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Thin repor t  d e s c r i b e s  a hardware i n t e g r a t e d  convolur ional  

coding/syubol i n t e r l e a v i n g  and i n t e g r a t e d  symbol 

de in ter leawing/Vi terb i  decoding s imula t ion  system wnich w i l l  be 

used by t h e  government t o  v a l i d a t e  t h e  a n a l y t i c a ~ l y  p r e d i c ~ e a  

performance of t h e  TDRSS S-band r e t u r n  l i n k  wi th  BPSK modulation, 

opera t ing  i n  a pulsed RFI environment. 

The system c o n s i s t s  of t h r e e  components, t h e  Fas t  L i n ~ a b i t  

Error  Rate Tes te r  (FLERT), t h e  T r a n s i t i o n  P r o b a b i l i t y  Generator 

(TPG), and a a ~ o a i f i e d  LV7017B which inc ludes  r a t e  1 / 3  c a p a b i l t y  

a s  w e l l  a s  a p e r i o a i c  interleaver/deinterleaver. Operat ing and 

maintenance manuals f o r  each of these u n i t s  a r e  included a s  

appendices t o  t h i s  repor t .  

The FLERT sends clocked psuedo-random d a t a  t o  t h e  LV7017B, 

which e ~ c o d e s  t h e  data i n t o  symbols which a r e  then i n t e r l e a v e a  

and s e n t  t o  t h e  TPG. The TPG is programmed v i a  an HP9825 

c a l c u l a t o r  t o  s imula te  t h e  s t a t i s t i c s  of va r ious  channels  by 

i n s e r t i n g  symbol e r r o r s  and adding s o f t  d e c i s i o n  b i t s  t o  t h e  

encoded and i n t e r l e a v e d  symbol stream. The corrupted  symbol 

stream is re turned t o  t h e  LV7017B where it is de in te r l eaved  and 

V i t e r b i  decoded. The decoded da ta  is s e n t  t o  t h e  FLERT, which 

measures t h e  b i t  e r r o r  r a t e  and d i s p l a y s  it. The HP9825 

c a l c u l a t o r  is equipped w i t h  software t h a t  a l lows t h e  user  t o  run 

automated tests i n  w h i c h  t h e  operator  loads  p e r t i n e n t  parameters 

such a s  t h e  requi red  s e t t i n g s  of t h e  FLERT, t h e  lengtn  of t h e  

t e s t  i n  b i t s ,  t h e  l o c a t i o n  on c a s s e t t e  t ape  of t h e  noise  

s t a t i s t i c s  t o  be used f o r  t h e  t e s t ,  and t h e  number of d i f f e r e n t  



tests t o  &e run. The c a l c u l a t o r  t a k e s  measurements from t h e  

FLERT and p r i n t s  t h e  r e s u l t s  on its hard copy p r i n t e r .  

The L V f O l f B  has a v a r i e t y  of r~odif i c a t i o n s  implevrented f o r  

t h i s  p a r t i c u l a r  app l i ca t ion .  The most s i g n i f i c a n t  of these  is 

t h e  a d d i t i o n  of a reduced met r i c  r a t e  1 / 3  c a p a b i l i t y .  LINKABIT 

developed t h i s  metric by t h e  use of computer s imula t ions  which 

de te ra ined  t h e  performance r e s u l t i n g  from t h e  use of each or  four  

d i f f e r e n t  metrics. The metric s e l e c t e d  f o r  use i n  t h i s  system 

e x h i b i t s  performance wi th in  one-tenth of one dB of t h a t  of a non- 

reduced metric system. A summary of t h e  r e s u l t s  of LINltABITgs 

s imula t ions  is shown i n  t h e  curves of Figure  1.1, wnich snows t h e  

performance of t h e  four  d i f f e r e n t  cases simulated as w e l l  a s  t h a t  

f o r  t h e  non-reduced met r i c  case. 

