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1. INTRODUCTION

This report describes a hardware integrated convolutional
coding/symbol interleaving and integrated symbol
deinterleaving/Viterbi decoding simulation system which will be
used by the government to validate the analyticaily prediccea
performance of the TDRSS S-band return link with BPSK modulation,

operating in a pulsed RFI environment.

The system consists of three components, the Fast Linkabit
Error Rate Tester (FLERT), the Transition Probability Generator
(TPG), and a modified LV7017B which includes rate 1/3 capabilty
as well as a perioadic interleaver/deinterleaver. Operating and
maintenance manuals for each of these units are includea as

appendices to this report.

The FLERT sends clocked psuedo-random data to the LV7017B,
which ercodes the data into symbols which are then interleavea
and sent to the TPG. The TPG is programmed via an HP9825
calculator to simulate the statistics of various channels by
inserting symbol errors and adding soft decision bits to the
encoded and interleaved symbol stream. The corrupted symbol
stream is returned to the LV7017B where it is deinterleaved and
Viterbi decoded. The decoded data is sent to the FLERT, which
measures the bit error rate and displays it. The HP9825
calculator is equipped with software that allows the user to run
automated tests in which the operator loads pertinent parameters
such as the required settings of the FLERT, the lengtn of the
test in bits, the 1locaticn on cassette tape of the noise

statistics to be used for the test, and the number of different



tests to be run. The calculator takes measurements from the

FLERT and prints the results on its hard copy printer.

The LV7017B has a variety of modifications implewented for
this particular application. The most significant of these is
the addition of a reduced metric rate 1/3 capability. LINKABIT
developed this metric by the use of computer simulations which
determined the performance resulting from the use of each or four
different metrics. The metric selected for use in this system
exhibits performance within one-tenth of one dB of tnat ot a non-
reduced metric system., A summary of the results of LINKABIT's
simulations is shown in the curves of Fiqure 1.1, which shows the
performance of the four different cases simulated as well as that

for the non-reduced metric case.

The modified LV7017B also contains a (30,116) perioaic
convolutional interleaver/deinterleaver which is integrated with
the decoder to provide the best possible synchronization
strategy. The decoder detects absence of synchronization by the
rate at which path metrics grow in the decoding trellis. The
deinterleaver is able to provide node synchronization to the
decoder by using the knowledge that symbcls from the "top tap” of
the interleaver originated from code generator Gl. Thus, when
the decoder detects loss of sync, the deinterleaver takes tne
appropriate corrective action, and the decoder's internal
synchronization is bypaszsed with the deinterleaver in the data

path.
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2. DECODER PERFORMANCE

Decoder performance is summarized to some degree in the manuai
for the Modified LV7017B manual included as an appenaix to this
report. Performance in rate 1/2 is the same as that for
LINKABIT's standard LV7017A or LV7017B. Rate 1/3 pertormance is
degraded only slightly by the need to use a compressed metric due
to the limitations of LINKABIT's LAM-40 chip. This degradation
has been shown by simulation (see Figure 1.1) to be less than one
tenth of one dB. Testing of the unit by LINKABIT indicates that
the performance predicted by computer simulation is accurate. In
particular, an exhaustive overnight test of the rate 1/3
performance at 4.1 dB yields an error rate of .00001091 which is
within about .03 of one dB of the performance for the
uncompressed metric case. During this test over 200,000 errors
were recorded, so the confidence in the accuracy of the result is
limited only by confidence in the accuracy of the TPG to produce

exactly a 4.1dB distribution.

The presence of interleaving should have no effect on the
performance of the decoder in the presence of wideband additive

Gaussian noise, and this also has been measured to be the case.



3. INTERLEAVING -- THEORY OF OPERATION

The classical model for a (30,116) periodic convolutional
interleaver/deinterleaver is shown in Figure 3.1. A PN cover
sequence which repeats every 30 symbols is addea to the incoming
symbols, which are then multiplexed to the delay elements. The
purpose of the PN sequence is to aid in synchronization. The
"wiper" multiplexes the data between each of the 30 taps, moving
one tap each symbol time in a perioaic fashion. Each delay
element provides a delay of four symbol times. The

demultiplexing wiper tracks the multiplexing wiper.

When the interleaved stream of symbols is transmitted over a
channel, it may be corrupted by the addition of bursts of noise.
In the absence of interleaving, these bursts would have a
catastrophic effect on the decoder, because the decoder is
designed to correct random errors, but not blocks of errors. The
process of deinterleaving has the effect of randomizing bursts of
errors by returning the channel symbols to their original
positions relative to each other. Any two bits in cthe
interleaved data stream occurring within an inclusive sequence of
30 channel symbols will have at least 118 symbols between them in
the deinterleaved data stream. This separation of symbols is
greater than the memory of the decoder; tiins bursts of less than
30 symbols are effectively randomized by the deinterleaving
process, It should be noted that the two soft decision gquaiaty
bits associated with each symbol produced by the moadem must aiso

be deinterleaved.
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4. DECODER/DEINTERLEAVER SYNCHRONIZATION STRATEGY

Deinterleaving synchronization is the process by which it is
determined in which position the multiplexing and demultiplexing
wipers should be placed for proper operation of the
deinterleaver. By inspection, it is apparent that when the
deinterleaver is in sync with the interleaver, each symbol
encounters the same delay (116*30=3480 bit times) in passiug
through the combined interleaving/deinterleaving process; thus
the only effect of using interleaving is to introduce a deiay.
When the deinterleaver is out of sync by, say, one tap delay with
respect to the interleaver, the resulting symbol stream presented
to the dJdecoder, viewed in groups of 30 consecutive symbols,
consists of 29 symbols all with the same delay (120%*30=3000
symbol times) and 1 symbol with no delay. The decoder is able to
decode such a sequence, albeit with much degraded pertormance.
Thus a PN sequence is used to insure that when the deinterleaver
is not in sync, the data presented to the decoder does not 1look
like good data. This cover sequence is 30 bits liong; one bit for
each tap of the interleaver. The first bit of the sequence is
exclusive OR'ed with the symbol coming out of the top tap of the
deinterleaver, the second to the symbol from the second tap, and
S0 on. Since this sequence is added to the symbol stream in the
same fashion at the interleaver side, the PN sequence cancels
itself out of the symbol stream when the unit is in sync, but
when it is not in sync, the cover sequence makes the symbol
stream look like pure noise, which makes the decoder signal loss

of sync.

The sync strategy for the integrated decoder/deinterleaver,



shown in the state diagram of Figure 4.1, has been designed to
minimize both the time needed to acquire sync (from either power
up or an operating mode in which sync is lost) as well as the
probability of changing sync state due to a false detection of
sync loss. Upon power up, the deinterleaver enters the
CHANGE/WAIT1 state ir which the sync state is movea one state
according to the spiral search strategy, illustrated in Figure
4.2, The spiral search is used because it is assumed that if
sync is lost, the true sync state is near to the state currently
occupied by the deinterleaver, so the states first to the lerc
and then to the right are checked one by one until the correc.
state is found. After moving the sync state, the state machine
waits for the period of time required to fill the deinterleaver
RAM with good data. When this time has elapsed (as indicated by
the occurrence of OVRFLW1l) the state machine enters state WAITZ2,
where it waits to decide if the state chosen is correci.. If a
loss of sync is detected during this time, the state machine

returns to state WAIT1 and changes sync state again.

The state machine declares the deinterleaver to be in sync if
the time OVRFLW2 elapses without the occurrence of a loss of sync
signal. It then proceeds to the INSYNC state, where it remains
as long as no further loss of sync is detected. Should a sync
loss be detected, the machine enters the state WAIT3. a state
used to prevent false startup of the sync search, such as might
occur if the Eb/No dropped to a low value for some perioa of
time, The decoder might declare loss of sync due to the rapid
growth of its metrics when the unit is actually in sync. If this

event occurs, loss of sync will be declared only sporadica.ly,
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and the OVRFLW3 counter will timeout before the next loss of sync
signal is detected. When OVRFLW3 times out the machine returns
to the INSYNC state,

If the state machine entered the state WAIT3 due to an acwual
loss of sync, the decoder will again signal loss of sync bderure
OVRFLN3 times out, The state wmachire then moves to the
CHANGE/WAIT]1 state and begins its spiral secrch.

This synchroniation strategy is very rcbust in many ways. It
minimizes the likelihood that the deinterleaver falsely begins
sync cearch due to low Eb/No operation, y.t if a real loss of
sync occurs it begins searching for the correct state in at most
1000 bit times, If the deinterleaver sync state is moveu
unsuccessfully, it takes cnly about 430C bit times to detecrt this
and move the sync state again. This is 3significant since 3600
symbol times must elapse just to fill the deinterleaver RAM so
that the decoder is presented with properiy deinterleavea data.
¥ith no ovarhead for the decoder to decide that sync has been
lcet, it would take 30*3600=108000 symbol times to cycle through
all 30 sync states, just to have enough time to fill the
deinterleaver RAM with good data at each state. Thus, the 120000
symbol times actually required for tkLis process is only about 10%
above the absolute minimum time in which the task could be

performed.
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S. DBINTERLEAVER SYNCHRONISATION PERFORMANCE

The performance of the deinterleaver sync algorithm has been
measured using the Transition Probability Generator and a logic
analyzer. Initial sync time can be measured by loading the TPG
with one state that produces an error rate of 308 and another
that cortains Gaussian noise with an Eb/No of 4.4 dB. The TPG
starts out in the 508% noise state, and with some small
probability P makes the transiticn to the 4.4 dB state, from
which no transitions are allowed. The logic analvier can be used
to viow when the TPG changes state and when the deinterleaver
acquires the correct sync state, and measure the time between

these events.

It is also a straighttorward matver to estimate the time it
should take to acquire initial sync. The dominant contributor tc
the sync time is the time it takes to fill the deinterleaver RAM
-- 3600 symbol times. In addition to this there are at most 500
gymbol times of overhead required for the decoder to determine
that sync has not been acquired and for waiting in various
states. Thus, a good estimate for the maximum time needea for
each change of sync state is about 4000 symbols. In realaity,
this number is somewhat smaller because the decoder usuaily takes
substantially leas than 500 bit times to detect the out of sync
condition, a typical Figure would bte on the order of 150 to 200
symbcl times. In the worst case, where the deinterleaver doesn't
acquire sync until it tries the final sync state, it will take 30
states times 4000 symbols/state or 129,000 symbols to acquire
sync. On the average, the deinterleaver will acquire inicial

sync on the fifteenth state attempted; thus the average inicial

12



sync time will be 60,000 bit times. This number has been
verified using a logic analyzer and the method described above.

Using a similar arqument, it is obvious that the time required
to recover sync when a single bit slip occurs will be a maximum
of about 5000 symbols or 9000 symbols, depending on whether the
deinterleaver sync circuit happens to begin its search in the
same direction as the bit slip or if it looks the wrong way
first. One thousand symbol times of this represents the time
required to get from the INSYNT state to the CHANGE/WAIT1 state.
Again, the real figure is generally much lower because the actuai
time to datect sync loss in the decoder is usually between 150
and 200 bit times. Thus the typical times for recovery from a
single bit slip would tend to be closer to 4000 and 8000 svmbol
times. A switch in the TPG allows a bit slip to be introducea to
the symbol strear so that this phenomenon may be observed, and

the measured results are as predicted.

The most catastrophic sync loss occurs when the moaem suffers
a 180 degree phase reversal. This causes the symbol stream to be
inverted. Without incerleaving, this would present only a small
problem to the decoder, which would make a short burst of errors
and then produce inverted data at its output. (Or, it
differential coding is used, after the burst of errors true sense
data would again be output.) Unfortunately, the deinterleaving
process mixes inverted symbols with non-inverted symbols and for
a period of several thousand bit times presents the decoder with
a sequence that has no resemblance to a code sequence, The

decoder indicates loss of sync many times in succession, causiug

13



the deinterleaver to start its sync search despite the fact that
it is in the correct sync state. When this occurs, the
deinterleaver must search all of its 30 states betore it returns
to the correct state. Thus, inversion of the symbol stream

causes a loss of about 120,000 symbols before sync is regained.

14



6. PERFORMANCE IN THE PRESENCE OF PULSED RFI

In studies [1,2) that LINKABIT performed on coding techniques
for TDRSS in the presence of RFI that preceded this hardware
development and in presentations of this work at NASA GSFC,
several options for improving system pertormance were presented.
In addition to rate 1/3, rather than rate 1/2, coding and the
addition of interleaving/deinterleavirg, transponder improvements
such as limiter level setting and RFI detection and blanking at
the receiver were described. One of the main reasons for
suggesting the latter two improvements was to insure that with
soft-decision decoding, a low confidence level (small quaiity) is
assigned to the symbols received in the presence of RFI. If a
small quality is not assigned to the RFI symbols, a significant
performance degradation will occur. 1In fact, in such a situation
hard decision d2coding may be preferable to avoid giving the
symbols with RFI an advantage over symbols not corrupted with
RFI.

Since the synchronization strategy for the de:nterleaver and
decode~- is based on the rate of growth of the Viterbi decuder
path metrics, not assigning a small quality to the symbols with
RFI will also degrade synchronization performance. In the
Viterbi decoder implementation used here, the symbol metric

assignment of Table 6-1 is used. With this metric assignment,

small metrics are considered good in the metric comparisons
and on a very clean channel (large Ep/N,, no RFI) the correc.
path would have a path metric of 2zero. The decoder tests for

synchronization by observing the rate of growtn of the path

15
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metrics and if over some period of time this growtn is greater
than some threshold value, an out-of-sync indication is provided.
In the decoder of this development, this synchronization
threshold was set so that in the rate 1/2 moae with additive
white Gaussian noise (AWGN) and Eb/No- 4.4 dB, the probability of
detecting an out-of-sync condition after 500 channel symbols is
.95, With this threshold setting AWGN induced 1loss of
synchronizations cause no significant performance degradation for
decoder output bit error rates of less than 1071,

When RFI is present and the symbols are received with the
highest quality, the path metrics are increased by 4 (see Table
6-1) whenever the polarity of the Viterbi decoder hypothesized
path and the rece2ived symbol disagree. Thus when such symbols
are received the path metric increases at the same rate as for
the AWGN out-of-sync channel with a large E,/N,. This increase
in path metric growth rate increases the probability that an out-
of-sync indication will incorrecctly be announced. The
synchronization performance can be adjusted by changing the
sensitivity of the decoder to the rate of metric growtn,
However, even after synchronization, the performance will be
severely degraded if symbols received in RFI are assigned a high
quality. Also it is important to remember that increasing the
sync time of the decoder will impact the sync time of the
combined decoder and deinterleaver in such a way that an increase
of 500 symbol times in the time needed for decoder sync
acquisition alone will result in a worst case increase of 30
timegs 500 or 60,000 symbol times in the time needed for

deinterleaver synchronization. The worst case deinterleaver sync

17



acquisition time for a single bit slip will go up by 500 or 1000
symbol times, depending on the direction of the slip.

Rather than adjusting the synchronization parameters to try to
accomodate RFI symbols with high qualities, a better approach is
to not assign high qualities to these symbols. For example, the
RFI would be detected and these symbols assigned low qualities
(i.e., blanking). Referring to the metric assignments of Table
6-1 that were used in this implementation, the RFI symbols would
be assigned to one of the two center intervals with metrics of
zero for either hypothesis. Then these symbols would not
contribute to a path metric increase. In addition, waith
blanking, performance would be much better than when the symbols

with RFI are assigned a high quality.

The integrated interleaver-decoder and its associated
simulation test system developed under this contract is a very
flexible vehicle for assessing the etfects of mitigating
techniques for channels distributed by significant RFI phenomena.
As channel models are better understood and retined, this system
will rapidly and reliably assess bit error rate pertormance of

the link under consideration.

The Acceptance Test Procedure and Test Results are included in

an appendix to this report.
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Section 1
About This Manual

This is an in-house manual describing the FLERT II theory and
operation. Out-of-house users should regard this manual as a

reference only.



Section 2
Theory of Operation

The Past LINKABIT Brror Rate :ester (FLERT) is a device used
in the testing of digital communication systeas. The FLERT
generates pseudo-random data to be transmitted by the system and
then compares the received data to that transmitted to determine
the system bit error rate. The FLERT is capable of operating
from 1 bps to 70 Mbps.

The FLERT generates data with a pseudo noise (PN) generator.
This master generator consists of a 16-bit shift register and a
parity checker which computes the parity of selected bits in the
shift register. The result of this computatiosn is then fed back
to the input of the shift :egister i(see Figure 2..).

By selecting appropriate combinations of shift register bits
with which to compute parity, many different sequences may be
produced. The FLERT can produce maximal length PN sequences of
length 2"-1 for n = 4,8,11,15 and 16. It can also produce an all
zero sequence and can invert any of these sequences prior to

transmission.

Brror rate computation is accomplished by comparing the
received data to a PN sequence which is computed using the same
bits of the shift register for computing parity as were used in
generating the transmitted data (see Figure 2.2). This second PN
generator must be "slaved” to the received dJata by means of

syrichronization circuitry. If the error rate exceeds 25% for a
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period of time, sync loss is assumed and the slave PN generator
is resynchronized by using the received data, rather than the
computed parity, as input to the shift register. When the shift
register is filled with data bits, the output of the parity
checker once again becomes the input to the shift register. If
no errors occurred during resynchronization, the output of the
parity checker will agree with the received data except where

€Irors occur.

Loss of synchronization is detected by a two stage up/down
counter which counts up one for each error and down for each four
bit times. The counter is not allowed to count down through
zero, and the transition from all ones up to all zeros is used to
indicate loss of synchronization. One of two “"rate integration
thresnolds®™ can be used. The low threshold causes
resynchronization whenever the lower stage of the up/down counter
counts up to all zeros regardless of the status of the upper
stage. The high threshold causes resynchronization only when the

upper stage counts up to all zeros.

The PFLERT contains many other features besides the basic
master/slave/synchronization circuitry. In the master, a counter
detects the beginning of the PN sequence and produces a pulse
called the scope sync which is available at the FLERT front
panel. This signal is useful as a trigger for viewing data

dependent phenomena on an oscilloscope.

The same counter also is used to start up the sequence.

Should the master PN generator fall into an all zero state, a one



is fed into the shift register input to start up the sequence.
If it is desired, one bit in a thousand out of the master may be
inverted prior to output. This causes an error rate of 1073 o

appear at the slave.

Synchronization may be performed manually instead of
automatically if desired. In manual sync mode the status of the
rate integration counters is ignored except to darken the SYNC

led when sync loss is detected.

Exrrors and bits are both counted and displayed by a 280
miccoprocessor which also computes and displays the system bit
error rate. The 280 also controls all front panel and remote

control functions.

A SYNTEST frequency synthesizer in the FLERT provides the user
with a clock with programmable frequency from 1 Hz to 15.99 MHz.



Section 3

Interfaces

The FLERT has three types of interfaces - single ended TTL,
differential TTL and differential ECIL. The single ended TTL
signals are terminated with 200 ohms to ground. The differential
TTL inputs and outputs are type RS-422 (AM26LS31, AM26LS32 or
equivalent) with 100Q termination. The differential ECL signals
are typical 10K ECL drivers and receivers with 100Q termination.
Differential ECL clock inputs are AC-coupled to allow use of a
single ended clock source (such as a PTrs-160) as well as
differential ECL sources. The AC-coupling makes the ECL

interface unsuitable for frequencies below 500 KRz.
The FLERT I/0 consists of the following signals:

BAME 179 DESCRIPTION

MASTER CLK IN I Clock for master PN generator.
Internal circuitry selects
active edge and divides by

1,2 or 3.
CLK OUT (o] Data rate clock output.
DATA OUT 0 Master PN data output. Data

changes within ¢+ 20 ns of
the rising edge of CLK OUT
for TTL outputs and within
¢ 5 ns of the rising edge of
CLK OUT for ECL.

SCOPE SYNC o Single ended ECL signal goes
for one bit time at the end of
the longest string of zeros in
the selected PN sequence.



SEQUENCE RESTART I Active high signal places a
INPUT SYNC one in the left most bit of
the master shift register and
gseros the others. Must be
synchronous with CLK OOT,
Not active if no connection

is made.

SEQUENCE RESTART 1 Same as above, but asyn-

INPUT ASYNC chronous.

SLAVE CLOCK IN I Data rate slave input clock. .
Active edge is user select-
able,

DATA IN I Data signal from unit under

test, MNust be accompanied
by a SLAVE CLK IN.

ERROR 00T o) Active low signal goes low
for one bit time whenever
a bit error is detected.

GATED ERROR OUT 0 Active high signal goes
high for one-half bit time
whenever an error occurs and
the gate is on (both gate
button & error gate active).

ERROR GATE IN I Active low signal enables
GATED ERROR OUT, auto syn-
chronization circuit, bit
and error counters when
active, Signal is active if
no connection is made.

