date Setup string

= Error Measurement string

= D81 Error Insert Channel Select string
= Interrupt Select string

K = Trigger string

L = LED STATUS string

M = RxSTATUS Measurement string

= Display string

Print string

Measurement Run Time string

= Setup skring

Real-time Clock string

A

B

c
D
E
G
i

~- Wy 2z
i

10
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[A] Error Insertion Ratio/Burst Length String

XTIX2IX3 X4 {XSIX6| ,

S

Identifier: Set Ratio/Burst 4
Mantissa
Exponent
Burst length mS (Thousands)
Burst length mS (Bundreds)
Burst length mS (Tens)
Burst length mS$ (Ones)

Delimiter
Mantissa (Ratio) X1: 1,2 or
Exponent (Ratio) X2: (2.9
Burst Length X3 X4 X5 X6: 0001 ... 6000 {mS)

X1 X2 = 00 Selects "Exi2*

Sample |IEEE command (HP-BASIC for HP-85):
10 OUTPUT 701;"A130500," IThis sets the Error Insertion Ratio to 1E-3,
and the Burst Length to 500mSec.

2
E"g*
3

i
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IB] Error Insertion String

ldentifier: Insert Error /

8 1

X

2

X3ix4i ,

Error type

Offset

AUX subtype
Single,Ratio,Burst
Delimiter

Error Type (X1)

Offset (X2)

Aux Subtype (X3)

X1: 0 = No Error X2z --- X33 ==
Xt: 1 = BIT X2; --- X3 ---
X1: 2 = BPY X231 ww- X5: --~
X1: 3 = CRC/PAR X2: 0 = Parity X3; ---
X2: 1 = C-Parity X3; ==~
X2: 2 = FEBE X3: ---
X2: 3 = CRC X3z wnn
X1: & = FRM X2: 0 = Frm3 X3: -
X2: 1 = Frm2 X3: wwn
X2: 2 = Frml X3: ---
COX1: 5 = AUX X2: 0 = Loopback X3: 0 = CSU Up
X3: 1 = CSU Dn
X3: 2 = NI Up
X3: 3 = NI bn
X2: 1 = DS3 Fbit X3: 0 = 2/2
X3: 1= 2/3
X3: 2 = 3/3
X3: 3 = 3715
X3: 4 = 3/16
: X3: 5 = 3517
X2: 2 = DS3 Mbit X3: 0 = 1/%
X3: 1= 2/2
X3: 2= 2/3
X3: 3= 3/3
X2: 3 = D3 Xbit X3: 0= 00
X3: 1= 0%
X3: 2 =10
X2: 4 = DS3 Chit ¥3: 0 = Colt
X3: 1 = col2
X3: 2 = Col3
X2: 5 = DS2 Fhit X3: 0= 2/6
X3: 1 = 2/5
X3: 2 = 2/4
X3: 3 = 3/3
X3: 4 = 272
X2: & = DSZ ¥bit X3: 6 = 1/1
X3: 1 = 242
X3: 2 = 2/3
X3: 3 = 3/3 R
X2: 7 = D82 Xbit X3: 0 =0
X2: 8 = DS2 Cbit X3: 0 = Ccolt
X3: 1 = col2
X3: 2 = Col3
X2: 9 = DS1 Fhit X3: 0 = Ft 2/6
X3: 1 = Fr 2/5
X3: 2 = Ft 2/4
X3: 3 = Fs 2/4
X3: 4 = Fts 2/4
12 PF-45 Description and Operating Manual Appendix B
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X1: 6 = ALM X2: 0 = D83 AlS X3: ---
X2: 1 = DS3 IDLE X3: ---
) X2: 2 = DST AlS X3: ---
b X2: 3 = DSY YELLOW X3: ---
X2: 4 = DS3 X=00 X3: ---
X2: 5 = D82 X=0 X3: ---
X4: 0 = No Error
1 = Single Error Insert
2 = Ratio ON
3 = Ratio OFF
4 = Burst Error Insert

- means value of character is disregarded {don’t carel.

Sample [EEE command (HP-BASIC for HP-85):
10 OUTPUT 701;"B5621," IThis sends a single group of 2/3 DS2 M-bit errors.
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IC] DS1 Dropped-Channel Select String

Use this to select a dropped DS1 (channel) number. This can only be selected in Mode #
02,04,07,10,11, 12, and 13. (Be sure to send both digits since a command such as *C2,* is illegal.
Select Channel 2 with "C02,"}

clx1|x2i,

Identifier: Select Channel —J
Tens digit
Cnes digit
Delimiter

X1 X2 = G0 through 28
D81 channel 00 will select NO dropped DS1.