The modified LV7017B a l s o  con ta ins  a (30,116) p e r i o a i c  

convolut ional  interleaver/deinterleaver wnich  is i n t e g r a t e d  w i t h  

t h e  decoder t o  provide t h e  bes t  p o s s i b l e  synchronlza t lon  

s t r a t e g y .  The decoder d e t e c t s  absence of synchronization by t h e  

r a t e  a t  which path met r i c s  grow i n  t h e  decoding t r e l l i s .  The 

d e i n t e r l e a v e r  is a b l e  t o  provide node synchroniza t ion  t o  t h e  

decoder by using t h e  knowledge t h a t  s y m b ~ l s  from t h e  " top  t a p a  of 

t h e  i n t e r l e a v e r  o r i g i n a t e d  from code genera tor  G1.  Thus, when 

t h e  decoder d e t e c t s  l o s s  of sync, t h e  d e l n t e r l e a v e r  t akes  t n e  

a p p r o p r i a t e  c o r r e c t i v e  a c t i o n ,  and t h e  decoder ' s  i n t e r n a l  

synchroniza t ion  is bypassed w i t h  t h e  d e i n t e r l e a v e r  i n  t h e  da ta  

path. 



Figure 1.1  BER Perfonnance of Rate l!3 Metric Canpression 
Schemes Cmpared With Rate 1/2 and 1/3 Performance. 



Decoder performance is summarized t o  some degree i n  t h e  manual 

f o r  t h e  Hodified LV7017B manual included as an appenaix t o  t n i s  

repor t .  Pc r fo rmnce  i n  r a t e  1 /2  is t h e  same a s  t h a t  f o r  

LINXABIT9s s t andard  LV7017A o r  LV7017B. Rate 1 / 3  pertormance is 

degraded only  s l i g h t l y  by t h e  need t o  use a compressed metric due 

t o  t h e  l i m i t a t i o n s  of LINKABIT's LAH-40 chip. Thls  degradat ion  

has been shown by s imula t ion  ( s e e  Figure 1 - 1 1  t o  be l e s s  than  one 

t e n t h  of one dB. Tes t ing  of t h e  u n i t  by LINKABIT i n d i c a t e s  t h a t  

t h e  performance p red ic ted  by computer s imula t ion  is accura te .  In  

p a r t i c u l a r ,  an exhaust ive  overnight  t e s t  of t h e  r a t e  1 / 3  

performance a t  4.1 dB y i e l d s  an e r r o r  r a t e  of .00001091 which is 

wi th in  about -03 of one dB of t h e  performance f o r  t h e  

uncompressed met r i c  case. During t h i s  t e s t  over 200,000 e r r o r s  

were recorded, s o  t h e  confidence i n  t h e  accuracy of t h e  r e s u l t  is 

l i m i t e d  only by confidence i n  t h e  accuracy of t h e  TPG t o  produce 

e x a c t l y  a 4,ldB d i s t r i b u t i o n .  

The presence of i n t e r l e a v i n g  should have no e f f e c t  on t h e  

performance of t h e  decoder i n  t h e  presence of wideband a d d i t i v e  

Gaussian noise ,  and t h i s  a l s o  has been measured t o  be t h e  case. 



3. IMT8RLBAVIblG -- TBIORP OF OPERATION 

The classical model f o r  a (30,116) p e r i o d i c  convolut ional  

interleaver/deinterleaver is shown i n  Figure 3.1. A PN cover 

sequence which r e p e a t s  every 30 symbols is addeo t o  the incoming 

symbols, which a r e  then mult iplexed t o  t h e  delay elearenta. The 

purpose of t h e  PN sequence is t o  a i d  i n  synchronizat ion.  The 

.wipern mul t ip lexes  t h e  d a t a  between each of t h e  30 t a p s ,  w v i n g  

one t a p  each symbol time i n  a p e r i o a i c  fashion.  Each delay  

element provides a de lay  of four  symbol times. The 

demult iplexing wiper t r a c k s  t h e  mul t ip lexing wiper. 

When t h e  i n t e r l e a v e d  stream of symbols is t r a n s m i t t e d  over a 

channel,  it may be corrupted  by t h e  a d d i t i o n  of b u r s t s  of nolse.  