INT CLK OUT o Internal clock output 1 Hz
to 15.99 MHz as selected by
user.

RS-232 1/0 RS-232 interface for remote
control.

GPIB I/0 GPIB (IEEE-488) interface

for remote control.



Saction 4

Front Panel Control

SMIZCH DESCRIPTION
PATTERN 2¢4-1 When button is lit the
281 pattern indicated has been
211, selected by the FLERT for
2151 both master and slave PN
216, generators.
ALL ZEROS
PATTERN INV When button is lit the data
output by the FLERT is
inverted.
MASTER CLOCK + Lit button indicates the
- active edge of the input
clock.
MASTER CLOCK : 1 Lit button indicates data rate
: 2 relative to input clock
+ 3 rate.
ERROR ADD When lit, one error is

introduced to the output
data sequence eacn 1000
bits.

SLAVE CLOCK + Lit button indicates active
- edge of the input clock.

SLAVE AUTO Select automatic or manual
MANUAL synchronization of the
slave PN generator as
indicated by LED.



SLAVE SYNC

SLAVE INV SYNC

SLAVE GATE

SLAVE RESET

TTL

ECL

REMOTE

In AUTO mode, pushing button
has no effect. in MANUAL
mode, pushing the button
causes resynchronization tc
be attempted. When the

SYNC LED is 1it, the slave
PN generator is in SYNC.

See SLAVE INV SYNC.

In AUTO mode pushing button
has no effect but LED
indicates whether input data
is inverted or not (on =
inverted data). In MANUAL
mode, when on, the slave will
attempt to synchronize with
inverted data when SLAVE SYNC
is pushed. If in sync, the
INV SYNC LED indicates whether
data is inverted or not as in
AUTO,

When on enables sync detection
circuitry, bit counter, error
counter and gated error out
signal.

When depressed the error and
bit counts are set to zero.

When lit selects TTL or
differential TTL interface
as determined by rear panel
switch TTL/DIFF.

Selects differential ECL
interface when lit,

When 1lit indicates FLERT is in
remote control mode and all
other front panel funcions

are disabled. Depressing the
button will return FLERT to
local. The FLERT cannot be
put in remote mode via the
front panel.



ERROR COUNT

ERROR RATE

BIT COUNT

FREQ

When lit display shows current
error count,

When lit display shows current
error rate,

‘When lit display shows current

bit count.

When lit display shows current
output frequency of internal
synthesizer. The frequency
may be changed by depressing
the 3 buttons directly below
the alphanumeric display.

When lit, depressing any of
the buttons below the alpha-
numeric display will decrement
the two digits directly above
them if FREQ is also lit.

10



Section 5
Systea Description

PLERT II is constructed inside LINKABIT's universal chas: 's

and has five internal modules:

1. Power Supplies - Provide +5V (TTL), -5.2V (ECL) and
+24V (Syntest). Additional voltages are generated as
necessary by on-board regulators from the main
supplies.

2. Slave Board - (top board) Exclusively ECL circuitry
for the slave generator, sync circuitry and error
detect.

3. Master Board - This board is a combination ECL and TTL
circuitry. ©SBesides providing the master functions of
clocking and pattern generation, this board has all
the buffers and tranceivers for itself as well as the
slave board for interfacing to the processor board and
to the outside world.

4. Processor Board - This board contains the processor
memory, SIO and GPIB interface circuitry, front panel
controls and bit and error counters.

5. Syntest Board -~ (bottom board) Provides output
frequency from 1 Mz to 15.99 MHz, programmable from
the f:ont panel. Additionally, some interface drivers
and re:eivers are located on that board.

Hcoking up the FLERT in a system is a straight foiward task
and is illvstrated in Pigure 5.1. Clock source to drive the
master and/or the data source may be derived from an external
source or from the FLERT internal synthesizer. The desired

pattern may be selected from the front panel,

11



On the slave side, clock edge and sync mode may be slected as
desired. To start or stop bit and error count, use the gate

button. To clear the counters, use the reset button.

Various operating modes may be selected from the two dip
switches located on the processor board. These are described in
Section 6.

12
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Section 6
Dip Switches

/

Two eigyht-position dip switches are locatad on the front of
the processor hoard for selection of FLERT operating parameters
in addition to the front panel. These switches are accesible by
hing.ng open the front panel. The switch setting may be changed
without turning power off or having to unplug the processor
board.

The switch functions are detailed below,

SWITCH UP ENABLE FAST | GPIB | 1 |1 1 1 1
FRONT PANEL A4 | A3 | A2 | A1l | A0
SWITCH Dome DISABLE SLOW | SIO 0 0 0 0 1}
NORMAL MODE P G S 3 A - St NS 1) -
GPIB Dip Switch (left switch)
SWITCH UP| DIFF! RITHI R4 | SYNCRUN T 1 1 1 1
SPD3 | SPD2 | SPD1 | SPDO
SWITCH DOWN| TTL | RITLO R3 | SYNCHOLD 0 0 0 n
NORMAL MODE UP up DN up X X X X
SIO Dip Switch (right switch)
GPIB Switch (Jeft switch):
Ad4-A0: These switches determine the device address for

TLERT in the GPIB mode.

14



GPIB/SIO:

PAST/SLOW :

This switch selects remote control mode from SIO
(RS-232 3Serial-I/0 or from GPIB.

This switch selects an operating mode for the bit
and error counters. In the "fast" mode reading
of bit and error counter by the processor is
inhibited when a carry is rippled through the
counters. This is done to avoid a false reading
during multiple transitions of the counters'
outputs. In the "slow" mode reading is
continuously enabled.

FRONT PANEL ENABLE:

This switch allows disabling controls from the
front panel. The only operations allowed in this
mode are looking at frequency, bit count, error
count and error rate. This function has been
installed so that nobody will interfere with your
long running test during your absence from the
lab.

SPD3-SPDO: These switches select the baud rate for the RS-
232 remote control and are detailed in that
section.

SYNCRUN/ SYNCHOLD:

In the normal SYNCRUN position the slave sync is
in normal mode, Putting the switch in the
SYNCHCLD® mode has a meaning only when the front
panel control is in manual mode. When this is
the case, a single loss of sync will cause the
Sync LED to remain in the off ©position
indefinitely. This is a very useful feature if
you want to detect a sync loss in a system during
your absence. An example is a system such as a
decoder or modem which looses sync due to "bit
slip®.. In manual mode this will cause the Sync
LED to go off and no resyncing will be attempted
but a further °"bit slip” may cause FLERT to sync
again and you will have missed the loss of sync
event,

15



R4/R3:

RITLO/RITHI:

T™L/DIFF:

For some applications it is desirable to divide
the master clock by 4 rather than by 2. This is
dons by pushing the usual divide-by-3 front panel
button, but putting this switch in the R4
position.

Selects a high or low rate integration threshold
for resynchronization. At a high RIT longer
bursts of <errors are required to cause
resynchronization. As an example, in the low RIT
a burst of 26 consecutive errors is the shortest
burst that will cause resync. In the high RIT, a
burst of 344 consecutive errors is the shortest
burst that will cause resync.

This switch has effect when TTL interface is

‘selected from the front panel. In the TTL

position standard TTL interface is celected from
the front panel BNC's. In the DIFF position RS-
422 differential TTL interface mut be used from
the rear panel.

16



Section 7

Remote Control

Remote control can be made through either RS-232 interface or

from a GPIB controller (but not both at the same time). FLERT is

put {nto remote mode automatically from the remote control
terminal. In order to return FLERT to local mode, the remote
button must be pushed on the front panel, otherwise all front

panel commands are ignored.

The left dip switch on the processor board must be used to
select GPIB/Serial 1/0 operation and the GPIB address. The right
dip switch on the processor board is used to select the SIO
speed. Figure 7.1 below describes these setrings. The switch
settings may be changed on-line but not while typing in cor nands

or receiving data remotely.

S10 Dip Switch § " SPD3 | sPpD2 | SPD1l | SPDO |

Speed  Setting
300 0000
600 0001
1200 0010
2400 J011
4800 0100
9600 0101
19200 0110
0111

not allowed 3

1111

Figure 7.1. SIO Speed

17



Generally a one-to-one correspondence exits between the front
panel coamands and the remote commands. The table below
describes brisfly each command. Multiple commands can be entered
on a single line, separated by any number of Spaces or commas.
Command lines are executed by sending carriage return or line
feed. In the RS-232 mode characters are echoed to the screen and
data or messages sent back automatically. 1In the GPIB mode no
messages are sent and data must be read-in explicitly. Either

lover case or upper case characters may be used interchangeably.

MASTER

P4 Data pattern ¢

P3 Data pattern 8

Pll Data partern 11

P15 Data pattern 15

P16 Data pattern 16

P2 All zero pattern

PINV Invert pattern

PNORM Normal pattern

MC+ Clock positive edge

MC- Clock negative edge.

MD1 Clock divide by 1

MD2 Clock divide by 2

MD3 Clock divide by 3

ERON Frror add on

EROF Error add off

SLAVE

sC- Clock negative edge

SC+ Clock positive edge

AUTO Auto sync

MAN Manual sync

SYNC Resync, valid only in manual mode

SINV Sync to inverted data, valid only in manual
mode.

SNORM Sync to normal data, valid only in mancal mode

GTON Gate on

GTOF Gate off

RST Reset counters

18



PREQ
BTCT
ERCT

SETF

RFREQ
RBTCT
RERCT
RERRT

Byte 1
(firsc byts!)
Byte 2

Byte 3

ayte 4

(last byte) '

m~ 10
SAGHIAL PAGRE 5

3F POOR QUALITY

Display frequency
Display bit count
Display error count
Display error rate

X. XXX Hz
XX, xx KHz} All digits must be entered
XXX. MHz] including a decimal point

Read frequency
Read bit count
Read error count
Read error rate

Read status ASCII. Data returned is identical
to the command language anc¢ describes the
complete state of the front panel buttons

and LEDs.

Read status binary. Data returned is a bit
map of the front panel state according to the
following diagram.

BS B4 33 B2 Bl  LSB
| _»' ! R
v leate ; TW L gppy PRlll weg | |
‘ -1 | SCLK=
sync | i . !
; | !
ALL ; 1 |
zzros | M7 (S | ser2 | 2% mxx~‘!sc1x¢'§
— —
ERROR | : |
2%6.1 ¢ Fyop fuanuaq ser3 |24y MCLX+ ' RESET
, T ) : i
1s ; i e : i
27°7-1] M+l : AUTO | DECR {REMOTE! ECL . TTL
: l ’ | !

Figure 7.2, ASCII Status Bytes
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OF POUR QUALITY

INIERFACE

ECL ECL interface
L TTL interface
GENERAL

INIT Returns FLERT to he following power-up state:

P16
PNORM
MC+
MD1
EROP
sC+
AUTO
GTOF
TTL
1.000 XHz frequency
BTCT
RST

MISCELLANEQUS

<DEL> Deletes the current character (only in SIO)
<ESC> Aborts the current command line or output
stream (only in SIO)

Programming examples:

SI10: ECL,GTON, P8 ,RST,BTCT <CRXLF>
SET® 1.234 MHZ <CR><LF>
RFREQ RBTCT RERCT RERRT RSA <CR><LF>

GPIB: wrt 715, "ECL,GTON,P8,RST,BTCT" <EXECUTE>
wet 715,"SETF 1.234 MHI" <EXLCUTE>
wrt 715,°RFREQ RBTCT RERCT RERRT RSA®" <EXECUTE>
dim A$[100],B${1001,C$(100],D$(100],ES${100] <EXECUTE>
red 715,A$,B$,CS$,D$,ES, <EXECUTE>

Programming hint:
The RSA command returns an 11 (eleven) word string, each word
of which is 7 characters long with at least two spaces for the

last characters. The following lines may be added (following)
the commands above) to start each word at a new line.

20



1->1

*loop”: prt ES(I,I+6]
I+47 => 1

if I<78 go to "loop”
end

21



ACCEPTANCE TEST PROCEDURE

TEST RESULTS
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ATP 21370

1. INTRODUCTION

l1.a Purpose

The purpose of this procedure is to describe the tests to be per-
formed at LINKABIT facilities on the simulation system for the
convolutional encoded and symbol interleaved TDRSS S-Band return
link service in a pulsed RFI environment.

2. APPLICABLE DOCUMENTS

The following document forms a part of this procedure to the
extent specified herein. In the event of a conflict between this
test procedure and the reference specification, the reference
specification shall govern:

RFP #5-41508/187 Statement of Work for Development of
a Simulation System for Validating
the Analytical Prediction of Perfor-
mance of the Convolutional Encoded
and Symbol Interleaved TDRSS S-Band
Return Link Service in a Pulsed RFI
Environment

3. TEST REQUIREMENTS -
3.1 Ceneral

The test item consists of the Simulation System, including the
encoder/interleaver/deinterleaver/Viterbi decoder and the Transi-
tion Probability Generator (TPG).

The test philosophy is to use a Logic Analyzer to verify correct
operation of the Transition Probability Generator and the
encoder/interleaver, and then to use the Past LINRABIT Error Rate
Tester (FLERT) to verify proper operation (in terms of BER) of
the decoder/deinterleaver.

This ATP will verify proper operation of the Simulation System at
various levels of Gaussian noise. It will also verify synchroni-
zation times for the decoder and integrated decoder/deinter-
leaver, as well as specifying numerous other tests described
below. Verification of these tests will imply compliance to all
specifications cited in RFP #5-41508/187.

[
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3.1.1 Description of Test Item. The unit under test is an inte-
grated convolutional coding/symbol interleaving and integrated
symbol deinterleaving/Viterbi deccding simulation system to be
used to validate the analytically predicted performance of the
TDRSS S-band return link with BPSK modulation in a pulsed RFI
environment. Coding is either rate 1/2 or reduced metric rate
1/3. A transition probability generator converts a coded symbol
bit to a 3 bit word based on a distribution loaded into the gen-
erator prior to the test. These 3 bit words are used to emulate

the soft decision output of a BPSK demodulator and are subse-
quently Viterbi decoded.

3.2 Iypes of Tests

Three types of tests will be performed. The first group of tests
will verify proper operation of the encoder, interleaver, and TPG
using an HP1610A Logic Analyzer. Once performance of these is
verified, the deinterleaver/decoder cperation will be tested by
means of a bit error rate test. The third type of test will test
synchronization time, Synchronizc:cion time will be defined as
the number of bit times from the occurrence of an event that
leads to loss of sync to the point at which the deinter-
leaver/decoder achieves the correct sync state. Errors due to
the loss of sync may be produced after the unit achieves proper
sync, but these cannot be distinguished from noise induced
errors. Occurrence of such errors will cease within 3600 bit
times after the deinterleaver achieves proper sync due to the
nature of the design.

Tn addition to these three types of tests, LINKABIT will conduct
a system test using g vernment furnished data. Failure to meet
performance predicted analytically by the government for these
tests shall in no way be construed as failure of the unit under
test.

3.3 Test Control

Tests are to be performed under the supervision of LINKABIT engi-
neering. LINKABIT engineering is to maintain a log of events.

The Contracting Officer is to be notified sufficiently in advance
of testing to allow his representative to witness and verify each
test,

All data taken during in-plant testing is to be properiy identi-
fied and retained fcr incorporation in the Test Report. The Test
Engineer will be responsible for recording all pertinent data,
including the following:
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a. Results of tests
b, Eite of tes
c

gnature o% Test Engineer and Witness
d. Test conditions as required

e, List of Test Equipment (Mfr., Model, Ser., Nos., and
calibration due date).

4. TEST EQUIPMENT

4.1 Iest Eqguipment Required

The following test equipment is required:
HP1610A Logic Analyzer
ATP Data Cassettes #1 and #2
LV7017 extender card

LV7017 cables
BNC cables,

4.2 Iest Setup

Connect the test equipment as shown in figure 1.
4.3 itial Control Positi

Power up all devices.

4.3.1 ELERT Setup. Refer to FLERT manual for operating instruc-
tions,

a, CONTROL TTL

b. MONITOR FREQUENCY = 6 MHz

C. MASTER CLOCK+, +2, ALL ZEROES, ERROR-ADD CFF
d. SLAVE CLOCK~-, AUTO

4.3.2 Calcualtor Setup.

a. Insert program cassette

b. Load special function keys (1dk 1, execute). Depress
"RESET" (£5)

¢, Load LOADTEST program (s/f key £8)

d. 1Insert ATP data cassette #1.

4.3.3 IPG Setup. The BYPASS, BITSLIP, and INVERT switches
should be in "normal* position.

4.3.4 LV7017 Setup. Place the LV7017 in serial mode, on line
with the interleaver out., Set the dipswitches as follows:
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ON (encoder generatnrs not reversed)

ON (differential encoding off)

ON (encoder alternate symbols not inverted)
OFF (decoder alternace symbols not inverted)
ON (differential decoding off)

ON (rate 1/2)

ON (shorter path memory)

OFF (decoder generators not reversed)

D~NANMaWNH-
s 08 o0 08 00 00 e oo

NOTE

"ON" means ON-side is depressed.
"OFF" means OFP-side is depressed.

4.3.5 Cable Connectjions. ¢Cab.< connections are via TWINAX BNCs;
FLERT connections to rear panel differential connectors.

a. Connect FLERT INT CLK to LV7017 ENC 2. RCLK. IN

b. Connect LV7017 ENC 2R CLK. to FLERT MASTER CLK IN
c. Connect FLERT DATA OUT to LV7017 ENC DATA 1IN

d. Connect FLERT SLAVE CLK IN to LV7017 DEC R CLK
e, Connect FLERT DATA IN to LV7017 DEC DATA OUT.

5. TEST PROCEDURE

5‘1 v - - - - ] . - D .c
Genarator® (TPG)

This test uses the HP1610A Logic Analyzer to verify the operation
of the TPG by counting the occurrences of each output and state
and manually comparing them to the input data.

S.1.1 Test Equipment Setup.

a. FLERT. Set up as in 4.3.1.

b. LV7017. Set up as in 4.3.4.

c. TPG. Set up as in 4.3.3.

d. Logic Analvzer. Set up as iollows:

l. Pormat specification:

CLOCK: f41

LABEL ~—POD 4— PODS 3,2,1

ASSIGNMENT: BBBBBAAA )0.0.9.0.0.0.0.4
A B

POLARITY: [+] [+]

NUM. RASE: [BIN] [BIN]

4



CALCULATOR

FLERT

» ENCODER/DECODER

OUTPUT W/ INTLVR

€032
TRANSITION
PROBABILITY
38036 GENERATOR
4
1GPIB INPUT (REAR) A
vy y
INT CLK INPUT
" l MCLK >
MDATA >
. SCLK 4 Lv7017
¢ SCATA
LOGIC
ANALYZER
Figure 1. Test Setup
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2. TRACE specification:
{START]! TRACE XXX XXXXX
TRACE [ONLY] XXX XXXXX 02000
COUNT [STATES] 011 XXXXX
3. LIST specification:
STATE COUNT [ABS]
4. Connect PODs to TPG board as fcilows:

CLOCK: CLK U202-9
GND 0202-8

POD4: BIT 7 0605-3 7
0604-6
U604-5 B field: distribution
U604-4 state

0604-3
U202-11] A field: quantized
U202-6 cutput symbols
U202-4 |
U605-8

WO

,Qv
oo

5. Calculstor. Run LOADTEST Program, Load track O,
file 45 from ATP data cassette #1. When load is
cormplete, depress START (s/f key f2).

S.1.2 Qutrut Distributiop. The Logic Analyzer will trace every
2000 <ciocks for a total of 126,000, and counts every occurrence
of the output selected in the "count states® field of the trace

specification. The totai count appears in the STATE COUNT column
of line +63.

a2, Perform a trace. The STATE COUNT a+ line +63 is the
number of occurrences of output 0ll in any state in
126,000 clocks. Record the result on the data sheet,.
b. Change the TRACE specification to the following:
COUNT [STATE] 010 XXXXX

Prcform a trace. Record the count at line +63 on the
data sheet.
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Repeat for COUNT [STATES]

1. 001 XXXxX
2. 000 XXXxX

3. 100 XXXXX
4. 101 XXXXX
5. 119 XXxxX
6. 111 XXXxxX

Record the counts at line +63 on the data sheet.

Compare the observed results to the expected values.
Results should agree with expected values to within
20%. Due to the probabilistic nature of these re-
sults, failure to agree will not be construed as a
test failure,

5.1.3 State Distribution. The state distributions will be veri-
fied in the same manner as the output distribution.

Change the TRACE specification to the following:
COUNT (STATES] XXX 00000

Perform a trace. The STATE COONT at line +63 is the
number of occurrences of any ocutput in state 00000 in
126,000 clocks. Record this count on the data sheet,

Change the TRACE specification to the following:

COUNT [STATES] XXX 00001

Perform a trace. Record the count at line +63 on the
data sheet.

Repeat for states XXX 00010
XXX 00011
XXX 00100

Record the counts on the data sheet.
Compare the observed results to the expected values.