Sample I[EEE command {HP-BASIC for HP-85):
10 OUTPUT 701;*C14,* iThis selects DS1 #14 for analysis.

14 Pr-45 Description and Operating Manual: Appendix B
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[D] Date Setup String

identifier: Set Date
Month (Tens}
Month (Ones) T
pay (Tens) L
Day (Ones)

Year (Tens)
Year (Ones)
pelimiter

X1 %X2: 01 - 12
X3 X6 01 - 3
X5 X6: GO - 99

Sample |[EEE command (HP-BASIC for HP-85):
10 GUTPUT 701;*D010100," IThis sets the date to January 01, 2000,
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[E] Error Measurement String

The entire 20-character top line of the display is sent. Following the last of the 20 ASClI data
characters is a Line Feed character (DAH). The PF-45 also sends an EO! (End or Identify) along with
the Line Feed character. Therefore, the controller can terminate data reception on either the ECI
command or the Line Feed character, when reading the measurement result display.

EEX1[X2|X3iX4

Identifier: Send Measurement Result -l
Event (Tens)
Event (Ones)

Analysis
Threshold
Delimiter
X1 x2; 00 = Bit3
o = Bitt
02 = BPV3
03 = BPV1
04 = Par
05 = C-Par
06 = FEBE
o7 = *CRGC  (DSVU/ED)
08 = Frm3
09 = Frm2 (DS2/DS2E)
10 = femt  (DS1/ET)
11 = Par2 (DS2E)
X3: o = Errcnt
1 = DrbCnt
2 = CurBER/MaxBER
3 = AvgBER
[ = PrbBER
5 = ErrSec
& = * Threshold Errsec
7 = %EFS
8 = Err/S/MaxEs
X4 H] = <E-6ES
1 = >E-6ES
2 = <g-5ES
3 = >E-5ES
4 = <E-4ES
5 = >E-4ES
6 = <E+3ES
7 = >E-3ES
8 = SE-2E8
9 = YE-1ES
H = SES

*F X1 X2 = 07 {(CRC), and X3 = 6 (Threshold ErrSec}, "SES* is by default the selected
measurerment, and the value of X4 is *don’t care".

Sample IEEE command (HP-BASIC for HP-85):

10 OUTPUT 701;"E0868," IThis selects the ERROR MEASUREMENT display category,
land sets the [EVENT] to Frm3, and the [ANALYSIS] to
>E-2 Threshold Errored Seconds.
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{G]1.DS1 Error insert Channel Select String

) Use this to seiect a DS1 {channel) number for error insertion. This can only be selected in Mode #
03 and 04. (Be sure 1o send both digits since a command such as "G2," is lllegal. Select Channet 2
with *G02,")

Gixt|x2!,

identifier: Select Channel —}
Tens digit
Ones digit
pelimiter

X1 X2 = 00 through 28

DS1 channel 00 will select NO DSt for error insertion. This is the default value after sending a
SETUP string, {ie, defining an operating mode).

Sample [EEE command (HP-BASIC for HP-85):
10 OUTPUT 701;"G01," IThis selects DS1 #1 for error insertion.
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[11 Interrupt Select Strina

This command is used to select any combination of events and alarms which set the Measurement
Alarm bit (used in the IEEE status byte).

Identifier: Select Interrupt

bS3 Events/Alarms
pS3 Events/Alarms
DSZ Events/Alarms
DS1 Events/Alarms
DS1 Events/Alarms

Delimiter

1

X1

X2

X3

X4

x5i ,

To enable an Alarm condition, choose a value of X1-X56 that includes a *i* in the table for the
desired alarm condition. Measurement alarms are sent only during a measurement run. Selecting
an individual Alarm condition has no effect on the LED status information. After receiving the Device
Clear command, or an *S*string, no alarm conditions will be selected.

DS3 |DS3 iDS3 No|DS3 No

X1} AlS [CPariframe |Signal
] 0 0 ¢ 0

1 0 0 G 1

2 0 0 1 4]

3 0 0 1 1

4 0 1 0 0

5 0 1 0 1

6 0 1 1 8

7 0 1 1 1

8 i v 0 0

¢ 1 0 0 1

: 1 0 1 0

: 1160 H 1

< 1 1 0 0

= 1 1 0 1

> 1 1 H 0

? 1 1 H 1

D83 Ptn Ds3 DS3

X2} Sync Loss| X-biti Idle
0 0 0 0

1 v 0 1

2 g 1 ]

3 iy 1 1

& 1 0 0

5 1 0 1

é& 1 1 0

7 1 1 1
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DSZ |DSZ2 |DSZ2 No|DS2 Ko
AIS |Xbit|Frame |Signail

DSZE |DSZE |DSZ2ENQ|DSZE Mo
AIS [Abit|Frame [Signal

>
(o]