In t h e  absence of i n t e r l e a v i n g ,  these  b u r s t s  would have a 

c a t a s t r o p h i c  e f f e c t  on t h e  decoder, because t h e  decoder is 

designed t o  c o r r e c t  random e r r o r s ,  but. not  blocks of e r r o r s .  The 

process of d e i n t e r l e a v i n g  has t h e  e f f e c t  of randomizing b u r s t s  of 

e r r o r s  by re tu rn ing  t h e  channel symbols t o  t h e i r  o r i g i n a l  

p o s i t i o n s  r e l a t i v e  t o  each o ther .  Any two b i t s  i n  t h e  

i n t e r l e a v e d  d a t a  stream occurr ing  wi th in  an i n c l u s i v e  sequence of 

30 channel symbols w i l l  have a t  l e a s t  118 symbols between them i n  

t h e  de in te r l eaved  d a t a  stream. This  s e p a r a t i o n  of symbols is 

g r e a t e r  than t h e  memory of t h e  decoder; t c u s  b u r s t s  of less than 

30 symbols a r e  e f f e c t i v e l y  randomized by t h e  d e i n t e r l e a v i n q  

process.  I t  should be noted t h a t  t h e  two s o f t  d e c i s l o n  q u a l i t y  

b i t s  a s s o c i a t e d  with each symbol produced by t h e  moaem must a l s o  

be de in te r l eaved .  





4. DI#X)DBWDEIHTERLgAVER SYNCEROEII IATION STRATEGY 

Deinter leaving synchroniza t ion  is t h e  process by which it is 

determined i n  which p o s i t i o n  t h e  mul t ip lexing and demult iplexing 

wipers  should be placed f o r  proper opera t ion  of t h e  

d e i n t e r l e a v e r .  By inspect ion ,  it is apparent  t h a t  when t h e  

d e i n t e r l e a v e r  is i n  sync w i t h  t h e  i n t e r l e a v e r ,  each symbol 

encounters  t h e  same delay  (116*30=3480 b i t  times) i n  p a s s i t ~ g  

through t h e  combined interleaving/deinterleaving process ;  t h u s  

t h e  only e f f e c t  of using i n t e r l e a v i n g  is t o  in t roduce  a delay.  

When t h e  d e i n t e r l e a v e r  is out  of sync by, say,  one t a p  de lay  with 

respect  t o  t h e  i n t e r l e a v e r ,  t h e  r e s u l t i n g  symbol stream presented  

t o  t h e  decoder, viewed i n  groups of 30 consecutive symbols, 

c o n s i s t s  of 29 symbols a l l  with t h e  same delay  (120f30=3a00 

symbol times) and 1 symbol w i t h  no delay.  The decoder is a b l e  t o  

decode such a sequence, a l b e i t  with much degraded pertormance. 

Thus a  PN sequence is used t o  insure  t h a t  when t h e  d e i n t e r l e a v e r  

is not  i n  sync, t h e  da ta  presented t o  t h e  decoder does not  look 

l i k e  good data .  This  cover sequence is 30 b i t s  long; one b i t  f o r  

each t a p  of t h e  i n t e r l e a v e r .  The f i r s t  b i t  of t h e  sequence is 

exc lus ive  OR1ed w i t h  t h e  symbol coming out  of t h e  t o p  t a p  of t h e  

d e i n t e r l e a v e r ,  t h e  second t o  t h e  symbol from t h e  second t a p ,  and 

s o  on. Since t h i s  sequence is added t o  t h e  symbol stream i n  t h e  

same fashion a t  t h e  i n t e r l e a v e r  s i d e ,  t h e  PN sequence c a n c e l s  

i t s e l f  out  of t h e  symbol stream when t h e  unit is i n  sync, but  

when it is not  i n  sync, t h e  cover sequence makes t h e  symbol 

stream look l i k e  pure noise ,  which makes t h e  decoder s i g n a l  l o s s  

of sync. 