Results should agree to within 20%. Failure to agree
will not be construed as a test failure.

S.1.4 Hold States. Reset the TPG (s/f key f£5). Run LOADTEST
and load track 0 file 6. When load is complete depress START
(s/f key £2). Change the Logic Analyzer TRACE specification as

follows:
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(START] TRACE XXX 00000
TRACE [ALL)
COUNT [(OFF!

Perform a trace., The Logic Analyzer will trigger wken
the TPG reaches state 00000. This state has a hold
time of 0, thus a new state should appear at line +01.
(The value of field A 1is irrelevant.) Record the
result (P/F) on the data sheet.

Insert a trigger qualifier in the TRACE specification.
Set FIND IN SEQUENCE XXX 00000
Set [START] TRACE XXX 00001

Perform a trace. The logic analyzer will trigger on
reaching state 00001. A new state should appear at
line +11. Record the result (P/F) on the data sheet.

Set [START] TRACE XXX 00010 and perform a trace. A
new state shonld appear at line +21.
Repeat for states XXX 00011 (new state at +31)

XXX 00100 (new state at +41)
Record the results (P/F) on the data sheet.

5.2 Encoder Operation

This test uses the HP1610A Logic Analyzer to verify proper encod-
er operation,

5.2.1 Test Equipment Setup.

a,

ELERT. Set up FLERT as in 4.3.1, except place MASTER
ERROR-ADD to ON.

LV7017. Set up LV7017 as in 4.3.4. Place the 1I/0
board on the extender card.

TPG. The TPG is not used in this test,

. Set up the HPl610A Logic Analyzer as
follows:

1. PORMAT specification:

CLOCK: [+]
LABEL POD 4 PODS 3,2,1 —
ASSIGNMENT: X X X X X X A A XXX XXXXX

POLARITY: [+]

NUM. BAaSE: [BIN]
8
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2. TRACE specification:
{START] TRACE 11X
TRACE [ALL STATES]
COUNT [OFF]
3. Conrect pods to I/0 board as follows:

CLOCK: CLK 0107-3 symbol clock
GND 0107~7 ground

POD4 : BIT 1 0103-4 data in
BIT 0 U107~5 data out
GND U103-8 ground

5.2.2. Procadure.

The encoder mode switches are set to rate 1/2, Gl, and
G2 normal mode., Perform a trace. The resulting trace
should be as shown on the data sheet. Record the
result (P/F) on the data sheet.

Set the encoder mode switches to rate 1/2, with Gl and
G2 reversed as follows:

l. OFF (generators reversed)

2. ON (differential encoding off)

3. ON (alternate symbols not inverted)
6. ON (rate 1/2)

Perform a trace. The resulting trace should be as
shown on the data sheet, Record the result (P/F) on
the data sheet.

Set the encoder wmode switches to rate 1/2, with alter-
nate symbols inverted as follows:

1. ON (generators not reversed)

2. ON (differential encoding off)
3. OFF (alternate symbols inverted)
6. ON (rate 1/2)

Perform a trace. The resulting trace should be as
shown on the data sheet. Record the result (P/F) on
the data sheet,
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d. Set the encoder mode switches to rate 1/3, normal mode
as follows:

1. ON (generators not reversed)
2. ON (differential encoding off)
3. ON (alternate symbols not inverted)

6. OFF (rate 1/3)

Change the FLERT Master Clock divider to :3. Perform
a trace. The resulting trace should be as shown on
the data sheet. Record the result (P/P) on the data
sheet.

e. Set the encoder mode switches to rate 1/3, alternate
symbols inverted as follows:

l. ON (generators not reversed!

2. ON (differential encoding off)
3. OFF (alternate symbols inverted)
6. OFF (rate 1/3)

Perform a trace. The result should be as shown on the
data sheet,. Record the result (P/F) on the data
sheet,

5.3 Decoder Operation

The following group of tests demonstrates proper functioning of
the Viterbi decoder in all 1its modes. The tests involve
measuring BER at various levels of Ep/No. The decoder shall be
determined to be operating correctly if it produces the expected
bit error rate in AWGN provided by the TPG. Due to the probabi-
listic nature of BER tests, failure of the decoder to produce the
exact BER expected cannot be construed as a test failure. BER
should fall between the minimum and maximum values iisted on the
data sheet.

5.3.1 ZITest Equipment Setup.

a. FuLERT. Setug as in 4.3.1, except:
PATTERN = 216-1,

t. LV7017. Setup as in 4.3.4.

c. Logic Analyzer. The Logic Analyzer is not used in
this test.

d. TPG. Setup as in 4.3.3.

10
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5.3.2 M_umm. For this test, it will
te determined that the LV7017 can successfully decode in all rate
1/2 configurations at an Eb/N° of 4.4 dB.

a. Reset TPG (s/f key f5). Run LOADTEST and load track,
0 file 6 from ATP data cassette $#2. Depress START
(s/f key £2),

b. Turn FPLERT Gate ON. The LV7017 dipswitches have been
set for rate 1/2 normal mode,

¢. Reset FLERT and observe ERROR RATE for 2 minutes. Bit
error rate should be 10 °?, Record result on the data
sheet,

d. Change LV7017 dipswitches as follows:

1, OFF (generators reversed)
8. ON

€. Reset FLERT. Observe ERROR RATE for 2 =minutes. Bit

error rate should be 1077, Record result on the data
sheet,

f. Change LV7017 dipswitches as follows:

l. ON (encoder cgenerators not reversed)
3. OFF (alternate encoder symbols inverted)
4. ON (alternate decoder symbols inverted)

8. OFF (decoder generators not reversed)

¢. Reset FLERT. Observe ERRQR RATE for 2 minutes, Bit

error rate should be 107°. Record result on the data
sheet,

5.3.3 Rate 1/2 Decoder Output Erxor Rates. For this test, it
will be determined that the decoder produces the expected output
error rate in rate 1/2 normal mode at Eb/No of 3.0, 3.75 and 5.1
dB.

a, Peturn LV7017 dipswitches to positions established in
4.3.4 (rate 1/2, normal).

b. Run LOADTEST and load track 0 file 12 from ATP data
cassette $#1. Depress START (s/f key f2). Reset FLERT
and gbserve ERROR RATE for 2 minutes., BER should be
9X10™°. Record result on the data sheet,

¢, Run LOADTEST and load track 0 file 18 from ATP data
cassette #1. Depress START (s/f key f2). Reset FLERT:

11
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and observe ERROR RATE for 2 minutes. BER should be
10-4. Record result on the data sheet.

d. Run LOADTEST and load track 0 file 24 from ATP data
cassette $#1. Depress START (s/f key f2). Reset FLERT
and observe ERROR RATE for 5 minutes. BER should be
106, Record result on the data sheet,

5.3.4 Ep/No = 4,1 dn, Rate 1/3 BER. For this test, it will be
determined that the decoder produces the expected BER at both
rate 1/3 configurations at an Eb/N° of 4.1 @B,

a. Change LV7017 dipswitches as follows:
6. OFF (rate 1/3 normal)
Change FLERT Master Clock divider to +3, Run LOADTEST
and load track 1, file 0 from ATP data cassette #1.
Depress START (s/f key £f2).

b, Reset FLERT. _Observe ERROR RATE for 2 minutes. BER
should be 10'5. Record result on the data sheet,

¢. Change LV7017 dipswitches as follows:
3. OFF (rate 1/3, alternate symbols
4. ON inverted)
Reset FLERT. Observe ERROR RATE for 2 minutes. BER
should be 10-5, Record result on the data sheet.

5.3.5 Ep/No = various, Rate 1/3 BER. For this test, it will be
determined that the decoder produces the expected BER in rate 1/3
normal mode at Eb/No of 2.5, 3.4, and 4.8 dB.

a. Change LV7017 dipswitches as follows:
3. ON (rate 1/3 normal)
4, OFF

b. Run LOADTEST and load track 1, file 6 from ATP data
cassette #1. Depress START (s/f key f2). Reset FLERT
and _ observe ERROR RATE for 2 minutes. BER should be
10-3, Record result on the data sheet.

¢. Run LOADTEST and load track 1, file 12 from ATP data
cassette $#1. Depress START (s/f key f2). Reset FLERT
and observe ERROR RATE for 2 minutes. BER should be
10-4, ReccrA result on the data sheet.

d. Run LOADTEST and load track 1, file 18 from ATP data
cassecte #1. Depress START (s/f key f2). Reset FLERT
and  observe ERROR RATE for 5 minutes, BER should be
10-6, Record result on the data sheet. :

12
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5.4 Interleaver QOperation
This test will verify the interleaver PN sequence, and verify
thrt the symbol from the encoder G! generator is covered by the

first bit of the PN sequence and that it enters the top tap
(zero—-delay) path of the interleaver.

5.4.1 ZIest Equipment Setup.
a., PLERT. Set up FLERT as in 4.3.1.

b. LVI1Q017. Set up LV7017 as in 4.3.4. Place interleaver
board on the extender card. Switch INTERLEAVER IN.

¢. IPG. The TPG is not used in this test.
d. Logic Analyzer.
1. PORMAT specificz*ion:
CLOCK: [+]

LABEL —POD 4— —POD 3— PODS 2,1
ASSIGNMENT: AAA BBBBB XXX CCCcCC XXXXXXXX

A B C
POLARITY: [+]1 “[+] [+]

NUM, BRASE: [BIN] [DEC] [DEC]
2. TRACE specification:

[START] TRACE 1XX XXX XXX

TRACE [ALL]

COUNT [OFF]

3. Connect PODs to interleaver board as follows:

CLOCK: CLK U206-1 ICLOCK
GND 0206-8
POD4: BIT 7 0003-15 Start PN
6 U303-6 Rate Clock
5 0303-1z PN sequence
4 U206-13
3 U205-3 WRITE address
2 D205-6
1 0205-10
0 U205-13
GND U206-8

13
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POD3: BIT 4 U206-14
3 U0205-2
2 U0205-5 READ address
1l U205-11
0 U205-14
GND U205-8

5.4.2 PN Sequepnce. Perform a trace., The listing on the Logic
Analyzer should appear as on the data sheet. The PN segquence
appears in the third column of the A field, with the first bit of
the sequence in 1line +01. The B and C fields are irrelevant,
Record result (P/F) on the data sheet.

5.4.3 PN and Tap Synchronization.

a. Perform a trace. Line +01 of the 1listing represents
the “top tap" (zero delay). This line should appear
as follows: +01 010 N N

(Where N can be any number from 02 to 31 inclusive.)
This result shows the rate clock high, the first bit
of the PN sequence and that the write address is the
same as the read address. Repeat 4 times and record
the result (P/F) on the data sheet,

b. Set [START] TRACE 101 31 31. Perform a trace, The
Logic Analyzer display should appear as on the data
sheet, Record result (P/F) on the data sheet,

C. Set FLERT Master Clock divider to <3. Set LV7017 dip-
switch 6 to rate 1/3 (OFF). Perform a trace. The
Logic Analyzer display should appear as on the data
sheet, Record result (P/F) on the data sheet,

5.5 DReinterleaver Operation

The deinterleaver will be tested in two different ways. The
first test will verify that a burst of 30 bits is dispersed so
that 120 bit times or more separate each pair of bits in the
burst in the deinterleaved sequence, The second test will verify
that the BER of the combined CODEC and interleaver/deinterleaver
is the expected value for both rate 1/2 and rate 1/3 in the pre-
sence of Gaussian noise.

5.5.1 Test Equipment Setup.

14
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a. PFLERI. Set up as in 4.3.1, except: PATTERN INVERT =
ON.

b. LY7017B. Set up as described in 4.3.4., Place inter-
leaver on extender card. Remove DROM V103 on inter-
leaver and replace with test PROM 1, an unprogrammed

(i.e., all addresse=0) PROM.

C. TPG. Resct TPG (s/f key £5). Run loadtest and 1load
from ATP test tape #2 file 0, track 0. Depress START
(£2).

d. Logic Analvzer.

1. FORMAT specification:

CLOCK: [+]

LABEL -POD 4- PODS 3.2.1

ASSIGNMENT: XXXXXXX XXXXXXX
A

POLARITY: ([+]
NUM, BASE: [HEX]

2. Trace Specification
(START] TRACE O
TRACE [ONLY STATES] 3
COUNT [STATES] X

3. Connect PODS to interleaver card as follows:

CLOCK: CLK Al103-9 CLCCK
GND Al103~8
POD 4: BIT 0 Al04-10 SIGN BIT out of dein-
terleaver prior to
GND Al04-7 PN ADD.
5.5.2 Deinterleaver Burst Dispexsion Capabjilitv.

Perform a trace. The output of the encoder/interleaver is an all
one's dGata stream, The TPG contains two states, The higher
probability state is a perfect channel state in which no errors
are introduced., The lower prooability state is a length 30 burst
during which all channel symbols are inverted. 1If the deinter-
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leaver is pe-forming vproperly, these symbols will be separated
from each other by a. least 11% bits. Verify that this is so by
observing that the relative state count displayed on the logic
analyzer trace is at least 119 for each state, Record the result
(P/F) on the test data sheet,

5.5.3 Test Equivment Setup.

a. ELERT. Set up FLERT as in 4.3.1, except:
PATTERN = 216-1.

b. LV7017. Set up LV7017 as in 4.3.4. Remove test PROM
#$1 from the location of V103 and replace PROM V103 on
the interleaver card. Place interleaver back into
chassis. Switch INTERLEAVER IN.

n, TPG. Reset TPG (s/f key 5). Run LOADTEST and load
track 0, file 6 from ATP cassette $#2., Depress START
(£2).

4., Logic Ap2lyzer. The Logic Analyzer is not used in
this test,

5.5.4 Rate 1/2 Normal. Reset FLERT and observe ERROR RATE for 2
minutes, BER should fall in the range shown on the data sheet.
Record result on the data sheet,

5.5.5 Rate 1/3 Normal. Set LV7017 dipswitch 6 to rate 1/3
(OFF) . Set FLERT Master Clock divider to -3. Run LOADTEST and
load track 1, file 0, Reset FLERT and observe ERROR RATE for 2
minutes. BER should fall in the range shown on the data sheet,
Record result on the data sheet,

5.6 Initial Svynchronization

The TPC <chatains a distribution of 5 states such that the first
four produce 50% channel errors but have quality bits fitting a
Gaussian distribution of Ep/N, 4.4 dB, and the fifth is 4.4 dB at
rate 1/2. The transition probabilities are such that the TPG
will progress fiom state 1 to state 5 in about 40 seconds.

5.6.1 Test EqQuipmenc Setup.

a. FLERT. Set up FLERT as in 4.3.1, except:
PATTERN = 216-1,

b. LV7017. Set up LV7017 as in 4.3.4, except: place the
I/0 board on an extender card and switch INTERLEAVER
IN.

16
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c. Logic Analvzer.
1. FORMAT specification:
CLOCK: [+]
LABEL —_— —_—3
ASSIGNMENT: XBBAAAAA XXXXXXXC
A B C
POLARITY: [+] [+] [(+]
NUM, BASE: [HEX] [RIN] [BIN
2., TRACZ specification:
[START] TRACE 04 XX X
TRACE [ONLY] XX XX X 03000
COUNT ([STATE] XX XX 1
3, LIST specification:
STATE COUNT (REL]
4, Connect the pods to the 1/0 board and TPG board as
follows:
CLOCK: U804-2 RCLK (I1/0 boazd)
POD4: BIT 6 U000-3| BITSLIP |
S U000-6_| INVERT
4 U605-3]
3 U604-6 (TPG boazd)
2 U604-5 “stace®
1 U604-4
0 1604-3] B
POD3: BIT 0 U8B04-10 SYNCLOSS (I/0 board)
d. PReset TPG (s/f key £5). Run LOADTEST. Load track
1 file 24 from ATP data cassette $1.
5.6.2 pPerformance Test. Perform a trace. Depress START (f2).

When the TPG reaches the Gaussian noise state, the logic analyzer
It will trace every 3000 clocks and count the

will trigger.
SYNCLOSS signals.

in the 1last 1line

17

The initial synchronization time is the number
of clocks betw=en the trigger and the last SYNCLOSS.
SYNCLOSS occurs

The last
in which a non-zero count
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appears in the STATE COUNT column., The number of clocks is thuis
line number multiplied by 3000. Record this result on the dJata
sheet,

5.6.3 To repeat this test, depress STOP (s/f key f4) and repeat
paragraph 5.6.2. Repeat 9 times and record the results on the
data sheet.

5.7 Reavnchronization

This test will verify the resynchronization time after a bitslip
or a phase inversion both with and without the interleaver,

5.7.1 Test Equipment Setup.

a. FELERT. Set up FLERT as in 4.3.1, except:
_ PATTERN = 216-1,

b, LV7017. Set up LV70l17 as in 4.3.4, except: place the
I/0 board on a:.. extender card and switch I'™ "~ EAVER
ouT.

c. Logic Analvzer.
1. FORMAT specification:
CLOCK: [+]

LABEL —_—— ——— 33—
ASSIGNMENT: XBBAAAAA XXXXXXXC

A B C
POLARITY: [+] [+] (+]

NUM. BASE: [HEX] [BIN]  [BIN]
2. TRACE specification:
{START] T.ACE XX 0X X
TRACE [ONLY] XX XX X 00100
COUNT [STATES] XX XX 1
3. LIST specifications:

STATE COUNT (REL]

18
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CLOCK: U804-2 RCLK (1/0 board)

~
POD4: BIT 6 U009-3| BITSLIP
5 U000-6_ INVERT
4 U605-3
3 U604-6 (TPG board)
2 U0604-5 *state"
1 U604-4
0 U604-3 o

POD3: BIT 0 U804-10 SYINCLOSS (/0 board)

TIPG. Place BITSLIP, INVERT, and BYPASS switches in
NORMAL position. Reset TPG (s/f key f5). Run LOAD-
TEST anc load track 0, file 0 from ATP data cassette
#1. Depress START (s/f key £f2).

Procedure.

e,

Perform a trace. Switch BITSLIP from NORMAL to
DELAYED. The BITSLIP switch will trigger tne logic
analyzer. The resynchronizaticen time after intro-
duction of one clock delay is the number of clocks be-
tween the trigger and the last SYNCLOSS. The number
of clocks is the number of the last line containing a
non-zero state count multiplied by 100. It should be
less than 500, Record this result on the Gata sheet.
Set BITSLIP switch to normal.

Repeat 4 times, recording results on the data sheet,

Change TRACE specification on Logic Analyzer to:
[START] TRACE XX X0 X. Return BITSLIP switch to nor-
mal, Perform a trace,. Switch INVERT. This will
trigger the Logic Analyzer. The resynchronization
time after an inversion is the number of clocks be-
tween the trigger and the last appearance of SYNCLOSS.
Record this result on the .Jata sheet.

Repeat 4 times, recording results on the data sheet.

Return INVERT switch to NORMAL. On the LV7017, switch
INTERLEAVER IN. On the Logic Analyzer, change TRACE
specification to:

(START] TRACE XX 0X X

TRACE [ONLY] XX XX X 01000

Perform a <ctvace, Switch BITSLIP from NORMaL to
DELAYED. Tne resynchronization time is the number of
clocks between the trigger and the last appearance of
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SYNCLOSS. This nomber is the number of the last line
containing a nonzero state count multiplied by 1000.
Record this restit on the datz sheet. Set switch to
NORMAL. Repeat 3 times,

f. Change logic analyzer trace specification to the fol-
lowing:
[START] TRACE XX 1X X
TRACE [ONLY] XX XX X 01000

Set BITSLIP switch to delayed, Perform a trace.
Throw switch to NORMAL. Record synchronization time
as described in the previous paragraph on the data
sheet. Repeat 3 times,

6. TEST OF AUTOMATED TEST PROGRAM

Setup the LV7017 as in INITIAL SETUP. Insect program cassette
and load program RUNTEST (s/f kev fl1l1). Verify that the HP9825
is connected to the FLERT via HPIL interface and that the select
code of the interface is set to 7. Depress "RUN®™ on the HP982S5.

The HP9825 will request a variety of information, Enter the fol-
lowing data.

Number of tests: 3

Rate: 1/2
track#: Q
file#: 12

symbol clock: §£000000Q
Pattern: 135

inverted pattern: po (s/f key 1)
length of test: 3.6e8

track#: Q

filed: 18

symbol clo~k: 4000000

rpattern: 11

inverted pattern: yes (s/f key 0)
length of test 4_Qef

track#:

filed: @

symbol clock: 6000000

Pxttern: 16

inverted pattern: pno (s/f key 1)
length of test: 5.0eS

Depress _ONTINUE. The HP9825 will setup and start test $#1 which

will run until the FLERT has recorded more than 3,6X1068 bits.
For the duration of test #1 the FLERT should display error rate,

20
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pattern 215-1, Master clock +2 and pattern invert off. The
BP9825 will record the error rate on its paper printout 3t the
conclusion of the test. This should be between 7X10° and
1.1X10-3. Record the result (Pass/Fail) on the data sheet.