NVl AT o NN e O
ek b o ke D OO0 OO0 OO0
i e = o= = I = IS R B S e e e i e
- ot CICD o ik CI ) e e L e OO
— D e D e D) e D e OO - D e - O

DSt |DS1 iPS1 NolDS1 Ko
Yel |AlS [Frame |Signal

E1 R-{ E1 iE1 Ko |E1 No
AlarmjAlS [Frame |Signal

x
>

WY U AR e DN SN O
el el el il WA DDODOOOD0O 00O
R T == = = N e JE R e - -
A v B o S N, W G N e G R L LY
- O a3 (D e D e O e D ek D e D O

Errored DSt Ptn DS1 Excess
X5]5econd Sync Loss |Zeros

Eah VRN S B ]
-0 000

¢
0
1
1
0

O e O - D

Sample IEEE command (HP-BASIC for HP-85):
10 QUTPUT 701;M30002," IThis selects DS3 No Signal, DS3 No Frame, and DS1 No Patn Sync for
Measurement Alarms.
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{K] Trigger String

The three trigger commands perform the same function in remote mode as the START/STOP key.

identifier: Trigger Meas. Run —i

Trigger type

KX,

Delimiter

X1
X1

X1

0 for START new measurement run

= 1 for CONTINUE previous measurement run

I

(timed measurement runs only)
2 for STOP present measuremernt run

Sample IEEE command (HP-BASIC for HP-85):
10 QUTPUT 701;°K0,* 'This starts a new measurement run,

20
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[L1 LED Status String

identifier: Send LED Status
Current/History
Delimiter

Xi: o] = Current LED Status*
1 = HISTORY of LED Status

A five-character string is returned which represents the RxSTATUS (1=0n, 0=0ff). The following
tables describe the range of each character X1 through X5, and the meaning of each value.

*Use of "LO," is not recommended after an "N9,” has brought up the Rx Status Page.

DS3 |DS3 {DS3 NoiDS3 No
X1| AIS |{CPariframe iSignal
sl o {o 0 0
1 0 ]o0 0 1
2|l o |0 1 o
31 0 |o 1 1
4] o 1 0 e
5 0 1 ] 1
6] o 1 1 6
7] o 1 1 1
g3 1 ] ] 0
9 1 0 0 1
: 1 0 1 4]
: 1 0 1 1
< i 1 0 o
= 1 1 0 1
> 1 1 1 8]
? 1 1 1 1
DS3 Ptn | DS3 bs3
X2} Sync Lossi X-biti Idle
0 ¢ 0 1}
1 0 0 1
2 v 1 ]
3 v 1 1
4 1 0 ¢
5 1 0 1
é i 1 0
7 1 1 1
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ps2 |Dbs2 |DS2 NoibS2 No
AlS [Xbit|Frame [Signal

DS2E |DS2E|{DSZ2ENGIDSZE No
AlS |Abit|Frame {Signal

>
w

CLE+ N+~ B B e L E i ™
NG AV AL (T (I T A oo T v I s S e S o SO e S i S e
wh wd md R DO D L2000
- (OO ek wd O e DO - DO
P T O R o SRV N, Q. S

WV 0 AN

BST {BST {DST Noibst No
Yel |AIS [Frame [Signal

E1 R-{E1 |E1 No iE1 No
AlarmiAlIS [Frame [Signal

Pl
el

WY O A T s NDOB WO B N
J T N e S i S i, T e S e B it B o B O s D i ]
PR (N = S s T . JNY i U QR G AL K s I s O e B e 1
RN o N s QU S, T, JUE N e T e S S e O == ]
—_ e L e 0D e (D D) s ) e O - O

DS1/E1] * DS Ptn DS1 Excess
X5§Status=Et iSync Loss |Zeros

I AN e O
L DO
L= =]
Lo B - "1

* L0 {Current) = Current DS1/E1 Status
L1 (History) = DS1/E1 Status of fast measurement run

Sampie IEEE command {HP-BASIC for HP-85):
10 QUTPUT 701;"L1," IThis commands the PF-45 to return the HISTORY of the RxSTATUS LEDs,
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IM] BxSTATUS Measurement String

Like "Error Measurement String' the entire 20-character top line of the display is sent.