The sync s t r a t e g y  f o r  t h e  i n t e g r a t e d  decoder /de in te r l eavr r ,  



shown i n  t h e  s t a t e  diagram of F igu re  4.1, has been des igned  t o  

minimize bo th  t h e  time needed t o  a c q u i r e  sync (from e i t h e r  power 

up o r  an o p e r a t i n g  mode i n  which sync  is l o s t )  as well a8 t h e  

p r o b a b i l i t y  of changing sync  s t a t e  due t o  a f a l s e  d e t e c t i o n  of 

sync loss. Upon power up, t h e  d e i n t e r l e a v e r  e n t e r s  t h e  

CBANGE/WAITl s ta te  ir! which t h e  sync s t a t e  is movea one s t a t e  

acco rd ing  t o  the s p i r a l  s e a r c h  s t r a t e g y ,  i l l u s t r a t e d  i n  F igu re  

4.2. The s p i r a l  s e a r c h  is used because it is assumed t h a t  i f  

sync is l o s t ,  t h e  t r u e  sync s t a t e  is nea r  t o  t h e  s t a t e  c u r r e n t l y  

occupied by t h e  d e i n t e r l e a v e r ,  so  t h e  s t a t e s  f i r s t  t o  t h e  l e r t  

and t h e n  t o  t h e  r i g h t  a r e  checked one by one u n t i l  t h e  c o r r e c ~  

s t a t e  is found. After moving t h e  sync s t a t e ,  t h e  s t a t e  machine 

w a i t s  f o r  t h e  p e r i o d  of time r e q u i r e d  t o  f i l l  t h e  d e i n t e r l e a v ~ r  

RAM wi th  good da t a .  When t h i s  time has  e l apsed  ( a s  i n d i c a t e d  by 

t h e  occur rence  of OVRFLW1) t h e  s t a t e  machine e n t e r s  s t a t e  WAIT2, 

where it w a i t s  t o  dec ide  i f  t h e  s t a t e  chosen is c o r r e c ~ .  I f  a 

l o s s  of sync is d e t e c t e d  du r ing  t h i s  time, t h e  s ta te  machine 

r e t u r n s  t o  s ta te  WAIT1 and changes sync  s ta te  aga in .  

The s t a t e  machine d e c l a r e s  t h e  d e l n t e r l e a v e r  t o  be i n  sync i f  

t h e  time OVRFLW2 e l a p s e s  wi thout  t h e  occur rence  of a l o s s  of  sync  

s i g n a l .  I t  then  proceeds t o  t h e  INSYNC s t a t e ,  where it remains 

a s  long  a s  no f u r t h e r  l o s s  of sync is de t ec t ed .  Should a sync 

1086 be d e t e c t e d ,  t h e  machine e n t e r s  t h e  s t a t e  WAIT3, a s t a t e  

used t o  prevent  f a l s e  s t a r t u p  of t h e  sync s e a r c h ,  such a s  might 

occur i f  t h e  Eb/No dropped t o  a low va lue  f o r  soae  p e r i o a  of 

time. The decoder might d e c l a r e  l o s s  of sync due t o  t h e  r a p l d  

growth of its me t r i c8  when t h e  u n i t  is a c t u a l l y  i n  sync.  I f  t h i s  

event  occu r s ,  l o s s  of sync b i l l  be d e c l a r e d  only  s p o r a d i c a ~ l y ,  



for a SYNCLOSS signal. 
SYNCLOSS: A slgnal from the decoder 

indicating loss of sync, 





and t h e  OVlVLW3 coun te r  w i l l  t imeout  b e f o r e  t h e  nex t  lor8 of sync  

s i g n a l  i a  htected. When OVWLW3 timer o u t  t h e  u c h i n e  r e t u r n 8  

t o  t h e  INSYNC 8tate. 

I f  t h e  s tate  rvch ine  e n t e r e d  t h e  state WAIT3 due t o  an a c ~ u a l  

lor8 of aync, t h e  decoder w i l l  aga in  s i g n a l  loss of sync  b e r u r e  

OVRFtW3 times out .  The state machine than  m v e u  t o  t h e  

CEUNCWWAITl s ta te  and k g i n s  its s p i r a l  s ec rch .  