For test #2 the FLERT should display error rate, pattern 211-1,
pattern invert on, and Master clock +2. The error rate recorded
at the conclusion of the test shouid be between 8X10~5 and
1.2X10-4. Record the result (Pass/fail) on the data sheet.

For test #3 the FLERT should display error rate, pattern 216—1,
pattern invert off, and Master clock +2. The error rate recorded
at the conclusion of the test should be between 8%10~% and
1.2Xx10">, Record the result (Pass/fail) on the data sheet,

7. GOVERNMENT DATA TESTS

Prepare a data tape on the HP9825 for the specified distribution
(see TPG manual). Run the LOADTEST program to locad the distribu-
tion into the TPG. Set up the FLERT and LV7017 as needed for the
test. Depress START (s/f key £f2 on the HP9825). RESET the
FLERT. Record the results of the test and the type of test on
the data sheet,
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APPENDIX A
ATP DATA TAPE £1 |
file
0 5 identical distributions oZ Ep/N, = 4.4 dB
at rate 1/2. State transitions are independent
of state. No hold.
6 S identical no noise distributions. Equal state
probabilities. Varying hold times.
12 1l state : rate 1/2 Eb/xo 3.0 4B
18 1l state : rate 1/2 Eb/‘so 3.75 ¢B
24 1 state : rate 1/2 E/N_ 5.1dB |
0 1l state : rate 1/3 Eb/xo 4.1 4B
6 l state : rate 1/3 Eb/xo 2.5 dB
12 1l state : rate 1/3 Eb/No 3.4 dB
18 1 state : rate 1/3 E /N 4.8 a8 i
24 Initial synchronization test. 4 states of anarchy.
1 state of Eb/N° 4.4 @B at rate 1/2.
trk 0/file 0 trk 0/3ile 6
State Prob State Hold
0 102 0 0
1 51 1 10
2 51 2 20
3 26 3 30
4 26 4 40
ATP DATA TAPE £2
file
0 No errors: occasional bursts of 30 errors (2 states)
6 Rate 1/2 Eb/No = 4.4 dB 1 state Gaussian
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Acceptance Test Procedure Data Sheet
for

ATP 21370

Decoding Simulation System ﬂ o
Test Enginee . NASA Representative ’W") 7-// /

EMVER W. WERR
pate___J-5-5%/ 4
HPlowA cl. Lale : Due 7-2-%)
TEST 1l: TPG Output and State Distributions
RESULT
TEST OUTPUT I'EXPECTED  MIN _ WAX CoonT
Paragraph 5.1.2 211 71890 57512 86268 71023
Output distribution 010 22733 18186 27280 | 22937
o0l 16334 13067 19600 A
000 9167 7333 11000 9506
100 4030 3224 4836 “4{3C
101 1384 1107 1660 | 7473
110 369 295 443 &
111 92 74 110 7%
State
Paragraph 5.1.3 60000 50203 40162 60244 0lT
State distribution oooo0l 25102 20082 30122
00010 25102 20082 30122
00011 12797 10238 15356 (
00lo00 12797 10238 15356 fz,%{i
Trigger on| New state should
State appear at line # Pass/Fail
Paragraph 5.1.4 00000 +01 Ess
Hold states 00001 +11
00010 +21
00011 +31 73S
00100 +41 194
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24

- v /€ 3
pate_3-S-5) A} x
E
TEST 2: Encoder Operation
Paragraph: 5.2.2a 5.2.2b 5.2.2¢c 5.2.2d 5.2.2e
Test: rate 1/2 rate 1/2 rate 1/2 rate 1/3 rate 1/3
normal generators alternate normal alternate
reversed symbols symbols
inverted inverted
START 10 10 10 10 10 or 11
+01 10 10 11 10 11 10
+02 00 00 00 10 10 11
+03 00 00 0l 00 4 00 f
+04 01 o1 o1 0q_ . J.§+
+05 01 01 00 ue o)A 88 R
+06 01 00 01 ol ( 00l i
+07 00 01 0l 01 of: olyg |
+08 o1 0l 01 01 ole o/l
+09 o1 o1 00 00 ole 09! :
+10 01 01 01 ol ole 09Q/
+11 01 ol 00 01 00/ 0%e
+12 00 00 00 0l o} » 04
+13 00 00 0l ol 09! 0lo i
+14 00 0l 00 ol olo 001
+15 01 00 00 01 09 ? 0 =
+16 01 01 01 00 0¢! ogl
+17 0l 01 00 00 olo 0q!/
+18 00 00 00 00 00| 0
+19 00 00 01 0l 09/ 0
+20 00 00 00 00 0d¢ 010
+21 00 00 0l 0l 00/ olo
+22 00 00 00 00 0p¢ olc
+23 00 00 01 4, ol 00/ olo
+24 00 00 00 0l v 010 ogﬂ
+25 00 00 01 Lxx 01 l/ac00 1 019
+26 00 00 00 00— 60— gt
Pass/Fail: | /S5 Fss Ass [Zss Fss
77 401mc
Vv \I1F/
. LA
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s W

R w. HE
pate FS— g/ DeEVs w. HERR
TEST 3: Decoder Operation
RESULTS .
TEST EXPECTED MIH “MAX Pass/Fail
Paragraph 5.3.2
Eb/uo = 4.4 dB, rate 1/2 -6
normal 107 8 x 108 1.2 x 1077 9. B4 Tass
generators reversed 107 8 x 107 1.2 x 107° t?_l‘_gﬁi}aiﬁ
-5 -6 -5
alternate symbols 10 8 x 10 1.2 x 10 7.9r344 x5S
inverted
Paragraph 5.3.3
rate 1/2, normal - _ - - -4
Eb/No = 3,0 4B 9 x 10 4 x 10 4 1.1 x 16 3 ?'gos-”o&”
3.75 4B 1074 g8 x 107> | 1.2 x 107%| 7.92x0%uss
s—0 dB 1078 8 x 1077 |1.2 x 10~8| L1y 6%
51
Paragraph 5.3.4
rate 1/3,
Eb/N = 4,1 dB
o - - £
normal 1072 x 1078 { 1.2 x 1073 Llooxio
alternate symbols 1072 x10°%]1.2 x 1073 10 3
inverted
Paragraph 5.3.5 3
rate 1/3, normal - - _ -
E /N, = 2.5 dB 10”3 x 1074 [ 1.2 x 1073 | ASUM puss
- o -
3.4 aB 1074 x 107" 1 1.2 x 1074 /03800
4148 10”6 8 x 1077 11.2 x 1079|8242
H1

- -
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Acceptance Test Procedure Data Sheet

for
Decoding Simulation System

Test Engineer%é

%NASA Representative
N

Nm7A

UERvER W HERR

pate__ 3-$-C1
TEST 4: Interleaver Operation
TEST LOGIC ANALYZER DISPLAY PASS/FAIL
Paragraph 5.4.2
PN Sequence

START 101 PASS
+01 010
+02 000 f
+03 010
+04 000
+05 0lo0
+06 001
+07 011
+08 001 ~
+09 010
+10 000
+11 01l
+12 000
+13 010 .
+14 000 1
+15 011 I
+16 000
+17 011
+18 000
+19 011
+20 o0l ]
+21 01l
+22 001, I
+23 010
+24 001 1T
+25 011
+26 000 T
+27 011 )
+28 000 ]
+29 010
+30 101 ]
+31 o1c¢ @
+32 000 EES

26
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Date 3’( "'?L

Acceptance Test Procedure Data Sheet

for

Decoding Simulation System

NASA Representative

7

Verv e

TEST 4: Interleaver Operation (Continued)
TEST LOGIC ANALYZER DISPLAY PASS/FAIL
Paragraph 5.4.3.a
PN Synchronization A B c
START 101 N-1 N ov N-( Puass
+01 olcC N N
Paragraph 5.4.3.b
Tap Synchronization A B c
rate 1/2 START 101 31 31 & :
+01 010 02 02
+02 900G 03 02
+03 010 04 02
+04 000 OS5 02
+05 010 06 02
+06 001 07 22
+07 011 o8 02
Paragragh 5.4.3.c
Tar Synchronization A B c 7>
rata 1/3 START 101 31 31 45°
+01 010 02 02 f
+02 010 03 02
+03 000 04 02
+04 010 05 02
+05 010 06 02
+06 001 07 02
+07 011 08 02
+08 011 09 02
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NN -
pL LI PR S S

for

PR, Decoding Simulation System

Y S AT T I S
~," NG L A s

Test Enginee

NASA Representative

A7 21320

.

DAVVEX W R

Uit

1
!

pate 75~ 5/
TEST S: Deinterleaver Operation
RESULTS
PA
B TEST EXPECT MIN MAX SS/FAIL
Paragraph 5.5.2 > 20
~ Deinterleaver burst duspersmn far-eashwedate- - 3 RSS
Paragraph 5.5.4 1075 "8 x10€ - 1.2x10° .
Rate 1/2° 4.4dB ‘ : | 7.C06¢I0° p<sS
Paragraph 5.5.5 10°° 8x106  1.2x10° (12410 pass |
Rate 1/3 4.1 dB , | ;
TEST 6: Initial Synchronization
. TEST TRIAL PASS/FAIL
Paragraph 5.6.2
Initial synchronization
maximum = 120,000 1. 36,000 -Sy»bol Huwg F50 UsS
' 2. (2,000 . o> -
3. e, 000 2 o)
4. 46,000
5. 30,000
6. 43,000 PAS
7. 7000 Hss
8. (q,000
9. gf,000 s —
10. 24,000 _MASS

£ STHIL COU'T ¢S /19 FER 29 0T OF 30 STATE CoowTS WHEY 3O
37T wi10TH WELT S E /S NET SYwCHIOVOTS WiTH D€ wWTELLEAVEL
Sywe. STATE O, THE LEMA 176 STRTE COINT IS [4F WITH THE

STATE (ST P51 20 BE/INE LAV OCrn,

WHEHN THE 3 (Brr wiDTH pri/7

LUeSE )S-SraCaAREmIcsS Wik T//c OK/W"(«”(,C/?&"% Syra sTHTE O
Ale 30 STHTE Covn'TS arg’ //9‘ 7
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oo L e T Acceptance Test Procedure Data Sheet
for
Decoding Simalation System
Test Engineer NASA Representative C Zn-") 7 /42
3 b,‘:ﬁ =
pate 3-S-§] DEMVER 1 1leeR
TEST 7: Resynchronization
TEST TRIAL PASS/FAIL
Paragraph 5.7.2.a 1. Q00 Symbel Limas ____255
Resync after BITSLIP 2. jo0 N\
w/0 interleaver. 3. 200 Z
maximum = 500 4. /00

5. 1o > o

Paragraph 5.7.2.c 1.0 ?l‘SS

Resync after inversion 2.D A
w/0 interleaver 3.0
maximum = 500 4. )

Ey = 4. 448 >-0 ﬂs_:
Paragraph 5.7.2.e 5.7.2.e 1. 4990 a'-‘1"‘A‘),{""“"5 Pass
Resync after BITSLIP 2. 2000 xp» PSS
with interleaver 3. 00 Pa €S
maximum = 8,000 5.7.2.£f 1. 3c00 T

2. 3vo0 XY
3. 3000 XY

29
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TEST 8: Automated Test Program

TEST PASS/FAIL
Test 1 2@&_
Test 2 _1175__? 3
Test 3 ?ﬁs

30
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Government Data Test (Paragraph 6)

TEST 9:

RESULTING BER PASS/FAIL

TEST EXPECTED  MIN  MAX
.

w 1 SOFr pLcISsion/
* W, < LoSS OF DeoeR Syk

Wi fu/7. < LOSS OF Decope k. Svae

« pARD DECISIOr
Wi, = pox0 T
wifrr - L9 pe T

"R SOFT VEGSION
" wirate — CES5 OF BUobC YA

%
W T A7, ~ LOSS OF DECCDL SYak
HAKRD dec/S/on —
VT ~ J A0
wfINT, — 4,/ X0

Cas

tooe X
F 3. SOFT DEC/SV ( A7

WIAT, - R.b6X0™ <
WO INT ~Q. 8§ X O

CASE £ SOFT DEC/Sron/ 2 occnss
Y - DECODER oA g o
WEMT T evres S

2.9 x5"° sencev wssoFsive
w/b/i'uz - MSS OF DERVER Syl
APES. SOr7 DECS//

W/ AT, = [/ 3 X0
wh LT - LfxR™E
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DRGINAL PARE 1S
Case 1 OF FOOR QUALITY
#?

0,1,5,16,44,109,229, 3692
1671,128,125,124,124,125,128,1671
243,13

243,13

¢,0

Infinite CW RFI In-band; Rate 1/2
PULSE/SYMBOL = 1

PREDICTED PE = 1E-4

“G

/ 4,.4( /).-fx. oy

A nF [ PN
%/c’ T T Al x/0 4

Sopf Coseim,

V/a w7
w w7

-

OSS OF DECIUR St

~—

Case 2

#2

0,1,5,16,44,109,223,3692
1671,128,125,124,124,125,128,1671
253,3

253,3

0,3

Infinite CW RFI In-band; Rate 1/2
PULSE/SYMBOL = 4

PREDICTED PE (WITH INTERLEAVER) = 1E-4
~6

AL D

WW

DecIoD. =R LOS/wE SHAC
Wy 72, L TH VT AT

DECISrov WL L

1i7 ) TR P SEAC TR pe
1;;,/;(,&9“3<f5”

A ) w0 =Y T SRS

Case 3

#2
0,2,9,37,111,263,488,3186
484,221,276,327,366,388,388,1647
238,73
238,18
0,0
NOISE RFI; 45 DBW E IRP; Rate 1/2
PULSE/SYMBOL = 1
PREDICTED PE = 2.6E-5
“G
32

7T pEEAS e
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fu7 00T ZEXDT
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Case 4 JAiwiaL PAGE IS
3F POOR QUALITY L P
Sp T < A

?

0,2,9,37,111,263,488,3186 JNT I DeCcoDel 9,_1’:;@_(5’:?
484,221,276,327,366,388,388,1647 _ .

» ’ » ] ] » » a8 //o .;\r 3 )‘—J'

. 252,4 # ) 7

252,8 15T CUT pecovel tin.
0,4 SYw

NOISE RFI; 45 DBW EIRP; Rate 1/2 d—_—ﬂ_‘__‘____—__________,___-———~
PREDICTED PE (WITH INTERLEAVING = 2.6E-5) .

“6

ch-/d o~ S‘/"'&

Case 5 El;-“”"i;;fﬂL_—__—-

QIQ_—M———"’ ﬁ
7 W/ ov7 /4 X
5,18,61,167,356,593,775,2121 g T
5,18,62,168,356.593,774,2121
6,20,€5,173,359.590,764,2120
17,39,99,213,37¢,558,683,2110
1829,74,73,73,73,72,74,1829
29¢ 120,228,287,340,380,460,1992
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1€8,18,28,11,3,4,3
188,18,28,11,3,4,3
188,18,28,11,3,4,3
0,¢,0,0,0,0,0
0.0,0,0,0,0,0
0,0,0,0,0,0,0
0,0,0,0,0,0,0
0,0,6,0,C,0,0
0,0,0,0,0,0,0
0,0,0,9,0,0,0
ST case; Fate 1/3
PULSE/SYMBOL = 1
PPEDICTED PE = 1E-5
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WARRANTY

LINKABIT Corporation warrants the Transition Probability
Generator to be free from defects in material,
workmanship, and construction arising from normal usage.
Its obligation wunder this Warranty is 1limited to
replacing, or at its option, repairing any such defective
equipment, which after regqular installation and under
normal usage and service, shall be returned within one
(1) year from the date of original purchase to LINKABIT
Corporation and which shall be found to have been thus
defective in accordance with the policies established by
LINKABIT Corporation.

LINKABIT Corporation assumes no liability for failure to
perform or delay in performing its obligations with
respect to this Warranty if such failure or delay
results, directly or indirectly, from any cause beyond
its control, including but not limited to, acts of God,
acts of government, floods, fires, shortage of materials
and labor and/or transportation difficulrcries,

This Warranty is expressly in 1lieu of all other
agreements and warranties, express or iwrglied, and
LINKABIT Corporation does not authorize any person to
assume for it the obligations contained in this Warranty
and neither assumes n‘ - authorizes any representative or
other person to assume for it any other liability in
connection with such equipment.

The Wa:ranty shall not apply to any equipment which shall
have been repaired or replaced by anyone else other than
LINKABIT Corporation or which has been subject to
alteration, mizuse, negligence or accident, or to any
equipment which shall have had the serial number or name

altered, defaced or removed,



TABLE OF CONTENTS

Section

1 INTRODUCTION . . . . . ¢ . + &« o o &
1.1 Scope . . . . 0 e e e e e e

1.2 Purpose and Function . . . . .

1.3 Description . . . . . . . . .

1.4 Test Equipment . . . . . . . .

1.5 Associated Bquipment . . . . .

2 PREPARATION FOR USE AND INSTALLATION
INSTROCTIONS . . . . . . « . . « .

2.1 Unpacking . . . . . . . . . .

2.2 Inspection Upon Receipt . . .

2.. Installation Instructions . .

3 OPERATING INSTRUCTIONS . . . . . . .
3.1 General . . . . . . . . .« . .

3.2 Specia. Function Keys . . . .

3.3 Data Cassette File Format .

3.4 Data Cassette Catalog . . . .

3.5 Prograr Cassette . . . . . . .

4 THEOR™ OF OPERATION . . . . . . . .
4.1 Overall T eory of Operation .

4.2 Detailed Circuit Description .

S MAINTENANCE INSTRUCTIONS . . . . . .
5.1 Maintenance . . . . . . . . .

5.2 Corrective Maintenance . . . .

6 LOGIC DIAGRAMS . . . . . . . . . . .

ii

¢« » o 8 s

. . [ * [

o o o * @

s & LI 4

N
!
Pt

NN
[ |
NN

ty
i

w T”p ? uaucrhau
] [}
o b W b WWN e

o Uvu
[}



Pig-re

1-1
1-2
1-3
2-1
4-1

LIST OF ILLUSTRATIONS

Transition Probability Generator

TPG Rear View . . . .
Data Timing . . . . .
System Block Diagram
TPG Block Diagram . .

LIST OF TABLES

Input/Output Iaterface
Associated Equipment

J1 Connector .
J2 Connector .
J3 Connector .
Test Steps . .
Arrangement of RAMs .

Maintenance Inspection

iii

. L] » . . » *

] . . . 3 L] .

. @ e e« o * o .

. * o s

1 . - L] .

" ® & s 8 * s

3 . [ L4 L

e ¢ e« & ¢ * o .

. . * L]

& & & & ¢ 2 2



SECTION 1
INTRODUCTION

1.1 SCOPE

This manual describes the Transition Probability Generator,
hereinafter referred to as the TPG <(figure 1-1). It includes
installation, operation, and maintenance information. A
description of the equipment is contained in section 1. Section
2 provides the installation instructions. Operating instructions
are provided in section 3. Theory of operation is in section 4.

Maintenance instructions are included in section 5.

1.2 PURPOSE AND FUNCTION

The TPG 1s a calculator-controlled noise generator that can be
used to simulate the effects of noise channels on encoded or
interleaved data. The TPG produces 3-bit soft decision outputs
whose distributions can be programmed on an Hewlett-Packard 9825
calculator to simulate a variety of noise environments. These
3-bit outputs are added to the encoded data stream and are then

returned to the decoder.

The probabilities of each 3-bit output are <pecified to 12-bit
accuracy. The TPG can provide up to 32 output distributions or
statns, w<vith probabilities of transitions between any pair of
states determined with 8-bit accuracy. There is also provision
to hold any of the states for up to 256 clock cycles., It is also

possible to hold one cutput in a partic 'ar state.
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The TPG is controlled by aa HP9825 calculator which can also
control the Bit Error Rate (BER) Test Set, LINKABIT PN 21270.
Probability distribution data is created on an outside computer
and downloaded to the HP9825. Alternately, probability
distribution data can be entered manually from the calculator
keyboard. The calculator creates images of the TPG's lookup
tables and loads the TPG. The calculator can then be programmed
to control the BER test set and run tests automatically. The TPG
Program Cassette contains all the programs necessary to run the

TPG.

1.3 DESCRIPTION

The TPG is a standard 19-inch, rack-mountable enclosure weighing
30 pounds. There is a plug-in circuit card assembly {(CCA) inside
the hinged front cover. There are three switches along the front
edge of the CCA that are accessible when the front panel is
hinged down. The chassis also contains a power supply and a fan.
All input/output and clock connections are made bv means of rear
panel Cannon cornnectors (DL2-96RW). Refer to figure 1-2 and

table 1-1. See figure 1-3 for data timing.