Mlx1ixai ,
Identifier: Send RxStatus Meas. Result
Event
Analysis
Delimiter
Event X1: G = Ds3
1 = DS2/DS2E
2 = DS1/E1
3 = PF-45
Anatysis X2:
D$3 DS2/DS2E DS1/E1 PE-45
X2: o = NHoSigSecs HoSigSecs NoSigSecs NoPowersec
1 = NoFrm$Sécs NoFrmSecs NoFrmSecs Total ErrSecs
2 = NoPTNSecs AIS Secs NoPTNSecs Total AlmSecs
3 = AlIS Secs X/AbitSecs AlS Secs -
4 = Idle Secs AR Yel/R-Alm Secs  ---
5 = XbitSecs .- ExZrsSecs .-
& S e - - -
7 = —_— .- - .-

Sample IEEE command (HP-BASIC for HP-85):
10 OUTPUT 701,"M30,” fThis selects the RxSTATUS MEASUREMENT display category,
land sets the [ANALYSIS] to PF-45 NoPowerSec.
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[N] Display String

X3,

—

Identifier: Display Selected Page
Page
Delimiter

Xtz Set New Mode Page

DS3 Setup Page

D81 Setup Page

Pattern Select Page

AUX Error Insert Select Page

Test Duration Setup Page

Reai-Time Clock and Date Setup Page
Printer Setup Page

Measure Eryors Page

Measure RXSTATUS Page

[ETN I O T I | SO 1 O I 1)

D SO WY e O

Sample IEEE command (HP-BASIC for HP-85).
10 QUTPUT 701;"N86," !This brings up the Real-Time Clock and Date Setup Page on the front panel
display.
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[ Printer String

The two Print commands each ask for a “Manual Print®, but to different destinations.

plx1|,

tdentifier: Print

Print type

Delimiter
Xt = 0 for a Manual Print on the PF-45 thermal printer.
X1 =1 for a "Manual Print" to the IEEE controller.

Sample IEEE command (HP-BASIC for HP-85):
10 QUTPUT 701;"P1," IThis requests a *Manual Print* to be dumped 1o the I[EEE Controller.
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[R] Measurement Run Time Sting

RIXT|X21X3 | X4 | X5 IX6|XT|XBIXF| ,

tdentifier: Set RunTime ~J
Measurement type

Hours  (Thousands)

Hours  (Hundreds)

Hours (Tens)
Hours  (Dnes)
Minutes (Tens)
Minutes {Ones)
Seconds {Tens)
Seconds {Ones}

pelimiter
Measurement X1: 0 = Timed
1 = Continuous
Hours X2 X3 X4 X5: 0000 - 1000
Minutes X6 X7: 00 - 59
Seconds X8 X9: 00 - 59

Sample IEEE command (HP-BASIC for HP-85);
10 OUTPUT 701;*R000013000," !This sets up a Timed Measurement Run of 1 hour 30 minutes.
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[S] Setup String

Use this once, initially to set the operating parameters of the instrument, and later to make
subsequent changes.

XTIX2IX3 X4 [ X5 X6 |XT| X8| X9 X1G | X111X12]

—

Identifier:Set PF-45
Mode # (Tens)
Mode # (Ones)
DS3 Tx Level
BS3 Rx Level
DS3 Format
D83 Tx Clk
DSt Line Code
DSt Rx
DSt Format
DSt Tx Clk
Pattern (Tens)
Pattern (Ones)
Delimiter

Or for operation with the E1 DropfAnalysis Option:

X1IXZ2{X3 X6 [ X5 X6 XT [ X8 X9X10 (X1 {12113 x4}

e L)

ldentifier:Set PF-45
Mode # (Tens)
Mode # (Ones)
DS3 Tx Level
D83 Rx Level
BS3 Format
DS3 Tx Cik
0SSt Line Code
DSt Rx
DSt Format
DSt 1% Clk
Pattern (Tens)
Pattern (Ones)
E1 Line Code

£1 Format
Delimiter
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Mode X1 X2:

D83 Tx Level X3:

DS3 Rx Level Xé4:

DS3 Format X5:

D83 Tx Clk X6:

00
01
02
03
04
05
06
07
o8
09
1G
"
12
13

W R s O

L]
L

Tx3->Rx3
Txt->Rx1
Tx?-:-Rx}1
Tx31->Rx1
Tx31->Rx31
MON3

MON

MON®
THRU3
THRU1
THRU®
Intoa1?,
EXtDEI”,
INS® ,->Rx1

Tx3 HI
Tx3 DsSX
Tx3 LO

Rx3 H/L

Rx3 DSX

RX3 HRZ Up
Rx3 NRZ Down

Frm3 M13
Frm3 C-Par
Fr3 Unfrm

Frm3 M-Mix (S-string must be 14 chars. long)