T h i s  synchrc~nf.:ation s t r a t e g y  is v e r y  r c b u s t  i n  many ways, I t  

minimixes t h e  l ~ k e l i h o o d  t h a t  t h e  d e ~ n t e r l e a v e r  f a l s e l y  beg ins  

sync s e a r c h  due t o  low Eb/No o p e r a t i o n ,  y ~ t  i f  a  r e a l  l o s s  of 

sync o c c u r s  it beg ins  s e a r c h i n g  f o r  t h e  c o r r e c t  s t a t e  i n  a t  most 

1000 b i t  times. I f  t h e  d e i n t e r l e a v e r  sync  s t a t e  is m v e u  

u n s u c c e r s f u l l y ,  it takes c n l y  about  4300 b i t  t ~ m s  t o  d e t e c c  t h i s  

and move t h e  sync s ta te  aga in ,  T h ~ s  is s i g n i f i c a n t  s i n c e  3600 

symbol times must e l a p s e  j u s t  t o  f i l l  t h e  d e l n t c r l e a v e r  RAM so 

t h a t  t h e  decoder is p re sen ted  w i t h  p rope r ly  d e i n t e r l e a v e a  d a t a ,  

Vi th  no overhead f o r  t h e  decoder t o  d e c i d e  t h a t  sync h a s  been 

I c a t ,  it would t a k e  30*3600=108000 symbol times t o  c y c l e  th rough 

a l l  30 sync  s t a t e s ,  j u s t  t o  have enough t i m e  t o  f i l l  t h e  

d e i n t e r l e a v e r  RAN w i t h  good d a t a  a t  each  s t a t e .  Thus, t h e  120000 

symbol t iarcs a c t u a l l y  r e q u i t e d  f o r  t h i s  p roces s  is only  about  101 

above t h e  a b s o l u t e  minimum time i which t h e  t a s k  cou ld  be 

performed. 



The perforranco of the deinterleaver sync a lqor i th r  h a  been 

mearured u8lng the Transit ion Probability Generator and a logic 

analyzer. I n i t i a l  aync time can be measured by loading the TPG 

w i t h  one s t a t e  tha t  produces an error  r a t e  of 30a and another 

tha t  c o ~ t a i n s  Gau88ian noise with an Gb/No of 4.4 dB. The TPG 

s t a r t s  out in the 508 noise s t a t e ,  and w i t h  some ma11 

probabili ty P mkes t h e  t r ans i t ion  t o  the 4.4 dB s t a t e ,  fron 

which no kransitfons a r e  allowed. The logic  analyrer can be used 

t o  v i m  when the TPG changes s t a t e  and when the deinterleavar 

acquires the correct  sync s t a t e ,  and measure the time b e t w e e n  

these events. 

I t  is a l so  a  straightforward mateer t o  estimate the time it 

should take t o  acquire i n i t i a l  sync. The dominant contributor t c  

the sync tine is the time it takes t o  f i l l  the de~nterleavctr  RAN 

-- 3600 symbol tiaes. In addition t o  t h i s  there  a r e  d t  most 500 

symbol times of overhead required for  the decoder t o  determine 

tha t  sync has not been acquired and for waiting i n  various 

s ta tes .  Thua, a  good estimate for the msximum time neeaea for 

each change of sync s t a t e  is about 4000 symbols. I n  r ea l l ty ,  

t h i s  number is aomewhat smaller because the decoder usually take& 

subr tant ia l ly  l e s s  than 500 b i t  times t o  detect the out of sync 

condition. f i  typical  Figure would be on the order of 150 t o  200 

aymbol times. I n  the worst case, where the deinterleaver doesn't 

acquire rync u n t i l  it t r i e r  the f i n a l  sync s t a t e ,  it w i l l  take 30 

r t a t e s  times 4000 symbols/state or 123,000 symbols t o  acquire 

rync. On the average, the deinterleaver w i l l  acquire i n i t i a l  

sync on the f i f t een th  r t a t r  attempted; t h u s  the average i n i c i a l  



sync time w i l l  be 60,000 b i t  times. This  number has been 

v e r i f i e d  using a l o g i c  analyzer  and t h e  method desc r ibed  above. 