1.4 IEST EQUIPMENT
A Hewlett-Packard 1610A logic analyzer or equivalent is required

to check that the TPG is operating properly.
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Figure 1-2. TPG Rear View



Table 1-1. Input/Output Interface

Signal Interface Logic Specification
Input Signals RS-422
and Clocks AMD-26LS32 line receivers terminated in 100Q

Output Signals RS-422

and Clocks AMD-26LS31 line drivers
Calculator TTL with 1 KQ pull-up resistors
Inputs/Outputs

Wk M rm v Jor—
DATA* — X X X ) SEEED G

*INPUT PORT HAS ONE DATA CHANNEL.
QUTPUT PORT HAS THREE CHANNELS: ONE FOR DATA AND TWO QUALITY BITS.

1912

Figure 1-3. Data Timing
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1.5 ASSOCIATED EQUIPMENT
The associated test equipment shown in table 1-2 is required to

complete the system in which the TPG operates.

Table 1-2. Associated Equipment

Model Nomenclature Manufacturer
21270 Bit Error Rate Test Set LINKABIT
HP9825 Calculator Hewlett-Packard
LV7017B Encoder-Decoder LINKABIT
HP98032A Parallel I/0 Bus dewlett-Packard
HP98034 Instrument Bus Hewlett-Packard
| HP98036 S»rial I/0 Interface Bus Hewlett-Packard

1-6



SECTION 2
PREPARATION FOR USE AND INSTALLATION INSTRUCTIONS

2.1 UNPACKING

The 1P~ is packaged in a plastic bag and an inner cardboard
carton which is placed in an outer carton. The outer carton
contains preformed plastiec foam with a recess for the inner
carton, the Operation and Maintenance Manual, and the program
cartridge. A sheet of plastic foam is placed on top of the inner
carton to ccmplete the cushioning on ali sites of the inner

carton, To remove the TPG from the cartons, proceed as follows:

—— —— - - - —

When cutting the tape on the inner
carton, do not allow the cutting tool to
penetrate the carton and damage the TPG.

1, Cut or tear the sealiny tape from the top of the outer
carton.

2. Remove the sheet of plastic foam which covers the
inner carton, Observing the previous caution, c.* or
tear the sealing tape from the inner carton.

3. Remove the TPG from the inner car:on. Do not remove
plastic cover until ready for inspection. If the TPG
is not to be inspected immediately, store ia a cafe,
clean, dry place pending inspection.



2.2 INSPECTION UPON RECEIPT
Inspect unpacked equipmert upon receipt as follows:

1. Inspect the equipment for damage incurred during
shipment.

2. Check the equipment against the packing list shipped
with the equipment to ensure that the shipment is
complete,

2.3 INSTALLATION INSTRUCTIONS

2.3.1 RACK REQUIREMENTS

The TPG is designed for standard 19-inch rack mounting. It is
packaged in a 7-inch high by 19-inch wide by 17-inch deep
enclosure. The unit may be operated in any orientation providing
that the intake holes on the side panels and the fan have

unimpeded access to intake air.

2.3.2 ELECTRICAL CONNECTIONS

Required power is 115 volts at 60 Hz. A 1 amp fuse is located on
the rear panel. It is recommended that the unit not be operated

without adequate grounding.

2.3.3 CONNECTOR PINS

Signal names for connectors J1, J2, and J3 are provided in tables

2"1' 2-2' and 2-30

(\\
/\

2-2



Table 2-1.

J1 Connector

ENCODER-DECODER
J1 Pin Number

Signal
(RS~422 Differential TTL)

cl
El
Gl
Hl
K1l
M1
c2
E2
G2
H2
K2
Mz

CLOCKIN +
DATAIN +
SIGNOUT +
MSBOUT +
LSBOUT +
CLOCKOUT +
CLOCKIN -
DATAIN -
SIGNOUT -
MSBOUT -~
LSBOUT -
CLOCKOUT -




Table 2-2. J2 Connector

CALCULATOR Signal

J2 Pin Number (Single ended TTL)
Cl PFLG
Dl PCTL
El CTL]1
Fl CTLO
C2 GND
D2 GND
B2 GND
J2 D02
K2 DO3
L2 DO4
M2 DOS
N2 DO6
P2 DO?
KS DO8
LS D09
MS D10
NS D11
PS Di2
D6 PRESET
N6 DOO
Pé DOl




Table 2-3.

J3 Connector

EXTERNAL
J3 Pin Number

Signal

(RS-422 Differential TTL)

c7
cs8
M7
M8
Kl
K2
El
B2
Gl
G2
Hl
H2

CLOCROUT +
CLOCKOUT -
DATAQUT +
DATAOUT -
CLOCKIN +
CLOCKIN -~
SIGNIN +
SIGNIN -
MSBIN +
MSBIN -
LSBIN +
LSBIN -

2-5




2.3.4 DATA TERMINAL CONFIGURATION

To enable data terminal configuration proceed as follows:

1. Insert the three calculator interface cards into the
input/ouput slots at the rear of the HP9825
calculator. They may be in any order,

2. Connect the Bit Error Rate Test Set LV7017B, HP982S5,
and TPG as shown in figure 2-1,

2.3.5 EXTERNAL CHANNEL CONFIGURATION

The TPG may be bypassed to an external channel connecting a modem
to the EXTERNAL jack on the TPG. The signals on this interface
have RS-422 levels. The pin signals at this interface are
defined in table 2-1. The connector is a Cannon DL2-96P. To

enable an external channel, proceed as follows:

1. Lower the front panel, to gain access to the BYPASS
switch.

2., Set the BYPASS switch on the TPG circuit card to
“YPASS.

2.3.6 TEST SWITCHES S2 AND S3

Switches S2 and S3 provide two error sources useful for testing

the decoder/deinterleaver. Set the switches as follows:

1. Set switch S2 to ON to delay data by one clock.

2. Set switch S3 to ON to invert the data.

2-6



BIT ERROR le- J2 N
RATE TEST
CLOCKS
T '}
J3 MODEM (WITH INTERLEAVER)
GPIB JACK
HPIB
HP98034
yp Il ENCODER/DECODER
HP98036
HP98032A
T0 252232 ( PIRALLES Lol pg
\) CALCULATOR
OUTSIDE o
COMPUTER
J3
EXTERNAL
HP9825
TO EXTERNAL CHANNEL (MODEM)
1882
Figure 2-1. System Block Diagram
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SECTION 3
OPERATING INSTRUCTIONS

3.1 GENERAL
The TPG is controlled by the calculator. It is necessary that
the operator have previous experience using the calculator. The

operator should be able to perform the following:

1. Load the special function keys by loading and running
the loader program.

2. Enter data into the calculator when prompted to do so.
3. Correct typing mistakes using editing keys.

4. Recover after a calculator error has occurred.

Program cassette TC is necessary to operate the TPG. It contains
the DOWNLOAD, ARRAYS, LOADTEST, MANUAL, CATALOG, and RUNTEST
programs, the definitions of the special function keys, and two

test distributions.

3.2 SPECIAL FUNCTION KEYS

The definitions of the special keys are contained in file 1 on
track 0. Keys £f2 through £5 do not affect the operation of the
calculator or any program being executed. Following is a list of

the special function keys:

f0: YES For yes/no answers
£1: NO For yes/no answers
f2: START Starts the TPG

3~-1



f3: START Starts the TPG

f4: SsTOP Stops the TPG; can b2 started again with either
START,

£S5: RESET Returns the TPG to power up condition; must be
reloaded.

£f6: DOWNLOAD Loads the DOWNLOAD program from the program
cassette.

f7: ARRAYS Loads the ARRAYS program from the program
cassette,

f8: LOADTEST Loads the LOADTEST program from the program
cassette,

£9: MANUAL Loads the MANUAL program from the program
cassette.

£10: CATALOG Loads the CATALOG program from the program
cassette.

£11: RUNTEST Loads the RUNTEST program from the program
cassette,

3.3 DATA CASSETTE FILE FORMAT

A data file for each test consists of six consecutive files on a
data cassette. In each group of six, the first contains the raw
data received from the outside world via the DOWNLOAD program, oOr
entered manually via the MANUAL program. The next five files are
created by the ARRAYS program from the data in the first file.
These last are used by the LOADTEST program to load the Test Set.

When a program asks for a file number, the number it expects is

that of the FIRST file in each set of six (i.e., the 3400-byte

file). The other files will be accessed relative to this one.
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3.4 DATA CASSETTE CATALOG
The CATALOG program prints the headings of all the files on a

data cassette. To use CA12ALOG program, procced as follows:

1. Insert program cassette.
2. Depress s/f key f10 (CATALOG) .
3. Depress RUN.

4. When INSERT DATA CASSETTE is displayed:

- Insert a data cassette.
- Depress CONTINUE.

5. The program will then search through the tape and
print the headings of all the data files.

3.5 PROGRAM CASSETTE
The program cassette contains the DOWNLOAD, ARRAYS, LOADTEST,
MANUAL, CATALOG, and RUNTEST programs, the definitions of the

special function keys, and two test distributions.

3.5.1 RUNNING PROGRAMS

To use the programs on the program cassette, proceed as follows:

1. Insert the program cassette.

2. Turn the calculator and the TPG on. The calculator
will automatically execute a "1ldp 0" to load and run
the first program on the cassette, which prints a
message and loads the special function keys.

3. Depress the RESET s/f key (£f5) to initialize the
random number generators.

4. Use the s/f keys to select program.

3-3



S. To go to another program, re-insert the prograa
cassette, if it has been removed.

3.5.2 TESTING

The normal sequence of steps to run a test is provided in table
3-1. Bach step in table 3-1 is described in paragraphs 3.5.2.1
through 3.5.2.7.

3.5.2.1 MARKING DATA CASSETTES - To mark data cassettes, proceed

as follows:

1. To mark a new cassette, insert the cassette and rewind
it (REWIND key). This will position the tape at the
beginning of track 0. At least four, possibly five,
sets of files will fit on each track.

2. To mark a set of six files, use the following sequence
of statements, and repeat for each set of six:

a, mrk 1,3400 (EXECUTE)
b. mrk 1,730 (EXECUTE)
c. mrk 3,8220 (EXECUTE)
d. mrk 1,80 (EXECUTE) .

3. When track 0 is marked, rewind the tape and type: trk
1 (EXECUTE). This posicions the tape at the beginning
of track 1 and is now ready to be marked as described
above, All six files of each set must be on the same
track.,

4. When marking a used cassette, make certain that the
tape is positioned after the last file to be saved
before doing any marking, since marking erases old
files., To determine the position of the last file,
perform the following procedures:

a. Rewind the tape.



Table 3-1. Test Steps

Step Action Paragraph
1 Mark data cassettes 3.5.2.1
2 Create input file on outside computer 3.5.2.2
3 Download the file to the calculator (DOWNLOAD),| 3.5.2.3

or enter data manually (MANUAL) 3.5.2.4

4 Create RAM images for TPG (ARRAYS) 3.5.2.5

5 |Load the TPG (LOADTEST) 3.5.2.6
6 Run the test or load and run an automated

series of tests (RUNTEST) 3.5.2.7




b. Select a track.

c. Type: tlist (EXECUTE). The last file number
will be identified by a row of zeroes.

d. Type: fdf X (where X is the numker of the last

file) and EXECUTE. This will position the tape
at the last file, ready for marking.

3.5.2.2 INPUT FILE FORMAT - The input file contains all the
information <concerning the output and state transition
probabilities for wuse by the TPG. It also includes an
identifying heading to be printed with the test results.

NOTE

The input file must be unnumbered and
free of extraneous control characters.

The input file has the following seven parts:

1. Beginning-of-file mark

2. An integer representing the number of states

3., The output probabilities for each state

4. The state transition probabilities

5. Integers indicating the time to hold each state
6. Heading text

7. End-of-file mark.

3.5.2.2.1 Delimiters - In general, it does not matter whether
data items appear on separate lines or grouped together on lines,

because the HP9825 considers any nonspace, nonnumerical character

a delimiter., Data items that appear on the same line should be



separated by delimiters (i.e, commas) and terminated with a LF.
Do not use both a comma and a LF at the end of a line; the

calculator will interpret this as another data item (zero).

3.5.2.2.2 Line Terminators - The HP9825 does not understand CR
(ASCII 13); when it encounters one, it is ignored. Therefore,

lines can be terminated with either LF (ASCII 10) or CR/LF.

3.5.2.2.3 Format -

3.5.2.2.3.1 First Line - The first line consists of a beginning-
of-file mark: a number sign # (ASCII 35) followed by an integer
N from 1 to 32 inclusive indicating the number of states. There
are no delimiters in between. The DOWNLOAD program starts to
read data immediately after encountering the %, therfore,
anything that appears before it is iguored. N is used to

determine how much probability data follows.

3.5.2.2.3.2 Output Probabilities - These are a total of B8*N
integers in the range 0 to 4096 representing the probability of
each possible output in each state, where 4096 indicates a
probability of 1.0 and 0 is a probability of 0.0. They must be

arranged in the following order:

State Number Qutput
1 011, o010, 001, 00O, 100, 101, 110, 111
2 011, oio, 001, 00O, 100, 101, 110, 111
N 011, oi1o0, 001, 00G, 100, 101, 110, 111
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This data may be delimited in any corvenient manner. The sum of

aach stake must be 4096,

3.5.2.2.3.3 State Probabilities - These are a total of N*N
integers in the range 8 uvo 256 reopresenting the probability of
the transition from a given state to any other state. In this
case, 256 indicates a probability of 1.0. They must be arranged

in the following order:

from 3tate Ig State
l 1' 2f 3' * 8 s0 . N
2 1' 2' 3, s 880 e N
H 1, 2' 3] LI 2R A A N

This may also be delimited in any convenient manner. The sum of

each state must be 256,

3.5.2.2.3.4 Hold Length - These are a total of N integers from o
to 255, representing the number of clocks a given state is to be
held. A 0 irdicates that this particular state will not be held.
All N states must be included, in order. 1f, when reaching a
particular state, the output is to be held also, add 256 to its

rumber.

3.5.2.2.3.5 Heading Text - This part consists of up to 720
characters (including control characters) to be used as a heading
to identify the test. This cext will be printed on the HP9825's

internal printer exactly as it appears here, thus each line is

limited to 16 characters (the width of the printer). Any
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additional characters over 16 will not be printed. About 40

lines of text can be inclvded.

3.5.2.2.2.6 End-of-File Mark - The end-of-file mark is a BFLL
(control G, ASCII 7). It need not appear on its own line. The
calculator trrminates ite input operation when it sees this

character.

3.5.2.3 DOWNLOADING DATA

The DOWNLOAD program gets the input file from the outside world,

reformats it, and stores it on a data cassette.

To use DOWNLOAD, proceed as follows:

1. Prepare the input files.

2. Set up the calculator. Depress s/f key £f6 (DOWNLOAD)
to load the program.

3. Prepare the outside computer and connect it to the
calculator via the RS-232 interface, so that all that
is necessary to start the download is to enter a

single command (such as “TYPE FILE.NAME"). The RS-232
interface requires the following:

a. 1 stop bit
b. 7 bit ASCII cha.acters, plus
c. 1 (odd) parity bit
d. 2400 baud
Use halfduplex mode and make sure that the file is

free of extraneous control characters I‘page marks,
form feeds, etc.).

4. Depress RUN.



5.

When INSERT DATA CASSETTE is displayed, proceed as
follows:

a. Inser* the cassette on which this file is to be
stored.

b. Depress CONTINUE.

When WHICH TRACK (0/1)? is displayed, proceed as
follows:

a. Enter the track rnumber for this file.
b. Depress CONTINUE.

wWhen WHICH FILE? is displayed, proceed as follows:

a. Enter the file number for this file.
b. Depress CONTINUE.

The program will check to see if it is a valid file,
If it is the wrong type, size, or not marked at all, a
message to that effect will be displayed. Depress
CONTINUE tc return to the point where it asks for a
track number. If the program finds data in the file
already, depress YES (f0) to write over it, or NO (fl)
to enter a nev file number.

when COMMAND? is displayed, proceed as follows:

a. Enter tne command that will start the download.
b. Depress CONTINUE.

Type the command exactly as it would appear on a
computer terminal. The calculator will supply a CR/LF
at the end.

The calculator will print the first 100 claracters of
the heading as a check that the download succeeded.
I1f the messages "sum not 4096 in state X" or "sum not
256 in state X" appear, there was an error in the

input file, which must be corrected and reloaded.
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10.

11,

3.5.2.4
manualily enter the distribution data, if desired. If may be
easier than DOWNLC D if there are only a few states to enter.

The data is entered in exactly the same format as in the input

To do another download, prepare the next input file
and go to step 3.

Proceed to ARRAYS, paragrah 3.5.2.5.

file (paragraph 3.5.2.2).

To use MANUAL, proceed as follows:

Insert program cassette.
Depress s/f key f9 (MANUAL).
Depress RUN.

When NUMBER OF STATES? 1is displayed, proceed as
follows:

a. Enter integer number of states from 1 to 32.
b. Depress CONTINUE.

When PROBABILITY? is displayed, proceed as follows:

a. Enter an integer from 0 to 4096 representing the
output probability.

b. Depress CONTINUE,

The output probabilities must be entered in the same
order as in the input files (paragraph 3.5.2.2). The
program will continue to ask for output probabilities
until all N states zre complete. If the message "sum
not 4096" appears, the program will ask for that state
again.

When TRANSITION PROBABILITY? is displayed, proceed as
follows:

3-11
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10.

11.

a. Enter an integer from 0 to 256 representing the
transition probability between the two states.

b. Depress CONTINUE.

The state transition probabilities must be entered in
the same order as in the 1input file (paragraph
3.5.2.2). The program will continue to ask for
transition probabilities until all N states are
compiete., If the message "sum not 256" appears, the
program will ask for that state again.

When NUMBER OF CLOCKS? 1is displayed, proceed as
follows:

a. Enter an integer from 0 to 255 representing the
number of clock cycles this state is to be held.
{Enter 256-511 if the output is to be held
also.)

b. Depress CONTINUE.

The program will continue to ask for input until all N
states are complete.

When LINE? is displayed, proceed as follows:

a. Enter up to 16 characters of heading text.

b. Depress CONTINUE.
When ANOTHER LINE? is displayed, depress YES (f0) to
enter another line, or NO (fl) if finished. Up to 720

characters of heading can be entered.

When INSERT DATA CASSETTE is displayed proceed as
follows:

a. Insert a (premarked) datz cassette.
b. Depress CONTINUE.

When TRACK? is displayed, proceed as follows:

a. Enter the track number of the desired file.
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b. Depress CONTINUE.

12, when FILE NUMBER? is displayed, proceed as follows:

a. Enter the file numoer (premarked 3400 bytes).
b. Depcess CONTINUE.

If the file is the wrong size, type, or not marked at
all, a message will be displayed. Depress CONTINUE to
enter a new file, If there is data in the file
already, depress YES (F0) to write over it, or NO (fl)
to enter a new one.

13. The program will display DONE when finished. Proceed
to ARRAYS (paragraph 3.5.2.5).

3.5.2.5 GENERATING RAM IMAGES - The ARRAYS program takes the

input file createc by DOWNLOAD and generates the arrays that will

be loaded into the TPG RAMs by the LOADTEST program.

To use ARRAYS, proceed as follows:

l. Insert the program cassette.
2. Depress s/f key £f7 (ARRAYS).
3. Depress RON.

4. When INSERT DATA CASSETTE is displayed, proceed as
follows:

a. Insert the data cassette on which the data is to
be stored.

b, Depress CONTINUE.

S. When WHICH TRACK (0/1)? is displayed, proceed as
follows:

a. Enter the track number of the input file.
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b. Depress CONTINUE.

6. When WHICH FILE? is displayed, proceed as follows:

a. Enter the {ile number of the input file.

b. Depress CONTINUE.
The program checks for the existence and correct type
of file, and displays a message if incorrect. Depress
CONTINUE to return to the point where it asks for the
track number and enter a new file.

7. This program creates images of the RAM contents and
stores them in the files following the input files,
The files must be premarked. When DONE is displayed,
the program is finished.

8. To do another set of arrays, go to step 3.

9. Proceed to LOADTEST.

3.5.2.6 LOADING TPG RAMs - The LOADTEST program loads the TPG
RAMsS. To use LOADTEST, procead as follows:

1. Insert the program cassette.
2. Depress s/f key £f8 (LOADTEST).
3. Depress RUN,

4. When INSERT DATA CASSETTE is displayed, proceed as
follows:

a. Insert the data cassette on which the data files
are located.

b. Depress CONTINUE.

5. When TRACK? (0/1) is displayed, proceed as follows:

a. Enter the track number of the input files.

b. Depress CONTINUE.
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6. When NUMBER OF FIRST FILE? is displayed, proceed as
follows:

a. Enter the number of the first of the set of six
files.

b. Depress CONTINUE.
The program checks for the existence and correct type
of file. If incorrect, depress CONTINUE to start cver
and enter a new file.
7. The program first prints the header, then loads the
TPG RAMs. When DONE is displayed, the program is
finished.