Frm3 C-Mix (S-string must be 14 chars. long}

Cik3 Int
Clk3 Ext

2 = Clk3 Loop
081 Line Code X7: 8 = Code AMI
1 = Code BBZS
DS1 Rx X8: 0 = Rx? Term
1 = Rx! Brdg
2 = Rxt NRZ Up
3 = Rx! NRZ Down
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D$1 Format X9: 0 = Frml D4/SF
1 = Frml ESF
2 = Frml Unfrm
3= Frml 3LE
DSt Tx elk X10: 0 = Clk1 Int
1 = Clk1 Ext
2 = L1kl Ref
3 = Clk1 Loop
bs3 ps1
Pattern X11 X12: 00 = 1111 00 = QRSS20
91 = 2E23-1 01 = 28231
02 = 2E20-1 02 = 2E206-1
93 = 2F15-1 03 = 2E15-1
04 = 2E11-1 04 = 2E11-1
95 = 2E9-1 05 = 2E9-1
086 = 1010 06 = 111111114
Q7 = 1100 07 = 1-in-8
08 = 1000 08 = 2-in-8
0% = 100 09 = 3-in-24
10 = Live 10 = QrSS1t
11 = Live
12 = InsDSt
E1 Line Code X13: 0 = CodeE1:AMI
1 = CodeE1:HDB3
E1 Format X14: 0 = FrmE1:FAS
1 = FrmE1:CRC

2 = FrmEl:Ynfrm

Sample IEEE command (HP-BASIC for HP-85):
10 QUTPUT 701;"S041110001009," !This sets up Tx31->Rx31 mode, Tx3:DSX, Rx3:DSX, Frm3:CPar,
HClk3:int, Code:AMI, Frm1:ESF, Clk1:int, Pattern:3-in-24.
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IT] Real-Time Clock String

Identifier: Set {lock
Hours (Tens)
Hours (Ones)
Minutes (Tens)
Minutes (Ones)
Delimiter

Hours X1 X2: 00 - 23
Minutes X3 X4: 00 - 59

Sample IEEE command (HP-BASIC for HP-85):
10 QUTPUT 701;"T0000,* IThis sets the time to midnight.
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B.4.2 RS8-232 Command Extensions

The following command extensions allow the RS-232 user to access interface functions normally
only available via GPIB/IEEE-488. '

[Z] Remote/Local String

z|X1ix2|x3|x41,

Identifier: Set Remote/lccal ——
Commanxt
*Delimiter

X1,%X2,%X3,%6: 0000
1000
9999

l.ocal (Remote OFF)}
Remote ON
Remote RESET

(I L}

[*STATUS] String

Identifier: R$-232 Extension ———
STATUS Inquiry
*Delimiter

Sending this command will instruct the interface to check and see if any of the bits in the status
byte are set. Should any bits be set (or equal to 1), the instrument will send a decimal value
corresponding to the status byte. Else the response will be 0.

DO = L.SB
D7 = MSB
[*ID] String

identifier: RS-232 Extension
1D Inquiry
*Delimiter

Sending this command forces the instrument to send an identifier message. Syntax as follows:
PF-45 [#X] RS-232 REMOTE
#X is a number "0® to "7
Depends on lEEE-488 address setting.

*Note: Delimiter may also be CR/LF.
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[*BYE] String

ldentifier: RS-232 Extension

8YE Command

*Delimiter

This command forces the PF-45 to set DTR False. Disconnecting a modem from the line.

[*CLEAR] String

Identifier: RS-232 Extension

CLEAR Inguiry
*Delimiter

Sending this command will {orce the instrument to a known default setup. This corresponds to the
IEEE-488 command DEVICE CLEAR, Instrument must be in remote mode first.

*Note: Delimiter may also be CR/LF.
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B.4.3 IEEE-488 Programming Examples
The following examples are for the HP-85 Computer. The language is HP-BASIC with [EEE
extensions. The PF-45 is set to IEEE address 01, The IEEE bus is address 7,

Putting the PF-45 inio Remote State:
Always put the PF-45 into Remote State before sending other commands.,

10 REMOTE 701 1PUts PF-45 into Remote State
or
10 CLEAR 701 IPuts PF-45 into the default configuration, including Remote State

Setting up the PF-45 under remote control:

10 RESEY 7 IReset IEEE bus

20 REMOTE 701 Put PF-45 into Remote state

30 QUTPUT 701;%S0400000990CC, " 1Setup Tx31->Rx31 mode, Tx3:HI, RX3:H/L, Frm3:¥13, Clk3:Int,
ICode:AME, Frmi:D4sSF, Clki:Int, Pattern:QRSS20

40 QUTPUT 701;%R100000099,4 1Setup CONTINUOUS Measurement Run

50 QUTPUT 701;"KO,» 1Start Measurement Run

Getting data from the PF-45 {using Serial Poll};

10 DIM AS[5D] IDimension A$ large enough for expected data string
100 OUTPUT 701;%E00O00, " IRequest Bit3 Errlnt
130 S=SPOLL(701) IGet Status Byte
120 IF NOT BIT(S,0) THEN 110 11f bit »0% of the Status Byte is not = 1,
Ithe measurement result is not ready yet, so get another Status Byte
130 1 IThe measurement result is ready
140 ENTER 701;A% IGet the measurement result
150 DISP AS Ibisplay the measurement result
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Getting data from the PF-45 {using Service Request):
SRQ must be enabled (81/5 = 1).