Using a s i m i l a r  argument, it is obvious t h a t  t h e  time required  

t o  recover sync when a s i n g l e  b i t  s l i p  occurs  w i l l  be a mximum 

of about 5000 symbols o r  9000 synbois ,  depending on whether the 

d e i n t e r l e a v e r  sync c i r c u i t  happens t o  begin its sea rch  i n  t h e  

sane d i r e c t i o n  a s  t h e  b i t  s l i p  o r  i f  it looks t h e  wrong way 

f i r s t .  One thousand symbol times of t h i s  r e p r e s e n t s  t h e  time 

requi red  t o  g e t  from t h e  INSYKC s t a t e  t o  t h e  CEUNGE/WAITl s t a t e .  

Again, t h e  r e a l  f i g u r e  is genera l ly  much lower because t h e  accual  

time t o  d a t e c t  sync l o s s  i n  t h e  decoder is usua l ly  between 150 

and 200 b i t  times. Thus t h e  t y p i c a l  times f o r  recovery from a 

s i n g l e  b i t  s l i p  would tend t o  be c l o s e r  t o  4000 and 8000 symbol 

times. A swi tch  i n  t h e  TPG a l lows a b i t  s l i p  t o  be introduces t o  

t h e  symbol strean. s o  t h a t  t h i s  phenomenon may be observed, and 

t h e  measured r e s u l t s  a r e  a s  predic ted .  

The most c a t a s t r o p h i c  sync l o s s  occurs  when t h e  moaem s u f f e r s  

a 180 degree  phase reversa l .  This  causes  t h e  symbol stream t o  be 

inver ted .  Without interleaving, t h i s  would p resen t  only a small 

problem t o  t h e  decoder, which would make a s h o r t  b u r s t  of e r r o r s  

and then produce inver ted  da ta  a t  i ts  output .  (Or, it 

d i f f e r e n t i a l  coding is uaed, a f t e r  t h e  b u r s t  of e r r o r s  t r u e  sense 

d a t a  would again  be output .  Unfortunately,  t h e  d e l n t e r l e a v i n g  

process  mixes inver ted  symbols with non-inverted symbols and f o r  

a period of s e v e r a l  thousand b i t  times presen t s  t h e  decoder w l t h  

a sequence t h a t  has no resemblance t o  a code sequence. The 

decoder i n d i c a t e s  l o s s  of sync many times i n  success ion ,  causiltq 



t h e  d e i n t e r l e a v e r  t o  s tar t  its sync s e a r c h  d e s p i t e  t h e  f a c t  t b a t  

it is i n  t h e  c o r r e c t  sync s t a t e .  When t h i s  occurs ,  t h e  

d e i n t e r l e a v e r  must sea rch  a31 of its 30 s t a t e s  be to re  it r e t u r n s  

t o  t h e  c o r r e c t  s t a t e .  Thus, invers ion  of t h e  symbol s t r e m  

causes  a 108s of about 120,000 symbols before  sync is regained.  



6. m R U W C B  IN TEE PRESENCE OF PULSBD RFI 

1-1 s t u d i e s  [1,21 t h a t  LINMBIT performed on coding techniques  

f o r  TDRSS i n  t h e  presence of RFI t h a t  preceded t h i s  hardware 

d e v e l o p e n t  and i n  p r e s e n t a t i o n s  of t h i s  work a t  NASA GSFC, 

s e v e r a l  o p t i o n s  f o r  improving system pertormance were presented. 

I n  a d d i t i o n  t o  rate 1/3, r a t h e r  than r a t e  1 /2 ,  coding and t h e  

a d d i t i o n  of interleaving/deinterleavir.g, t ransponder improvements 

such a s  limiter l e v e l  s e t t i n g  and RFI d e t e c t i o n  and blanking a t  

t h e  rece ive r  were descr ibed,  One of t h e  main reasons  f o r  

sugges t ing  t h e  l a t t e r  two improvements was t o  i n s u r e  t h a t  w i t h  

sof t -decis ion  decoding, a low confidence l e v e l  (small q u a l i t y )  is 

ass igned t o  t h e  symbols received i n  t h e  presence of RFI. If a 

smal l  q u a l i t y  is not  ass igned t o  t h e  RFI symbols, a s i g n i f i c a n t  