8. Depress START (s/f key f2) to start the TPG.

9, During a test, the BITSLIP and INVERT switches on the
TPG circuit card (accessible through the front panel)
may be used to manually introduce a one-bit delay or
phase inversion.

3.5.2.7 AUTOMATED TESTS - The RUNTEST program stores parameters
for a series of tests to be run under the control of the HP9835
calculator. The program first asks for the parameters, then TPG
initializes the Bit Error Rate Tester (FLERT), and runs the

tests.

To use RUNTEST, proceed as follows:

1. Insert program cassette.
2. Depress s/f key fll (RUNTEST).
3. Depress RUN,

4. When INSERT DATA CASSETTE is displayed, proceed as
follows:

a. Insert a data cassette that contains ALL the
tests you wish to run.
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10.

11.

b. Depress CONTINUE.

When ENTER NUMBER OF TESTS is displayed, proceed as
follows:

a. Enter the number of tests.

b. Depress CONTINUE.
When FILE NUMBER and TRACK NUMBER are displayed, enter
the file and track numbers of the data file,
depressing CONTINUE after each. This program WILL NOT
check for existence and correctness of the files.

When SYMBOL CLOCK is displayed, proceed as follows:

a. Enter the symbol rate in symbols/second.
b. Depress CONTINUE.

When PATTERN is displayed, proceed as follows:

a. Enter 0, 4, 8, 11, 15, or 16 for the data
pattern.

b. Depress CONTINUE.

When INVERT is displayed, proceed as follows:

a. Depress YES (f0) for an inverted data pattern,
or

b, Depress NO (fl) for a normal pattern,

When LENGTH OF TEST (bits) is displayed, proceed as
follows:

a. Enter the duration of the test in information
bit times.,

b. Depress CONTINUE.

Repeat steps 6 through 10 for each test. These

parameters for each test will be printed on the
calculatcr's printer. If there is an error, start
over from step 3.
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When all tests are entered, the program will pause.
Depress CONTINUE when ready to begin testing.

The program will load the TFG.

The program will initialize the FLERT.

The program will run the test for the specified time.

At the conclusion, the bit count, error count and BER
will be printed.

The program will repeat steps 13 through 16 for each
test, and will display TESTS COMPLETED when finished.
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SECTION 4
THEORY OF OPERATION

4.1 QVERALL THEORY OF QPERATION

The TPG consists of four RAM lookup tables, two random number
generators and associated loading logic. A block diagram of the
TPG is shown in figure 4-1. The HP9825 calculator determines the
contents of the lookup tables from probability distribution data

provided to it.

4.1.1 STATE TABLE

The State lookup table determines which of the 32 possible
distributions to use next, given the previous state and an 8-bit

random number.

4.1.2 HOLD STATE TABLE

The Hold State 1lookup table determines how long to hold a
particular state given that state. The Hold State holds a state
by disabling the state register, while a counter counts out the

number of clocks provided by the Hold State lookup table.

4.1.3 REGION TABLE

The Region 1lookup table <contains the joint cumulative
distribution of all possible states. When superimposed, the
cumulative distributions of the outputs in each state will form
up to 225 intervals. A 12-bit random number selects one of these

intervals.
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4.1.4 OUTPUT TABLE

The Output lookup table determines the 3-bit output of a given
state and an interval in the joint cumulative distribution. The
meJt-significant-bit (MSB) of the output is added to the incoming

data stream and all three bits are returned to the decoder.

4.1.5 RANDOM NUMBER GENERATCRS

Two random number gernerators produce 20 bits of random address
for the State and Region lookup tables. Two generators of 63 and
64 stages, respectively, are used to increase the randomness of

the addresses.

4.2 DETAILED CIRCUIT DESCRIPTION

The circuitry described in the following paragraphs is shown in

the schematics in section 6.

4.2.1 CLOCKS

The TPG runs off two separate clocks: an internal clock
generated by Schmitt-trigger oscillator U001l and an external
clock that arrives with the data via line receiver 13J201. The
internal clock ICLOCK is the clock used for communication with
the HP9825, including handshaking, input registers and RAM
loading. The data clock DCLOCK is used for the data path,

including all pipeline registers and random-number-generators.,

4.2.2 INPUT DATA FROM CALCULATOR

Data arrives from the HP9825 via input registers U102 and U103,

The calculator's preset signal is used as a reset to initialize

the card for loading. Handshaking is accomplished with J-K flip-
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flop U101. A PCTL from the HP982S, indicating "data available"
sets PFLG indicating “peripheral busy." Handshake signals and
write~-enables are generated from PFLG by 0202 and U301. The
signal HDSKl is a pulse itwo clocks wide used to increment the
address counters. The signal HDSK2 is one clock wide used to
reset PFLG. A doublie pulse WEL is used as a write-enable to the
RAMs that use becth upper and lowaer bytes of input data. Signal
WE2 is a single write-enable to the RAMs that uses only the lower
byte of of input data. The other line of communication with the
HP9825 is CTLO. This is the GO signal to start the test set when

loading is completed.

4.2.3 LOADING ADDESS COUNTERS

Loading address counters U402-U405 are enabled by the two clcck
wide HDSK1l which increments the counter twice on each transfer
from the HP9825. The lower 13 bits of these counters are used to
address the RAMs. The next two bits are decoded into chip~
selects by decoder U401. Address lines are buffered by 3S
buffers US01-US05. These buffers are also enabled by the
sequencing decoder U401. When the load is completed, the Done

signal is generated, resetting the load flip~-flop.

4.2.4 RANDOM NUMBER GENERATORS

Random Number Generator (RNG) 1 consists of 64 stages using the
polynomial 1+x+x3+x44+x64, it is shifted 16 times per DCLOCK
(actually eight times on a clock at twice the frequency of
DCLOCK) . It provides seven bits to the Region array and five

bits to the State array. Random Number Generator 1 consists of

registers U106~-U108, U207-U210, U311 and exclusive-OR gates U305-
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0309. Random Number Generator 2 1is a 63 stage RNG using
polynomial 1+x+x‘3, shifted nine times per clock. It provides
three bits of address to the State array and five bits to the
Region array. Integrated circuits for RNG2 consist of U708,
U709, U808, U809, U908, U909, U008, U009 and exclusive-OR gates
U017-0019. The reset signal forces a "one” into both RNGs to
ensure that they will not lock up with all zeros. The output of
the RNGs are buffered by 3S registers 0606-U608, enabled by GO.

4.2.5 RAMS
Table 4-1 shows how the 24 4Kx1 RAMs are arranged.

Table 4-1. Arrangement of RAMS

RAM Function Arrangement Integrated Circuits

A Next State 8Kx5 0903, U904, U905, U00S,
1703, G704, U705, U803,
U804, U805

B Region 4Kx8 0006, U007, U706, U707,
U806, U807, U906, U907

C Outp:t 8Kx3 u701, U702, U801, U802,
U901, U902

4.2.5.1 RAM A - The Next State RAM is addressed by eight bits of
the RNG and five bits of its last output. The least significant
bit (LSB) of its address is decoded into its selection 1iines.
This RAM's output goes directly to the Hold State RAM and to the
output RAM via pipeline registers U604 and U605.

4.2.5.2 RAM ® - The Region RAM is . dressed by 12 bits of the
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RNG. Its output goes to the Output RAM via pipeline registers
U6v2 and U603.

4.2.5.3 RAM C - The Output RAM is addressed by the outputs of
RAMs A and B. The LSB of its address is decoded into seiection

lines. The output goes to output register U202.

4.2.5.4 BOLD STATE - The Hold State circuit consists of RAM US08
and councers U409, U410, The RAM is addressed by RAM A. It is
loaded after the three large RAMs and before the GO signal is
sent. The lower eight bits of this RAM are loaded iato the
counters. The carry-out of the counter is used to generate Gate
and Flag signals, the enables to the outp:ut registers cf RAMs A
and B. Gate action is on a carry-ou*t allowing the next state to
be loaded into its register. Flag is active on either a carry-
out or the ninth bit of the RAM being set. Tlus, when there is
no carry-out the state is held; and if the ninth bit is not set,

the output is held also. Input data is comp!imented.

4.2.5.5 DATA PATH - Incoming data is latched into register U202.
The MSB of the output of RAM C is exclusive-ORed with the data
stream and synchronized again by U0202. The data is returned
through multiplexer 0601 and 1line driver U104 to the
decoder/deinterleaver. When desired the entire card can be
bypassed through an external channel. The external data and
clock arrives at line receiver U105 and leaves through the

multiplexer and line driver.
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SECTION S
MAINTENAKCE INSTRUCTIONS

Maintenance instructions are provided in the foliowing paragraphs

for both preventive and corrective maintenance of the TPG.

5.1 MAINTENANCE

Preventive maintenance of tae TPG consists of cleaning and

inspection procedures.

5.1.1 CLEANING

Clean the TPG as necessary, based upon visual inspections. The

following items are needed to clean the equipment:

1. Soft, lint-free cleaning cloth
2. Trichloroethane

3. Soft-bristle brush.

The fumes of trich!sroethane are toxic.
Provide thorough ventilation whenever
used. DO NOT USE NEAR AN OPEN FLAME.
Trichloroethane is not flammable, but
exposure of the fumes to an open flame or
hot metal forms toxic phosgene gas.

Perform cleaning procedures, as {ollows:

1. Clean surfaces with a clean, soft, lint-free cloth.

2, Clean surfaces around switch annd indicator with a
soft brush.



3. Clean painted surfaces with a cloth moistened in warm
soapy water, if necessary.

4. To remove grease, fungus, or corrosicn, use a cloth
dampened in trichloroethane.

5.1.2 IMSPECTION

To ensure that the TPG is always ready for coperation, it should
be inspected so that defects may be discovered and corzected
before they result in serious damage or failure. The recommended
preventive maintenance inspection procedures to be performed are
listed in tadle 5-1. Other defects discovered during operaticn
of the unit should be noted for future correction as sooa as
operation has ceased. Stop operation immediately if a deficiency

is noted during operation which would damage the equipment.

Table 5-1. Maintenance Inspection

Item to be
Inspected Procedure Schedule
Cabinet Check TPG cabinet for cleanliness, Monthly
Switch and Check the mechanical action of the Mornituly
Indicator switch for smoothness and proper

action,

Check the switch and indicator for

proper action.
Cables and Check all interconnected cables and Monthiy
Connectors connectors for cracks and breaks.

Tighten all connectors.

J ) g




5.2 CORRECTIVE NAINTEMANCE

S.2.1 TROUBLESHOOTING

When there is no output from the TPG check the following first:

1. Loss of Internal Clock - The LCADTEST program can hang
up vhile attempting to ioad the TEG RAMs. The symptom
will be that the calculetor display "Loading RAM 1°"
does not change.

2. Loss of External Clock - The loss of external clock
will stop the RNGs. No data will go through the TPG.

3. Loss of Random Number Generators - Data will go
~hrough the TPGC but the quality bits will be stuck at
11. Restart the RNGs by depressing special function
key £2 (START). This may occur after a loss of the
external clcock.
S.2.2 PERFORMANCE VERIPICATION
To verify proper performance of the TPG, perform tae following

steps:

1. Load the TPG with a known good single-state
distribution.

2. Cennect a logic analyzer to the following points:

a, t305-1 SIGN
b. 020%-6 MSB
c. D202-4 LSR
d. 020@2-9 CLOCK

3. Confirm that the relative frequency of each of the
eiyht possible outputs is close to its expected value,



5.2.3 TROUBLESHOOTING AIDS
The following information is included to aid in troubleshooting

the TFG.

The quality of the probability distributions may be observed by
grounding J2-7. This will cause the test set to stay in the

state it is in until J2-7 is ungrounded.

To cause the address counters to cycle without writing into RAMs,
depress RESET on the calculator to go into LOAD mode and then

ground J2-5.

To check the decoder/deinterleaver, incoming data can be forced
to have two types of ercors. Setting switch S2 located inside
the front panel will cause the data to be delayed by one clock.
Setting switch S3, also inside the front panel, will cause the

incoming data to be inverted.

5.2.4 PLUG-IN CIRCUIT CARD ASSEMBLY (CCA) REPLACEMENT

To replace plug-in CCA proceed as follows:

1. Release the two front panel fasteners and lower the
panel.

2. Lower nylon CCA retainer.



To avoid damage to «circuit card
ejectors, push ejectors back into
place after ejecting the card from its
receptacle; then pull the circuit card
out of the enclosure.

3. Unseat the circuit card from the receptacle by first
pulling outward on the circuit card ejector tabs.
After unseating the circuit card, return the ejectors
to their original position.

Exercise great caution when pulling
out and inserting the card not to
exert any pressure that would bend the
card even a slight amount. Any bend
from straight may cause damage to the
circuit card.

4. Carefully pull the circuit card straight out of the
chassis.

5. Lay the card on a clean, smooth-surfaced workbench
with the component side up. Handle the card at the

edges.



CAUTION

If an obstruction is felt when
inserting a circuit card, remove the
circuit card and determine the cause.
Once the card is properly inserted,
firmly exert equal force on both
ejectors to make certain the card is
correctly seated. Up to 48 pounds of
force is required to securely seat the
cards.

6. Insert the replacement circuit card assembly in the
guide slots (component side up), and carefully press
straight in until its connector is fully engaged in
the receptacle. Fasten card retainer. Secure the
front panel fasterners.



SECTION 6
LOGIC DIAGRAMS

The following logic diagram is contained in this section:

CALCULATOR I/0
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WARRANTY

LINKABIT Corporation warrants the Modified Encoder-Decoder
and Interleaver-Deinterleaser LV7017B to be free from defects in
material, workmanship, and construction arising from normal
usage, Its obligation under this Warranty is limited to
replacing, or at its option, repairing any such defective
equipment, which after regular installation and under normal
usage and service, shall be returned within one (1) year from
the date of original purchase to LINKABIT Corporation and which
shall be found to have beea thus defective in accordance with
the policies established by LINKABIT Corporation.

LINRABIT Corporation assumes no liability for failure to
perform or delay in performing its obligations with respect to
this Warranty if such failure or delay results, directly or
indirectly, from any cause beyond its control, including but
not limited to, acts of God, acts of government, floods, fires,
shortage of materials and labor and/or transportation difficul-
ties,

This Warranty is expressly in lieu of all other agreements
and warranties, express or implied, and LINKABIT Corporation
does not authorize any person to assume for it the obligations
contained in this Warranty and neither assumes nor authorizes
any representative or other person to assume for it any other
liability in connection with such equipment.

The Warranty shall not apply to any equipment which shall
have been repaired or replaced by anyone else other than
LINRKABIT Corporation or which has been subject to alternation,
misuse, negligence or accident, or to any equipment which shall
have had the serial number or name altered, defaced or removed.
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SECTION 1
INTRODUCTION

1.1 SCOPE

This wmanual describes the mwmodified Encoder-Decoder and
Interleaver-Deinterleaver LV7017B, hereinafter referred to as the
encoder-decoder (figure 1-1). It includes installation,
operation, and maintenance instructions. The manual provides
instructions for cleaning and periodic inspection of the
equipment, troubleshooting, and replacing repair parts.
Maintenance functions beyond the scope of this manual are to be
performed by the Contractor, LINKABIT Corporation, a M/A-COM
Company, 3033 Science Park Road, San Dieqgo, California 92121.

Section 2 provides preparation for wuse and installation
instructions, Section 3 provides operating instructions.
Section 4 describes the theory of operation, and section 5
contains maintenance instructions. Section 6 contains 1logic

diagrams,

1.2 PURPOSE AND FUNCTION

The purpose of the encoder-decoder 1is to provide c¢oding and
decoding functions to improve the reliability of transmission of
digital data in satellite communications 1links. The encoder-
decoder is designed for use with modems installed in satellite

co.munication ground terminals,

The encoder is connected to the modulatnar, which reproduces two-

bit phase-shift keyed signals for each information bit input to
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Figure 1-1. LV7017B Encoder-Decoder
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the encoder. The decoder accepts the demodulator outputs and
Ccorrects errors without using a return communication link ba~¥ to
the encoder; taus it is described as a forward error correcting
decoder. (A decoder which uses a return link for error
correction is referred to as an automatic-repeat-request

decoder.)

The encoding and decoding functions are independent and provide
full duplex digital communication capability. The encoder-
decoder wili process data at any information rate from 0 bits-
per-second (bps) up tc 10 megabits-per-second (Mbps). The
encoder-decoder has built-in test equipment for on-line and off-
line self-tests. The encoder-decoder also generates a test
signal which may be utilized by the communication channel for

end-to-end testing.

1.3 DESCRIPTION

The encoder-decoder consists of a chassis assembly, two panel
assemblies, and six circuit card assemblies (listed in table

1-1).

The encoder-decoder is of modular construction (figure 1-2) and
mounts in a standard 19-inch equipwment rack, The chassis
assembly (with the front panel, rear panel, bottom and top
covers) encloses Six circuit card assemblies. The backplane
circuit card assembly is mounted on the rear panel assembly and
contains four receptacles for the plug-in «circuit card

assenmblies,. The display and control circuit card assembly is

mounted on the front panel assembly. All controls and indicators

1-3



fable 1-1. Encoder-Decoder Assemblies

Reference
Item Nomemclature Designator Dwg. No.

1 Assembly, Chassis 21760

2 Panel Assembly, Front 21498

3 Panel Assembly, Rea: 21494

4 Circuit Card Assewbly, A2 21369
Arithmetic

S Circuit Card Assembly, AS 21368
Input/Output

6 Circuit Card Assembly, al 6042
Path Memory

7 Circuit Card Assembly, A3 21497
Display and Control

8 | Circuit Card Assembly, A6 21373 |
Interleaver/Deinter-
leaver f

!
9 Circuit Card Assembly, A4 21493 :

Backplane

1-4
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for operaticii of the encoder-decoder are located on the front
Panel assembly (figure 1-1). The fan and all external connectors

are located on the rear panel assembly (figqure 1-3).

Plug-in circuit card assemblies al, A2 and A5, A6 perform the

encoding and decoding funtions.

The front panel assembly contains all controls and indicators for
operating and testing the encoder-decoder. Controls and
indicators are listed in table 3-1. The display and control
circuit card assembly is attached to the back of the front panel
assembly. The front panel assembly is hinged at the bottom to
allow access to the display and control circuit card assembly and
the plug-in circuit card assemblies. The plug-in circuit card

assemblies are removed through the front.

The input/output (I/0) connectors J5, J6, J7 are mounted on the
backplane circuit card assembly, which is part of the rear panel
assembly (figure 1-3). 1I/0 connector J6 contains all signals to
and from the uncoded data source and sink. I/0 connectors J5 and
J7 have identical pinouts and cortain all signals to and from the
modem. JS is used only when the interleaver/deinterleaver card
is not installed., J7 is used only when this card is installed.
The backplane circuit card assembly contains the four receptatilies
(J1 through J4) for the plug-in circuit card assemblies. (The

power connector is mounted on the rear panel assembly.)

1-6
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1.4 IECHNICAL CHARACTERISIICS

1.4.1 PRIME POWER REQUIREMENTS

Voltage 120 volts ac +10%
Current 2.5 amps maximum
Frequency 60 Hz +10%, single phase
Power 175 watts maximum

1.4.2 SERVICE CONDITIONS

Operation Continuous
Temperature +09C to +50°C
Relative Humidity 30 to 70 percent
Elevation Up to 10,000 feet

1.4.3 INTERFACE CHARACTERISTICS

Interface connections between the encoder-decoder and modem are
accomplished via 75 ohm shielded, twisted-pair cables carrying
balanced current mode signals, Driver and receiver circuit types

and characteristics are as follows:

Line Driver RS-422 AMD type AM26LS31
Line Receiver RS-422 AMD type AM26LS32

Data Rate Capability Any data rate from 0 ‘o
6 Msymbols/sec

CLOCK Signals Nominally one and zero for
equal periods of time

1-8



1.5 SXSTEM APPLICATIONS

The encoder-decoder is capable of various modes of operation.
Procedures for implementing these modes are contained in
paragraphs 2.2.4.1 through 2.2.4.8., The various modes are all
programmable by use of DIP switches or soldered jumper wires,
The encoder is capable of operating in two different rates: rate

1/2 or rate 1/3.

The encoder-decoder is capable of operation with binary phase-
shift keying (BPSK) modems, quadriphase-shift keying (QPSK)
modems (rate 1/2 only), or offset quadriphase-shift Kkeying
'OQPSK) modems (rate 1/2 only). Refer to paragraphs 4.4
through 4.6.

A binary phase-shift keying modem modulates, transmits, receives,
and demodulates one binary phase-shift-keyed waveform at a time.

It does so by utilizing 0° and 180° phase-shift of a carrier.