10 DIM AS501 Dimension A%

10C QUTPUT 701;“E000Q,# iRequest Bit3 ErrCnt

11G ON INTR 7 GOTO 200 1Set interrupt branch

126 ENABLE INTR 7;8 'Enable HP-85 to be interrupted by SRG

130 GOTO 130 IWait for SRQ

200 ENABLE INTR 7;0 !SRQ has interrupted "GOTO 130" loop
1Disable interrupt while it is being serviced

210 $=SPOLL(701) IGet Status Byte

220 TF ¥OT BIT(S,0) THEW 500 1SRQ was not caused by Operation Complete
IBranch to a general-purpose SRQ-servicing routine

230 1 '7he SRQ was sent because the measurement result is ready

240 ERTER 701:A% 1Get the measurement result

250 DISP A% 1Display the measurement result

260 GOTO 100 IMake another measurement

500 1§ Igeneral-purpose SRG-servicing routine

510 IF BIT(S,1) THEN 600 tMeasurement Alarm

520 IF BIT(S,2) THEN 700 \Execution Error

530 IF BIT(S,3) THEN 800 VHardware Error

540 IF BIT(S,4) THEN 900 VEnd of Measurement Run

550 IF BIT(S,5) THEN 1060 I Command Error

560 IF BIT(S,7) THEN 1160 IPower On

570 GOTO 100 IMake another measurement

Getting a Print, and Displaying it on the Controller Screen:

10 DIM AS[3600] tDimension A$ for the maximum printout length
100 QUTPUT T701;#P1,> tRequest a print

110 $=SPOLL(70%) iGet the Status Byte

120G IF NOT BIT(S,0) THEN 110 iCheck if data is ready

130 ENTER 70% USING "#%,#%4K" A% iGet print data. Use ECI as terminator.

140 N=LEN{AS) IDetermine length of print string

156 A=1 tHnitialize A

160 FOR 1=1 TO N ipefine loop

170 IF AS[i,I1=CHR${13)} THEN DISP AS[A,I1-1] @ A=1s+2
IDisplay each line based on the position of Carriage Return
180 NEXT | IContinue loop

-

-

B.4.4 RS-232 Sample Session

Ix3->Rx3 1 Minute Timed Run, with 1E-4 Ratio On, and Interrupt on DS3 No Signhal

{type) 21000 Put PE-45 into Remote mode

{returned) STATUS=1 Command Accepted

{type) 0800000066060 Setup

{returned) STATUS=1 Command Accepted

(type) A141060 Set Insert Ratio to 1E-4
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(returned) STATUS= Lommand Accepted

(type) B1002 Set Bit Error Insert Ratic On

{returned) STATUS=1 Command Accepted

{type) ROOGGCO10C Measurement Run Time = 1 Minute

{returned) STATUS=1 Command Accepted

{type) 110GC0 Request Interrupt on DS3 No Signal

{returned) STATUS=1 Command Accepted

{type) KO Start Measurement Run

{returped) STATUS=1 Command Accepted

{type) EGCGO Request 8it Error fount while measurement is running
{returned) Bit3 Errtnt= 44206 Result

{returned) STATUS=65 Result Complete

***Manually, cause DS3 No Signal by pulling out the DS3 Rx cable***

{returned) STATUS=66 Measurement Alarm (D$3 Ko Signal) has occurred
*¥*Manually, plug DS3 Rx cable back in**

{returned) STATUS=66 Measurement Alarm (DS3 No Signal) has cleared
(wait)

{returned) STATUS=80 1 Minute Measurement Run finished

{type} EGGOO Request final Bit Error Count

{returned) Bit3 ErrCnt= 265259 Result

{returned) STATUS=65 Result Complete
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B.5

PF-45 FUNCTIONS (EXPLICIT LISTING)

Available Events for each Mode (DS1)