performance degradat ion  w i l l  occur ,  In  f a c t ,  i n  such a s i t u a t i o n  

hard d e c i s i o n  drcoding may be p r e f e r a b l e  t o  avoid  g iv ing  t h e  

symbols w i t h  RFI an advantage over symbols not  corrupted  w i t h  

RFI . 
Since t h e  synchroniza t ion  s t r a t e g y  f o r  t h e  dezn te r l eaver  and 

decode? is based on t h e  r a t e  of growth of t h e  V i t e r b i  decoder 

path met r i c s ,  not  a s s ign ing  a small  q u a l i t y  t o  t h e  symbols w i t h  

RFI w i l l  also degrade synchroniza t ion  performance. In  t h e  

V i t e r b i  decoder implementation used here,  t h e  symbol metr ic  

assignment of Table 6-1 is used. With t h i s  me t r i c  assignment,  

small met r i c s  a r e  considered good i n  t h e  metr ic  comparisons 

and on a very c l e a n  channel ( l a r g e  Eb/No, no RFI) t h e  correc,. 

path would have a path metr ic  of zero. The decoder t e s t s  fo r  

synchroniza t ion  by observing t h e  r a t e  of growtn of t h e  pa th  
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( 1 )  Compressed m e t r i c s  a r e  u s e d  and s m a l l  m e t r i c s  a r e  c o n s i d e r e d  qood. a c;_ 
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TABLE 6-1:  V i t e r b i  Decoder Metr ic  Ass ignments  



metric8 and i f  over some per iod  of time t h i s  growtn i n  g r e a t e r  

than some th resho ld  value,  an out-of -sync i n d i c a t i o n  is provided. 

I n  the decoder of t h i s  developaent,  this synchroniza t ion  

th resho ld  was set s o  t h a t  i n  t h e  rate 1 /2  moae with a d d i t i v e  

whi te  Gaumrrian no i se  (AWGN) and Eb/No= 4.4 dB, t!te p r o b a b i l i t y  of 

d e t e c t i n g  an ou t  -of -sync cond i t ion  after 500 channel synbols  is 

.95. With this th resho ld  s e t t i n g  -!GN induced l o s s  of 

synchroniza t ions  cause no s i g n i f i c a n t  performance degradat ion  f o r  

decoder output  b i t  e r r o r  r a t e s  of less than 10-l. 

When RFI is presen t  and t h e  syrr tols  a r e  received with t h e  

h ighes t  q u a l i t y ,  t h e  path aetrics a r e  increased by 4 (see Table 

6-11 whenever t h e  p o l a r i t y  of t h e  V i t e r b i  decoder hypothesized 

path and t h e  rece ived symbol d isagree .  Thus when such syabo l r  

a r e  received t h e  path metric i n c r e a s e s  a t  t h e  same r a t e  a s  f o r  

t h e  AWGN out-of-sync channel w i t h  a l a r g e  Eb/No. This  inc rease  

i n  path met r i c  growth r a t e  i n c r e a s e s  t h e  p r o b a b i l i t y  t h a t  an out- 

of-sync i n d i c a t i o n  w i l l  incorrectly be announced. The 

synchroniza t ion  performance can be ad jus ted  by changing t h e  

s e n s i t i v i t y  of t h e  decoder t o  t h e  r a t e  of me t r i c  growtn. 

However, even a f t e r  synchroniza t ion ,  t h e  performance w i l l  be 

severe ly  degraded i f  symbols rece ived i n  RFI a r e  ass igned a high 

q u a l i t y .  Also it is important t o  remember t h a t  inc reas ing  t h e  

sync time of t h e  decoder w i l l  impact t h e  sync time of t h e  

combined decoder and d e i n t e r l e a v e r  i n  such a way t h a t  an inc rease  

of 500 symbol times i n  t h e  time needed f o r  decoder sync 

a c q u i s i t i o n  a lone  w i l l  r e s u l t  i n  a worst case  inc rease  of 30 

times 500 or  60,000 symbol times i n  t h e  t i m e  needed f o r  

d e i n t e r l e a v e r  synchronizat ion.  The worst case  d e i n t e r l e a v e r  sync 



a c q u i s i t i o n  time f o r  a s i n g l e  b i t  s l i p  w i l l  go up by 500 o r  1000 

symbol times, depending on t h e  d i r e c t i o n  of t h e  s l i p .  