A quadriphase-shift keying modem modulates, transmits, receives,
and demodulates two parallel binary phase-shift-keyed waveforms
simultaneously. It does so by utilizing 0°, 90°, 180°, and 270°

phase shift of a carrier.

An offset quadriphase-shift keying modem modulates, transmits,
receives, and demodulates two parallel binary phase-shift-keyed
waveforms offset in time by one-half of the duration of the

signal waveform.

The decoder will accept hard or soft decision data from the

modem. (Refer to paragrah 4.1.) A hard decision is a one bit

1-9



output, 0 or 1, produced by the demodulator after processing one
binary phase-shift-keyed waveform. A soft decision is a three
bit output, 000, 001, 010, 011, 100, 101, 110, or 111, produced
by the demodulator after processing one binary phase-shift-keyed
waveform. One bit is identical to the hard decision output. The
additional two bits available in soft decisions contain
information about the quality of the demodulator output and
therefore permit improved error correction performance by the

decoder,

Off-1in» built-in test circuits are provided, enabling the
encoder-a-coder to monitor its own performance and to indicate to

the operator when a malfunction occurs.

A loop-back test mode is provided in which the encoder output is
connected to the decoder input through a built-in soft-decision
channel simulator. The encoder clock and data inputs are
internally generated and the decoder output can be monitored by
means of the error rate counter. The loop-back mcde is entered

as the last step in the off-line built-in test sequence.

An internally generated data signal and output error detection
circuits are provided so that end-to-end 1link tests can be
performed. When the system is operating in its normal on-line
mode, the encoder takes its data input from the internal pseudo-
noise (PN) signal generator. The PN signal 1is encoded,
modulated, and transmitted over the channel,. The demodulated

signal is decoded at the receiver. The decoded output can then

be checked bit-by-bit for errors, since the data seguence is

1-10



known, The decoder output errors are fed to the error rate

indicator, and the end-to-end link error rate can be monitored.
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SECTION 2
PREPARATION FOR USE AND INSTALLATION INSTRUCTIONS

2.1 INSPECTION UPON RECEIPT

Equipment should be inspected upon receipt, as follows:

1. Inspect the equipment (unpacked) for damage incurred
during shipment., If the equipment has been damaged,
report the damage to the Contracting Officer.

2. Check the equipment <(unpacked) against the packing
list shipped with the equipment to see if the shipment
is complete. Report all discrepancies to the
Contracting Officer. The equipment should be placed
in service even though a minor assembly or part that
does not affect proper functioning is nmissing or
damaged.

2.2 INSTALLATION INSTRUCTIONS

The encoder-decoder can be used in various applications described
in paragraph 1.5. The operating options can be programmecd by
setting DIP switches or by connecting or disconnecting soldered
jumper wires. The encoder-decoder is programmed for its intendeAd
operating configuration prior to deployment. If the desired
operating mode is different from that which is installed in the
encoder-decoder upon receipt of equipment, the encoder-decoder
must be reprogrammed. Paragraphs 2.2.4 through 2.2.4.8 describe
the methods for implementing the programmable installation
options, These procedures can be performed before or after

installation of the equipment in the rack.

2-1



2.2.1 SITE REQUIREMENTS
There are no specific site requirements for the encoder-decoder.
The location of the encoder-decoder is determined by the terminal

gite,

2.2.2 TOOLS AND MATERIALS REQUIRED

The following tools and materials are required for installing the

encoder-decoder:

1. Common hand tools

2. Soldering equipment (if installing a jumper for
implementing a programmable option)

3. Hookup wire (size #22 AWG), if needed for connection
of a programmable option.

2,2.3 ELECTRICAL CONNECTIONS
2.2.3.1 EXTERNAL POWER CONNECTION - After the encoder-deccder is
installed in the equipment rack, connz2ct the ac power cord

assembly to the ac power source,

2.2,3.2 SIGNAL CONNECTIONS FOR NORMAL OPERATION -~ Encoder-
decoder input/output signals and corresponding input/output pin
connections are listed in tables 2-1 and 2-2. Connector J6 is
the data source/sink connector and is always used. Connectors J5
and j7 are the modem connectors. Connector J5 is used only when
there is no interleaver card in the encoder-decoder. Connector
J7 is used only when the interleaver card is in the encoder-

decoder.



Table 2-1. Data Source/Sink Connector Signal List
Pin Number Signal Descripcion
(J6)
1 - Symbol rate clock
37 + } E2RCLKI to encoder
36 Shield
2 Shield
3 + ERCLKI R Clock to encoder
4 -
5 Shield
6 - } EDATAIN Data to encodcer
7 +
8 Shield Encoder Q-channel
9 - ENCQDAT symbols to modem
10 + (QPSK only)
11 Shield
12 + DECDATA Decoded data from
13 - decoder
14 Shield
15 + ; DRCLKO R Clock from decoder
16 -
17 Shield “
18 + ENC B/Q PSK Encoder BPSK/QPSK mode
control
19 + Q/Q PSK Decoder Offset/QPSK mode
control
34 -
35 + } DSYNC Decoder sync status
36 Stield




Table 2-2. Modem Connector

Pin Number Signal Description
(J5 or J7)
37 +
1l - } ENC 2RCLKOUT Symbol clock from encoder
2 Shield
3 + In QPSK, I channel data
4 - } ENC I DATA from encoder. In BPSK
5 Shield encoded data from encoder
6 +
7 - D2RCLK Symbol clock to decoder
8 Shield
9 -
10 + } D RCLK R Clock to decoder
11 Shield
12 - l LSB of 3 bit quantized
13 + LSBI symbol input to decoder
14 Shield ’ (I Channel in QPSK)
15 -~ MSB of 3 bit gquantized
16 + ; MSBI symbol input to decoder
17 Shield (I channel in QPSK)
18 ~ l Sign bit of 3 bit
19 + 5GNI guantized symbol input
33 Shield, to decoder (I channel
in QPSK)
21 Shield
22 + CHANERS Channel Error output
23 ~
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Table 2-2. Modem Connector (Continued)

Pin Number Signal Description

24 (JS5 only) Shield
25 (JS only) -
26 (JS only) +

LSB of Q channel 3 bit
LSBQ quantized symbol input to
decoder (QPSK only)

27 (JS5 only) Shield
28 (JS only) -
29 (JS only) +

MSB of Q channel 3 bit
MSBQ quantized symbol input to

decoder (QPSK only)
30 (JS5 only) Shieldl Sign bit of Q channel 3 bit
31 (J5 only) - ’ SGNQ guantized symbol input to
32 (J5 only) + decoder (QPSK only)
30 (J7 only) Shield! INTL Interleaver sync status
31 (J7 only) + SYNC
32 (J7 only) - , cuT
34 (J7 only) + l
35 - ERCLKO R Clock from encoder
36 Shield’
20 + DEC B/(JPSK | Decoder BPSK/QPSK mode

control




2.2.4 INPLENENTATION OF INSTALLATION OPTIONS

The following paragraphs describe the methods of implementing the
internal programmable installation options if the desired
operating mode is different frowm that which is installed upon
receipt of the equipment. The terminals to be soldered@ and the
switches to be set are 1located on the 1/0 card, with the
exception of the interleaver bypass switch which is located on
the Interleaver Card. Refer to figure 1-2 for the locations of

these cards,

In normal on-line operation, the two ends of the link each
require their own encoder-decoder; the encoder portion is
associated with the transmit end, and the decoder with the
receive end. Both of these encoder-decoders must be programmed

for the same mode of operation.

2.2.4.1 BPSK, QPSK OR OQPSK INTERFACE - The encoder-decoder is
factory programmed to operate in BPSK mode. To select QPSK mode,
ground J6-18 and J5-20 on the back panel connectors. To select

OQPSK mode, ground J6-18, J6-19 and J5-20.

2.2.4.2 BARD OR SOFT DECISION MODE - The encoder-decoder 1is
factory programmed to operate in soft decision mode. To select
hard decision mode, install a #22 AWG wire jumper between P1-27

and P1-89 on the I/0 Card.

2.2.4.3 REVERSE GENERATORS - The encoder-decoder is factory

programmed so that the code generator DIP switches are set to

NORMAL. To reverse encoder code generators, turn DIP switch 1 to
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OFF. (Switch is off when side marked ON is up.) To reverse
decoder code generators, turn DIP switch 8 to ON in BPSK and to
OFF in QPSK. For rate 1/3 operation, these switches wmust be set
to NORMAL; i.e., switch 1 to ON, switch 8 to OFF.

2.2.4.4 DIFFERENTIAL CODING - To select differential encoding,
turn DIP switch 2 to OFF. To select differential decoding, turn
DIP switch 5 to JFF. The encoder-decoder is factory programmed

to disable differential coding and decoding.

2.2.4.5 INVERTING ALTERNATE CHANNEL SYMBOLS - The encoder-
decoder is factory programmed in the normal mode; i.e., alternate
channel symbols are not inverted. The encoder will invert
alternate channel symbols when DIP switch 3 is turned to OFF.
The decoder will decode data with alternate channel symbols

inverted when DIP switch 4 is in the ON position on the I/0Q Card.

2.2.4.6 CODE RATE - The encoder-decoder is factory programmed to
rate 1/2 coding. To select rate 1/3 coding, turn DIP switch 6 on

the I/0 Card to the OFF position.

2.2.4.7 PATH MEMORY - LINKABIT makes two aifferent path memory
cards with different delays. The path memory switch assures
compatibility with each delay. Normal operation is with the 1/C
Card DIP switch 7 turned to ON. The encoder-decoder is factory

programmed in the normal mode.



NOTE

The path memory switch is not normally
moved in the field.

2.2.4.8 INTERLEAVING - The encoder-decoder is factory programmed
to disable symbol interleaving. Symbol interleaving may be
selected by throwing the interleaver IN/OUT switch on the edge of
the interleaver card to IN. When the interleaver card is
installed, the data input to the encoder-decoder from the modem
must use connector J7. The encoder-decoder will operate with the
interleaver card removed if the modem connector J5 is used. The

interleaver card may only be used in the BPSK mode of operation,
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SECTION 3
OPERATING INSTRUCTIONS

The encoder-decoder may be used in tsree modes: duplex 1link
communication, 1link test, and seif test, Duplex 1link
communication is the normal mode of cperation for the encoder-
decoder. In this mode, the encoder-decoder provides charnel
error correction for the communication link. The link test mode
is used to determine channel quality from modem to modem. Full
duplex channel testing can be performed using 1link test

procedures,

Self test procedures are performed for fault isolation and to
ensure that the encoder-decoder is operating properly. On-line
tests provide continuous monitoring, both dynamic and static, of
various circuit parameters when the encoder-decoder is in the on-
line (normal) duplex link mode of operation (paragraph 3.4). A
detailed description of the self-test functions is provided in

paragraphs 4.9, 4.10, and 4.11.

3.1 CONTROLS AND INRICATORS
Encoder-decoder controls and irdicators are shown in figure 1-1

and described in table 3-1.
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Table 3-1.

Controls and Indicators

Control/Indicator

Position

Function

MODE, Rotary
Switch

OFF-LINE TEST

ON-LINE TEST

LINK TEST

Places encoder—-decoder in
the internal self-test mode.

Normal mode for operation in
the communication link.

Selects an internally
generated 2047 bit pseudo
noise sequence for data to
be encoded and transmitted
over the communication link,

ERROR RATE
2-position
toggle switch

CHANNEL (x10~3)

OUTPUT (x10™>)

Causes ERROR RATE display
to display channel symbol
error rate,

In LINK or OFF-LINE test

(LINK TEST mode, causes ERROR RATE dis-
ONLY) play to display decoder out-
put bit error rate. In
ON-LINE mode display always
displays channel error rate.
STATUS TEST Depressed When the MODE Switch is in

momentary
push button

OFF-LINE TEST, initiates
the encoder-decoder self
test.

FAULT Indicator

Illuminates when a fault
exists in the encoder-
decoder.




Table 3-1.

Controls and Indicators (Continued)

Control/Indicator

Position

Function

SYNC Indicator

Illuminates when the decoder
is in sync.

ERROR RATE
display

Displays channel error rate
as a multiple of 10”3 or
output error rate as a
multiple of 107> as
determined by switch
setting.

POWER Switch

Applies prime power to the
encoder-decoder.
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3.2 INITIAL CONTROL SETTINGS

Before placing the encoder-decoder into operation, the site

requirements must be reviewed, and the following control settings

should be made:

1.

2.

Ensure that the POWER switch is in the
OFF position when prime site power is
applied, to avoid damage to internal
circuits of the encoder-decoder.

Set POWER switch to OFF before applying prime site
power,

After prime site power is applied, set controls for
normal operation, as described in table 3-2.

3.3 NORMAL OPERATION

For normal operation (on-line) the encoder-decoder is placed

the duplex link communication mode of operation, as follows:

1.

2.

Ensure controls are set as shown in table 3-2.

Place MODE switches of encoder-decoders at both ends
of the 1link in the ON-LINE position. The normal
duplex link is now established.

At the receive terminal, measure the channel error

rate by using the ERROR RATE counter, as described in
paragraph 13.6.
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Table 3-2. Control Settings for Normal Operation
Control Setting Indicator Required Indication
MODE ON LINE
POWER ON POWER Illuminated
ERROR RATE CHANNEL SYNC Illuminated
(x1073)
FAULT Extinguished
ERROR RATE Detected channel
Counter error rate
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3.4 QFF-LINE TESTS

Off-line tests are controlled by a microprogrammed processor and
consist of fault isolation and 1loop-back tests, The fault
isolation circuitry detects a go or no-go condition. When the
fault isolation sequence is terminated, the processor is
programmed to initiate a loop-back test which provides a
simulated channel condition signal to the encoder. During the
loop-back test the simulated channel error rate of the decoder
output rate may be selected and displayed on the ERROR RATE
counter (paragraph 3.6). The off-line test program also contains
provisions for inserting a fault into the encoder-decoder and
indicating whether or not the fault isolation tests detect the

fault.

Performing off-line tests on the encoder-
decoder will interrupt digital |user
communication on either 1link, transmit,
or receive, 1if the modem is programmed
for external error coding of the LV7017
encoder-decoder.

1. Put the MODE switch in OFF-LINE TEST position.

2. To perform a loop-back test, momentarily depress the
TEST pushbutton, Initially, the FAULT indicator will
illuminate momentarily, after which the GO indicator
will illuminate and remain illuminated. (Refer to
paragraph 4.11 for explanation of the sequence.,)
Also, the STATUS SYNC indicator is illuminated.

3. Repeat ctep 2 several times, When the GO indicator
remains illuminated, the encoder-decoder is performing

properly.



NOTE

Depressing the TEST pushbutton
automatically initiates the loop-pack
test (see step 2). This action will
commence approximately 3 seconds after
operating the TEST pushbutton, and
will remain in this mode until the
unit is taken out of the test mode
(MODE switch is ON LINE or LINK TEST)
or until self-test is reinitiated by
depressing the TEST pushbutton.

4. During the test in step 2, use the procedures in
paragraph 3.6 to measure simulated channel error rate
or decoded output error rate., The ERROR RATE counter
shculd indicate 050 #10% for the channel error rate
and less than 006 for the output error rate. (See
paragraph 4.11.)

3.5 END-TO-END LINK TEST
Full duplex channel testing can be performed during the end-to-
end link test, To perform an end-to-end link test, proceed as

follows:

1. If the e~ncoder-decoder 1is nonoperational, set the
switches as shown in table 3-2, except select LINK
TEST.

2. Place MODE switches of the encoder-decoders at both
ends of the link in the LINX TEST position for LINK
TEST operation, The end-to-end link test has now been
initiated.

3. Measure either channel error rate or decoder output
error rate (paragraph 3.6) at the receive termirals by
using the ERROR RATE counter. The decoder error rate
measurement gives ¢ measure of performance of the
entire communication system from the encoder input at
the transmit end to the decoder output at the receive
end of the link.
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3.6 OSE OF THE ERROR RATE COUONTER

The ERROR RATE counter can be used to measure either channel

error rate or decoder output error rate.

However,

the decoder

output error rate can be measured only when the encoder-decoder

is in the OFP-LINE TEST or LINK TEST morfes.

To use the ERROR RATE counter, proceed as follows:

1.

Change the error source from channel error: to output
errors, or from output errors to channel errors, by
changing the setting of the CHANNEL/OUTPUT switch.

When measuring CHANNEL error rate, multiply the 3-
digit output shown on the ERROR RATE display by 1073
(0.001). Thus 013 becomes 013 x 0.001 = ,013.

When measuring QUTPUT error rate, multiply the 3-digit
output by 102 (0.00001). Thus 056 x 0.00001 =
.00056.

NOTE

The maximum count is 999 on the 3-digit
indicator. This can never be exceeded
when measuring channel error rate. If
the maximum count 1is exceeded when
measuring output error rate, this can be
taken to be an indication of a
malfunction somewhere in the system.



SECTION 4
TREORY OF OPERATION

4.1 INTRODUCTION

The encoder-decoder enhances communication system performance
over a satellite 1link bv correcting errors due to noisy
environment, The error correction process begins by adding
redundancy to a digital daca stream by means of an encoder
located at the transmit end of the link. At the receive ead, a
decoder uses this redundancy to correct almost all the errors

introduced by the channel.

Encoding is accomplished by means of a convolutional encoder
having a code rate of 1/2 or 1/3 and a constraint length cof
seven, The rate 1/2 refers to the fact that each information bit
into the encoder is encoded into twvo channel symbols, Similarly,
the rate 1/3 refers tc the fact that each information bit into
the encoder is encoded into three channel symbol.. A constraint
length of seven indicates that the encodei outputs, wher an
information bit is input, are determined by the present

information bit and the previous six information bits.

The decoder is implemented using a technigue known as the Viterbi
decoding algorithm., The symbols received from the -—hannel, and
thus potentially noisy, are fed to the decoder by the
demodulator, The decoder outputs one information bit for each

two cr three symbols, depending on code r._te, Due to the

complexity of the Viterbi algorithm, there is a delay of 72 bit

times from the time the channel symbols enter the decode~ to the
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time the associated information bit emerges in its decoded form

at the decoder output.

The decoder can accept demodulated data in either of two formats
(paragraph 1.5). The first, termed hard decision, involves each
Cerdodulated symbol being represented as a logical "1* or a
logical "0". This is the most common form for digital data. 1In
the second format, termed soft decision, each symbol is
represented by three bits: a sign bit, which is identical to the
hard decision output, plus two magnitude bits which give a
measure of the quality of the data. Use of soft decision data
yields a significant performance improvement over hard decision

(paragraph 4.2).

A technique known as differential coding is often used to
eliminate certain ambiguities present in BPSK and QPSK modems.
The techmique involves reformatting the original data stream into
one in which ianformation is contained in symbol transitions. The
encoding process looks at the present information bit and the
previous lransmitted symbol. If the present information bit is a
one, the differentially encoded symbol is the inverse of the
previous transmitted symbol. If the present information bit is a
zero, the differentially encoded Dit is the same as the previous
transmitted symbol. To differentially decode, a one is output
whenever the received symbol changes and a zero when there is no

change,

With the interleaver card installed and switched in, coded

symbols are interleaved by a periodic interleaver. After
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demodulation, received channel symbols are then deinterleaved.
This process is used to diminish the effects of bursts of noise

by spreading the burst over widely scattered (in time) symbols.

4.7 LOLING GAIN

The ::ansmission of digical data over a satellite communications
link typically results ir random errors in the data sent from the
demodulator to the data sink. These errors are primarily caused
by the noise inherent in the satellite link. The performance of
a digital communication link is generally measured in terms of
the average bit error rate at the digital output of the link.
Average bit error rate is determined bty dividing the number of
bit errors occurring in a large sample of bits by the total
number of bits in the sample. The resulting number is the bit
error probability, also referred to as the average bit error
rate. For example, if it is determined that 40 errors have
occurred in a total of 19,000 bits, the bit error probability is

40/10,000 or 4 x 103,

The bit error probability produced by a satellite communications
link is a function of the data rate and the signal-to-noise ratio
present at the modem receiver input. At higher data rates, more
signal power is required to achieve the same error rate.
Ideally, the dependence of bit error probability on data rate for
a given signal-to-noise ratio may be removed by redefining

signal-to-noise as

F,/N, = signal power to noise power in bandwidth
egqual to data rate.



Alternately, this ratic can be viewed as the ratio of the signal
energy in one bit (Eb) to noise power in one cycle of bandwidth
(N,) alternately termed noise density. The bit error probability
as a function of E,/N, can now be plotted as a single curve for

all data rates as illustrated in figure 4-1.