Tx3->Rx3 Tx1->Rx1 Tx31->Rx31 IntD&131
MON3 Tx31->Rx1 Tx1-Rx31 ExtD&131 Mode
THRU3 MON1 MON31 Ins31->Rx1*
THRU1 THRU31
unf |M13 |CPar M13 CPar DS3 Format
Unf iD4 (ESF {unf |D4& |ESF iUnf [D& IESF] DS1 Formst
Bit3] x . | x X Events
Bitl X X X X X X X X *
BPV3] x X X X X X X X X
BPV1 X X x  JLI3 183 [EI3 §{F} (033 11013
Par % *x x x X X X X
CPar X X X X
Febe X X X X
CRC X X X
Frad X x X X X X X X
Frm2 X X X X X X
Frmt X X X X X X
[11: Ins3%->Rx1 only!
Available Events for each Mode (E1)
MON3T Mode
M-Mixed C-Mixed PS3 Format
Unf [FAS |CRC |Unf [FAS [CRC] E1 Format
Bit3 Events
Bitt
BPV3! x X X A % X
BPVY
Par | x X X X X X
CPar X X X
Febe! X X X
Par2} x X X X % X
CRC X X
Fri3} x X X X X X
Frm2f x X X X X x
Frml % X X X
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Available Analyses for each Event

Bit3|Bit1|BPV3 BPV1|Par |CPariFebe|Par2|CRC |CRCA|Frm3 Frm2|Frml

DS2E |DST [ES Ds2/1bs1/

DS2E(ET
ErrCnt| x X X X X X X x X X X X X
DrbCnt] x X x X
CurBER| x X X X X X X X X X X
AvgBER] x X X X * X X X X X X X X
DrbBER| x X X X
ErrSec| x X X X X X X X X X X X X
<E-SES| x X X b4 X X X
<E-5ES X X
<E-4ES X
<E-3ES X x
>E-8ES| x X b3 X X X X
>E-5ES] X X X X X X X X X
>E-4E8] x X X X X X X X X X
>E-3ES| x X X X X X X
>E-2ES X X X X X
>E-1ES X X
SES X
EFS X X X X X x X X X X X X X
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Available RxSTATUS Seconds for each Mode

Tx3-5Rx3 [Tx1-Rx1  [7Tx31->Rx31 IntD&I31  [MoN34™
MON3 Tx31->Rx1 JTxt->Rx31  ExtD&IZ
THRU3 MON1 MON31 Ins31->Rxt
THRU THRU3

083 NO SIGNAL
NO FRAME
NO PTN
AIS
IDLE
X-bit

H K X K X x
HoM oM XK R K
L A A

D52 KO SIGHAL
NG FRAME
AlS.
X-bit

HK X XX

DSt NO SIGNAL
NO FRAME
NG PTH
Als 7
YELLOW
EX ZEROS

Mo M M oM X
oM oM X KM

DS2E NO SIGNAL] .
HO FRAME
Als
A-bit

.

E Y

£1  NO SIGHAL
NO FRAME
AlS
R-ALARM

KoK MK

PFL5 NO POWER x X x X

* If DS1/E1 Status = Ef

>
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Available Setup Choices for each Mode

TX3-2 | TX1=> | TX1->{TX31-> 1 Tx31-> | MONZ IMONT | MON3T | THRUZ I THRUT | THRUZY [ Int EXT ins31
Rx3 |Rx1 Rx3%1 iRx1 Rx31 D&IZT|DEIZT | ->Rx1
%3 #l X X X % X X X X X
BSX X X X X X X X X X
10 X X X X X X X X X X
OFF X
Rx3 /L x X X X X X X X X X
BSX X X X X X X b3 X X X
NRZT X x X X X X X b3 X X
NRZE X X X X x x x X X X
NSA X
Frid Unfrm x X X -
M13 b3 X X X X X X X X X
C-Par X X X X X X X X X X
M-Mix X
C-Mix X
CLk3 Int X X X
Ext X X X
L.oop X X X X b X X
N/A X X X
Code AMI X X X X b4 X x X X x
B8ZS X x X % X X X X x 1K
Rx1 Term X X X X
Brdg X x b4 X
HRZT X X X % i
NRZ! X X X X S
N/A X X X X X X g , N
Frml Unfrm X X X X X X X X X X F X
D4/SF X X X X X X X X X X F X
ESF X X X X X X X X XU TR X
sLC X X ’ A
Clkt Int X X X X X JIK
Ext X X X X X X
Ref X X X b3 X X
Loop X X X X X X X
/A X x X X
CodeEl AMI* X
HOB3™ X
Frml Unfrm* X
FAS* X
CRL* X
Errinsert:
ans3 X x
abst X X X
@DS1:00 X X X X X X
N/A X X X
AUX: DS3 X X X X X X %X X
Ds2 X X
Ds1 X X X X X X X X X
N/A X % X

* Only for Frm3=M-Mix or Frm3=0C-Mix
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Available Error Insertion for each Mode: Page 1

TX3->Rx3 Tx1->Rx1 Tx31->Rx31 Tx3‘l->Rx1* THRU3 THRU1 THRU3
Tx1->Rx31
K13 C-Par 13 C-Par
UnfiM13lcparlunf iDd |ESFRUNT D4 (ESF|Unf|D4 IESFIUNfIMI3|CParjunf|D4 [ESFlUnfiD4 |ESF|UnfiD4 |ESF
BIT: Bit3 X | x X XX | x
Bitl x | x b x ] xix x| x| xix x| x| xfxix| x| xix|x
BPV: BPV3 x| x| x ' XX Ix [ X1 x3:x 3§ x| X ] X X P X | X ] xix| X
BPV1 x| xix x i x| x
PAR/CRC:
Par x | x ) x| x| xixix]x x| x xixlx ]l x|l x
CPar X Xix X X X X X
Febe X X3 x| % X X i x| x
CRC X X X X X X
FRM: Frm3 X | X xix|{x1ix!Ix|x X | X X | X | X | X ] x| X
Frm2 xixix|xix]|x x| x 1 x ] xix{x
Frml X | x X | % X | x X | X X | X % | %
AUX: DS3 Fbit X1 x xixix | x| x| x %] ox X i X | x| xix|X
Mbit X 1 X xlxix| x| x]x X | % x| x| x| xix]|x
Xbit X X X | x x| x| xix X | X x i x Al X x| %
Chit X X X | x| x| x| x| x
DS2 Fbit XX | x| x| xix
Mbit x| x| x|} x| x]x
Xbit x| x| x| x]x
Lhit X | x| x ! x| x| x
D51 Fbhit x| x X | x x| x X X
Loopback XiA[ XX [ X[ XX x|X XX | X {2 | XXX x1x
ALM: DS3 AlS x | x xPxix|x]x|x x i x | x 1 x ] x| x1x
idie X | X Xt xiEx i xi x| x X i X X | x| x}§x 7 %x1ix
bS3 X=00 X | X Al xibx ] x] x| x X ix X Px x| xjxix
ps2 X=0 X | X i X | x| x| x Xl x i A ] x| xix
AlS #* X X i X x X X | X
Yel XX X ix X { X x| X

*For InsDS1 Pattern, Bit1 Errdflinsertion occurs across entire 1.544Mbs data stream, and Frm1 and CRC
errors as well as DS1 alarms are not available. '
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Available Error Insertion for sach Mode: Page 2

IntD&I Ins3t->Rx1 EXtD&!
H13 C-Par Mi3 C-Par
UnfiD4 |ESFiunf D4 [ESF{Unf|D4 [ESFiUnflDé& {ESF
BIT: Bit3,
Bit1 X i x| Xt xi x| xlxdixix| x| xix
BPV: BPV3 X | ®xix | xxixPxixix|xix|x
BAV1
PAR/CREG:
Par X1 xlx X x x|« x]x X X | x
CPar XX x X i x| X
Febe X1 x| x X4 x| x
CRC X X
FRM: Frm3 X | XX [ x| XxX§iXx§ix [ x| xix|x!x
Frm2 XX P x| x| xixbx | x| xix]|xix
Frmi X | x X i X
A DS Fhitf x i x | x i x I x [ x| x!x x| x]x|x
Mhit x ix [ x i x i x| x| xixix]|x]x]|x
Xbit] x P x| x b xix | x)xixix]|x!x]|x
Chit
DS2 Fbit
Mbit
Xbit
Chit
DS1 Fbit XX x| x
loopback| x | x 1 x | x| x| x| x!{x]x{xix]|x
ALM: DS AIS | x | x | x [ x| x| xix{x|{x!Ix|x!x
Idle] x | x | x| x| x i x§ix|x|[xix]|x!x
DS3 X=00F x | x | x | x| x i x F x| x| xF x| xix
PE2 X=0 f x § x | x P x| x| x x| x{x|x!|x}|x
AlsS x| x X 1 %
Yel X | X X | x

*For ExtD&, Bit1

.

o
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Available Implementation of each Error insertion Type

SIKGLE |RATIO{BURST
BIT: Bit3 X x X
8it1] X X X
BPV: BPV3 X X X
BPV1 x X X
PAR/CRC:
Par X X X
CPar X X X
Febe x | x X
CRC X X X
FRM: Frm3 x X X
Frm2 X X x
Frmt X X
AUX: DS3 fFbit X
Hbit X
Xbit X
Chit X
- DS2 Fbit X
‘ Mbit]  x
xbit b4
. Chit} X
- DSt Fpich XTI
Loopback] -x JCONT.[ x
ALM: DS3 AIS ConT. | x
. fdle CONT.| X
DS3 X=00 x |CONT.} x
ps2 x=0 % |CONT.] x
DSt AlIS CONT. X
Yel CONT. X

42
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