As shown in fiqure 4-1, if only differential coding is used, the
signal-to-noise ratio (Bb/No) required to obtain . low bit error
rate is higher than that required to obtain the same error rate
with either hard or sof:t decision rate 1/2 decoding. For
example, if a user required an error rate equal to or less than
1 x 10-5, the minimum signal-to-noise ratio (Ep/Ng) needed to
support this requirement using only differential coding is +9.5
ds. If Viterbi soft decision rate 1/2 decoding is used, the
signal-to-noise ratio reguired is reduce¢ to +4.5 dB. Stated
another way, it can be said that rate 1.2 Viterbi soft decision
decoding provides a coding gain of greater than S dB. Using this
definition, it is seen that the coding gain for hard decision
operation is about 3 4B, 1illustrating the 2 dB performance

improvement afforded by soft decision over hard decision

operation,
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4.3 INTERFACE AND TIMING

Since the encoder-decoder will operate with both PSK and QPSK
modems, the encoder-decoder must be capable of accepting/
generating either one serial rate S symbol stream or two parallel
rate R symbol streams. The clock signals are of such frequency
that one cycle of the R clock is equal to a unit interval of the
data signal and two (or three in rate 1/3) cycles of the S clock
are equal to one unit interval of the data signal. The
relationships of the receiver and transmitter data and clock
interfaces for BPSK and QPSK are shown in figures 4-2, 4-3, and
4-4. The OQPSK data format is shown in figure 4-5. The
functional interfaces for serial (BPSK) and parallel (QPSK and

OQPSK) operation are described in paragraphs 4.4, 4.5, and 4.6.

4.4 SERIAL SYMBOL STREAM (BPSK MODEM)

In the serial symbol mode, the encoder-decoder interfaces with a
BPSK modem (figure 4-6). The modulator accepts the data at rate
R, conditions it, and interfaces with the convolutional encoder.
The encoder returns a single coded stream of encoded symbols at
rate S to the modem. At the receive end of the link, the modem
output (either hard or soft decision), is interfaced with the
decoder at rate s for Viterbi decoding. The decoded data is
returned to the demodulator for output conditioning. The

appropriate clock accompanies data across all interfaces.
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4.5 PARALLEL SYMBOL STREAM (QPSK MODEM)

In the parallel symbol mode (rate 1/2 only), the encoder-decoder
interfaces vith a QPSK modem (figure 4-7). The modulator accepts
the data, conditions it, and interfaces with the convolutional
encoder. Two parallel encoded streams at rzte R are returned to
the modem. The receive modem output (either hard or soft
decision) is formatted into two parallel symbol streams at rate R
and is interfaced with the Viterbi decoder. The decoded data is
returned to the demodulator for output conditioning. The

appropriate clock accompanies data across all interfaces.

4.6 OFFSET PARALLEL SYMBOL STREAM (QQPSK MQODEM)

In this parallel symbol mode (rate 1/2 only), the encoder-decoder
interfaces with an offset QPSK modem in which the guadrature
channels (I and Q) are offset in time, the Q channel trailing the
I channel by 1/2 bit time. This offset is accomplished in the
modulator after the encoding process, The interface arrangement
is shown in figure 4-8. The modulator-encoder interfaces are
similar to those in paragraph 4.5 except both the R and 2R clocks
are present. The demodulator returns two parallel symbol
streams, offset in time, to the decoder at rate R. The decoded
data is returned to the demodulator for output conditioning. The

appropriate clock accompanies data across all interfaces,.
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4.7 ENCODER QPERATION

A cate 1/n, constraint length seven, convolutional encoder
consists simply of a 7-stage shift register with n parity check
networks, each connected to a distinct subset of the shift
register outputs. An encoder is shown in block diagram form in
figure 4-9, The n encoded output symbols are then formatted
according to the particular mode of operation. The encoder is

physically located on the input/output circuit card.

4.8 DECODER OPERATION

The method of decoding used in the equipment is an implementation
of the Viterbi decoding algorithm. The decoder turns out (0 De
much more complex than the associated encoder. Furthermore, the
complexity of the decoder is dernendent on the constrain. length

cf the code; in this case, the constraint length is K = 7,

The algorithm calls for the performance of 2K=1 = 64 aritametic
operations during each bit time, the output of each operation

being a decision bit and a multitit number called a state metric.

The data input from the associated modem demodulator is
reformatted into four multibit numbers called branch metrics, and
are used, along with the stored metrics, during the arithmetic

operations,

The 64 decisions are stored in a memory section called the path
memory, and the 64 state metrics (M1 through M64) are stored in

the metric memory. The state metrics are updated each bit time,

but the decision bit:z are retained for a mininum of 32 bit times,

4-14



INPUT DATA ——=P4 7-STAGE SHIFT REGISTER

L » SYMBOL A

j—pSYMBOL R

r
*— —»
4 $  PARITY
—{ CHECK
T _»| CIRCUIT
—
* —
P PARITY
L —»| CHECK
»| CIRCUIT
L -
™ pARITY
»1  cHEck
»{ cmcurr
*

1835

— Symboi C

(RM'E 13 ONLY)

Figure 4-9. B »)ck Diagram of Encoder on Input/Output
Circuit Card Assembly



It is from the decision bits (D1 through D64) stored in the path

memory that the decoded bit is selected, once each bit time.

The decision bits stored in the path memory are arranged in 64
groups called paths. One state metric is associated with each of
the 64 paths. The decoding process then involves selecting the
path with the best state metric (in this case, best means
smallest valued), and the oldest decision bit associated with

this best path is then selected as the deccded bit.

A block Adiagram of the decoder is shown in figure 4-10. The
input section contains all the circuits necessary for formatting

the data and forming the four branch metrics.

The arithmetic processor uses the four branch metrics and 64
state metrics to perform the required 64 cperations, generating
64 updated state metrics which are restored in the metric memory.
The arithmetic processor and the metric memory combine to make up
the arithmetic section, The arithmetic processor also includes
circuitry for determining the best state, i.e., the lowest valued

state metric,

The 64 decision bits generated bv the arithmetic jrocessor are
sent to the path memory where they are stored. The output
section uses the data stored in the path memory and the best
state output from the ari*™netic processor to select the decoded

output bit.

The input section and portions of the output section are located
on the input/output circuit card A2. The remainder of the output
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section and the path memory are located on the path wmemory
circuit card A3, The arithmetic section, consisting of the
arithmetic processor and the metric memory are located on the

arithmetic circuit card.

4.9 SELF-TEST PUNCTIONS

The c¢n-line and off-line fault detectors and indicators using

built-in test circuits are described in paragraphs 4.10 and 4.11.

4.10 ON-LINE MONITORING, TESTING. AND INDICATION
Pefer to paragraph 3.2 for a description of the function of the
on-line fault indicator. The on-line monitoring consists of both

static and dynamic testing.

The on-line dynamic test circuits consist of the following:

1. Encoder fault detector
2. Decoder fault detectcr

3. Error counter, which drives the front panel ERRCR RATE
display

4. Clock fault detector, which generates a fault signal
when a clock signal is interrupted.

An on-line test mode, called the LINK TEST, is provided to
facilitate testing of complete communication links. The built-in
pseudo-noise 3Jjenerator is used s the data input to the encoder;
otherwise the encoder-decoder operates in its normal on-line

mode. At the decoder, since the data sequence is known, both the

decoder output error rate and the channel error rate can be

measured using the procedures of paragraph 3.6. The procedures

for entering the LINK TEST mode are described in paragrapgh 3.5.
4-18



4.11 QFP-LINE MONITORING AND INDICATION

The off-line tests consist of fault isolation and loop-back
tests. The built-in test equipment for performing these tests
includes a pseudo-noise data g¢enerator, error detector, and a
digital noise generator, A microprogrammed processor controls

the built-in test circuits in the fault isolation procedure.

The fault isolation test detects a go or no-go condition. When
the MODE switch is in the OFF-LINE TEST position and the TEST
pushbutton is depressed, the microprogrammed processor initiates
a series of tests which provide a go or no-go indication., 1If a
no-go condition exists, the FAULT indicator 1is illuminated.
These tests do not, of course, detect every possible fault., The
tests are designed to isolate those faults which are most likely
to occur in the encoder-decoder. The test program includes a
BITE self-test which inserts predetermined faults into the
encoder-decoder. A momentary 1illumination of the FAULT
indicator, shortly after cycling the TEST pushbutton, is proper
and indicates that the self-test circuits have detected the
inserted fault. After detection, these faults are removed and a

steady illumination of the FAULT indicator signals a true fault.

The loop-back test (figure 4-11) is the last step of the off-line
test sequence and 1is automatically enabled after the fault
isolation procedure 1is completed. An internal oscillator
provides the clock source and the pseudo-noise generator output
is used as the encoder data input. The encoded output is passed

to the digital noise generatcr which simulates the channel noise

eand puts out a signal which simulates the soft decision modem

4-19



0Z-¥%

R CLOCK ——|

ENCODER

ENCODED OUTPUT

R CLOCK

8 CLOCK

vy ¥

DATA
»

DATA
GENERATOR
AND ERROR R CLOCK ,

PECCDER
ERRORS DECCDED
OUTPUT
ERROR
COUNTER
<+ o-
R CLOCK

v

TO ERROR
RATFE DISPLAY

1837

Figure 4-11.

DECODER

<

SOFT
DECISION
ouTPUT

4ﬁ L 2R |

DIGITAL
NOISE
GENERATOR




output. This corrupted version of the encoder output is then fed
to the decoder. The ERROR RATE counter and display can now be
used to measure either the simulated channel error rate or
decoder output errcr rate. (Refer to paragraph 3.6.) The
channel error rate should read approximately 0.050 and the output

error rate should be less than 0.00006.
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SECTION 5
MAINTENANCE INSTRUCTIONS

S.1 GENERAL

This chapter provides preventive and corrective mainteaance
instructions for the encoder-decoder. It lists tools, test
equipment, and materials needed to troubleshoot the encoder-
decoder, trace faults to chassis mounted discrete parts, and
replace defective circuit card assemblies and chassis mounted
discrete parts. Maintenance inspection and repair procedures in
this chapter are for those parts which may be replaced at the on-

site level of maintenance.

Tools, test equipment, and materials required for maintaining,
troubleshooting, and repairing the encoder-decoder are listed in

table 5-1.

5.2 PREVENTIVE MAINTENANCE

To ensure that the encoder-decoder is always ready for operation,
it must be inspected systematically so that defects may be
discovered and corrected before they result in serious damage or
failure. Recommended preventive maintenance checks and services
to be performed are listed in table 5-2. Defects discovered
during operation of the unit should be nocee for future
correction to be made as soon as operation har ceased. Operation
should be stopped immediately if a deficien v 18 noted during

operation which would damage the equipment.
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Table 5-1. Tools, Test Equipment, and Materials

Item Description
Tool kit Common electronic repair tools
Multimeter Hewlett-Packard HP4106, or equivalent
Trichloroethane

Cleaning cloths

Brush Soft bristle

Grease MIL-G-23827, or equivalent
Loctite Grade HV #77 (MIL-S-22473)
Wire Hookup, AWG #22 (MS20995C20)

5-2




Table 5-2.

Preventive Maintenance Checks and Services

ITEM TO BE
CBECKED

PROCEDURE

SCHEDULE/ACTION

Encoder-Decoder

Switches

Fan

Cables and
Connectors

Off-line test

Check equipment for
cleanliness,

Check mechanical
action for smooth-
ness and positive
detent action,

Check that fan is
operating by
sensing airflow.

Check all inter-~-
connecting cables
and connectors for
cracks and breaks.
Tighten all con-
nectors.

Perform OFF-LINE
TEST.

Daily/Refer to para-
graph 5.2.1 for clean-
ing instructions.

Daily/Refer to removal
and replacement
(paragraph 5.3.2).

Each time equipment is
energized/Ref- ¢
troubleshooti
(paragraph 5.3.1).

Weekly/Refer to para-
graph 2.1.

Daily/Refer to para-
graph 3.4.




5.2.1 CLEANING

Perform cleaning procedures as follows:

1. Clean
cloth,

2. Clean
brush.

3. To remove grease, fungus, or corrosion, use a cloth

WARNING

The fumes of trichlorjethane are toxic.
Provide thorough ventilation whenever
used. DO NOT USE NEAR AN OPEN FLAME.
Trichloroethane is not flammable, but
exposure of the fumes to an open flame or
hot metal forms toxic phosgene gas,

Do not allow trichloroethane to enter
“humbwheel switches.

Do not use on or allow trichloroethane to
touch circuit card assemblies.
wTrachloroethare will damage the conformal
coating on these assemblies.

exterior surfaces with a clean, soft, lint-free

areas around switches and indicators with a soft

dampened in trichloroethane.
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5.3 CORRECTIVE MAINTENANCE

5.3.1 TROUBLESBOOTING

This section contains troubleshooting procedures (table 5-3) to
isolate a fault in the encoder-decoder to a defective circuit
card assembly or part. Test points used during _cotubleshooting
are shown in figure 5-1. Most encoder-decoder faults will be
quickly isolated by use of the OFF-LINE TEST method and the
nmultimeter (paragraph 3.4). When the use of the multimeter is
required for fault isolation, the required meter indications are
shown in the troubleshooting chart in table 5-3. Ensure that the
desired programmable installation options are installed. (See

paragraphs 2.2.4 through 2.2.4.8.)

$.3.2 REMOVAL AND REPLACEMENT PROCEDURES
When trouble has been localized to a circuit card assembly or
part, the defective part should be removed and replaced, as

described in the following paragraphs.

5.3.2.1 FUSE - The fuseholder is mounted on the rear panel
(fiqure 1-2). To remove and replace the fuse, proceed as

follows:

1. Remove the fuseholder cap, and pull the defective fuse
out of the cap.

2. Push the replacement fuse into the fuseholder cap
until it seats properly.

3. Replace the cap in its receptacle and turr. to lock.

N
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Table 5-3.

Troubleshooting Chart

Item
No.

Symptom

Probab;e Cause

Corrective Action

When POWER switch
is set to ON, fan
does not start
and POWER indica-
tor dces not
illuminate,

When POWER switch
is set to ON, fan
does not start,
but POWER indica-
tor illuminates,

When POWER switch
is set to ON,
POWER indicator
does not illu-
minate, but fan
starts,

a, Blown fuse

Primary power
is absent.

Defective
primary power
cable assem-
bly.

a, Defective fan

a, Vpe to ground
short on one
or more of thdg
circuit card
assemblies,

Check blown fuse
indicator. 1If
illuminated, re-
place fuse (para-
graph 5.3.2.1).

Check connector
at source input
and cable con-
nection at rear
of encoder-—
decoder,

Check continuity
of cable and re-
place if defec-
tive,

Check for 110 Vdc
at terminals of
fan. If voltage
is present, re-
place fan (para-
graph 5.3.2 5.

Turn POWER off.
Remcve a circuit
card. Turn POWER
on., If POWER
indicator lights,
replace the card
remcved. If not,
repeat for all
circuit caxd
assemblies.




Table 5-3. Troubleshooting ¢« “.:t

(Continued)

Item
No. Symptom Proubable Cause Cecrective Action
3 Continued b. Defective b, Power down. With
backplane, all CCA's removed
make continuity
check from Vee
to ground termi-
nals on backplane.
Neplace if short-
ed.
c. Defective Cc. Replace power
power supply. supply.
4 FAULT Indicator a, Fault in one . Pxobe points a-F

4A

4B

illuminates

Pin A shows FAULT

Pin B shows FAULT

+f more cir-
cuit cards.

Arithmetic
card improp-
erly seated
or defective.

a.

I1/0 card
improperly
seated or

or defective,

on display and
control board,
shown in figu-e
5-1. PFault is
indicate¢d by the
presence of a
logic zero at any
of these points,

as

Proceed to 4A, 4B,
4C, 4D, 4E or 4F
as indicated. If

none are logic
zero, replace dis-
play and control
card.

Reseat or replace
Arithmetic card
as necessary.

Reseat cr re-
place 1/0 card
as nhecessary.
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®able 5-3. Troubleshooting Chart

{Continued)

indicator does

not illuminrate,
and FAULT does

not illowirate

durin- . ff-line
tests.

seated or de-
fective cir-
cuit card.

ite
No. Symptom Probable Cause Corrective Action
4C Pin C shows FAULT [a. Path memory a. Reseat or re-
card improp- place path
erly seated or memory card as
defective. necessary.
4D kin D shows FAULT |{a. Encoder is a, Replace 1/0
malfunction- card.
ing.
4E Fin E shows SAOLT a. Decoder FAULT |a. Perform OFF-LINE
TEST and take
corrective action
as indicated by
state of nins A,
B and C.
4F |Pin F shows FAULT a. Clock fault a. Verify presence
due to im- of encoder clock
proper cnn- inputs ana de-
nection. coder clock
inputs.

b. Clock fauit b, Perform OFF-LINE
due to cir- TEST and take
cuit card corrective ac-
failure, tion as indica-

ted by status
of pins A, B, and
Cc.

S STATUS SYNC a. Improperly a. Reseat circuit

cards. If fault
remains, replace
circuit cards
one at a time,
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Table 5-3. Troubleshooting Chart (Continued)

Item
No. Symptom Probable Cause Corrective Action
5 Continue? b. Defective I/0 |b. Perform conti-

cable. nuity check on
I/0 cable and
replace if faulty.

c. Defective dis-|c. Replace display

play and con- anc control cir-
trol circuit cuit card.
card.

d. Defective d. Replace backplane
backplane cir- circuit card.

cuit card.




5.3.2.2 PLUG-IN CIRCUIT CARD ASSEMBLIES - To remove and replace

Plug-in circuit card assemblies, proceed as follows:

1.

2.

Release the two front panel fasteners (figure 1-1) and
lower the panel.

Identify the circuit card assembly (figure 1-2) to be
removed. To remove the input/output circuit card
assembly card (card 3), disconnect the flat cable
connector.

Unseat the circuit card from the receptacle by first
pulling outward on the circuit card ejector tabs.
After unseating the circuit card, return the ejectors
to their original position.

Carefully pull the circuit card straight out of the
chassis.

Lay the card@ on a clean workbench with the component
side up. Handle the card at the edges,

Insert the replacement circuit card assembly in the
guide slots and carefully press straight in untili its
connector is fully engaged in the receptacle, Secure
the front panel fasteners.

5.3.2.3 REPLACEMENT OF DISPLAY AND CONTROL CIRCUIT CARD

To

remove and replace the display and control circuit card, proceed

as follows:

l.

Remove dress nuts and washers from all front parnel
toggle switches except the PCWER switch. Loosen the
setscrew on the MOCE switch knob and remcve the knob
and dress nut,

Open the front panel, and remove cables from connectcr
J8.

Unsolder the FAULT and SYNC LED leads at the rear of
the Display and Control Card.

Remove the six circuit card mounting screws, flat
washers, and lockwashers (figqure 5-1). Remove the

5-11



circuit card from the front panel. The FAULT and SYNC
LED8 will remain with the front panel.

. Position the replacement circuit card cacefully over

the LED leads and centered over the standoff holes
from which the six screws and washers were removed in
3.

Install the replacement circuit card using the six
screws, and solder the LED leads to the card. Connect
the cable removed in step 2 to J8.

Close and secure the front panel. Replace the toggle
switch washers and dress ~.:s and the MODE switch knob
and dress nut removed in :tep 1.

5.3.2.4 REPLACEMENT OF 5-vOLT POWER SUPPLY - To remove

replace the 5 volt power supply, proceed as follows:

1.

Single screws at the rear of the top and bottom covers
hoid the covers to the chassis. Remove the screws and
slide cff the covers.

Remove the rear panel by removing the four corner
screws (figure 1-3).

Remove the barrier strips on th- power supply terminal
boards, Tag and remove the wires at the terminal
boards.

Four screws on the chassis bottom hold the power
supply to the chassis. Remove these screws and lift
the power supply from the chassis.,

Lower the replacement power supply into the chassis
and attach the power supply, using the four screws
removed in step 4.

Attach the wires at the terminal bocrds. Attach the
barrier strips to the terminal boards.

Attach the rear panel to the chassis using the four
screws removed in step 2.

Slide on the top and bottom covers and attach the
covers using the screws removed in step 1.

5-12
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5.3.2.5 PAN - To remove and replace the fan, proceed as follows:

1. Single screws at the rear of the top and bottom covers
hold the covers to the chassis. Remove the screws and
slide off the covers.

2. Remove the finger guard on the fan by removing the
four screws (figure 1-3).

3. Remove the fan wires,

4. Remove the four screws, eight washers, and four nuts
that hold the fan to the chassis.

S. Attach the replacement fan to the chassis, using the
hardware removed in step 4.

6. Attach the fan wires.

7. Attach the finger guard to the fan, using the four
screws removed in step 2.

8. Slide on the top and bottom covers and attach, using
the screws removed in step 1.

5-13



SECTION 6

LOGIC DIAGRAMS

6.1 INTRODOCTICN
This section cnontains 1logic diagrams of the Input/Output,

Arithmetic, and Power Supply circuit cards.

6.2 LIST QF DRAWINGS

The following is a list of drawings contained in this section:

Drawing Numbexr = Title
LD 21368 Input/Output CCA
LD 21369 Arithmetic CCA
LD 21493 Backplane CCA
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