Rather than a d j u s t i n g  t h e  synchroniza t ion  parameters t o  t r y  t o  

accomodate RFI symbols w i t h  high q u a l i t i e s ,  a b e t t e r  approach is 

t o  not  a s s i g n  high q u a l i t i e s  t o  t h e s e  symbols. For exampls, t h e  

RFI would be de tec ted  and these  symbols ass igned low q u a l i t i e s  

(i.e., b lanking) .  Refer r ing  t o  t h e  met r i c  assignments of Table 

6-1 t h a t  were used i n  t h i s  implementation, t h e  RFI symbols would 

be ass igned t o  one of t h e  two c e n t e r  i n t e r v a l s  w i t h  me t r i c s  of 

ze ro  f o r  e i t h e r  hypothesis ,  Then these symbols would no t  

c o n t r i b u t e  t o  a path m e t r i c  increase .  In  a d d i t i o i ~ ,  with 

blanking, performance would be much b e t t e r  than when t h e  symbols 

with RFI a r e  ass igned a high q u a l i t y .  

The i n t e g r a t e d  inter leaver-decoder and its a s s o c i a t e d  

s imula t ion  test  system developed under t h i s  c o n t r a c t  is a very 

f l e x i b l e  v e h i c l e  f o r  a s s e s s i n g  t h e  e t f e c t s  of m i t i g a t i n g  

techniques  f o r  channels  d i s t r i b u t e d  by s i g n i f i c a n t  RFI phenomena. 

As channel models a r e  b e t t e r  understood and re t ined ,  t h i s  system 

w i l l  r ap id ly  and r e l i a b l y  a s s e s s  b i t  e r r o r  r a t e  pertormance of 

t h e  l i n k  under cons idera t ion .  

The Acceptance T e s t  Procedure and T e s t  Resu l t s  a r e  included i n  

an  appendix to  t h i s  r e p o r t .  
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Section 1 

About This llanual 

This is an in-house manual describing the FLERT 11 theory and 

operation. Out-of-house users should regard tbis ranual as a 

ref trence only. 



Section 2 

Theory of Operat i  on 

The Fast  L I U I T  Brror Rate :ester (PLERT) is a device used 

i n  the t e s t i n g  of d i g i t a l  communication systems. Tbe FLERT 

generates  pseudo-random da ta  t o  be t ransmit ted  by t h e  system and 

then compares t h e  received da ta  t o  t h a t  t ransmit ted  t o  determine 

the aystam b i t  e r r o r  rate, The FLERT is capable of opera t ing  

from 1 bps t o  70 nbps. 

The FLBRT generates  da ta  w i t h  a pseudo noise (PN) generator .  

This  r a s t e r  generator c o n s i s t s  of a 16-bit  s h i f t  r e g i s t e r  and a 

p a r i t y  checker which computes the  p a r i t y  of se lec ted  b i t s  i n  t h e  

s h i f t  r e g i s t e r .  The r e s u l t  of t h i s  computathn is then fed back 

t o  t h e  input  of t h e  s h i f t  ~ e g i s t e r  {see Figure 2.;). 

By s e l e c t i n g  appropr ia te  combinations of s h i f t  r e g i s t e r  b i t s  

with which t o  compute p a r i t y ,  many d i f f e r e n t  sequences m y  be 

produced. The FLERT can produce mxiiaal length  PN sequences of 

length  2"-1 fo r  n = 4,8,11,15 and 16. It  can a l s o  produce an a l l  

zero sequence and can i n v e r t  any of these  sequences p r io r  t o  

transmission. 

Brror r a t e  computation is accomplished by comparing t h e  

received d a t a  t o  a PN sequence which is computed using t h e  same 

b i t s  of t h e  s h i f t  r e g i s t e r  fo r  computing w r i t y  a s  were used i n  

generat ing t h e  t ransmit ted  da ta  ( see  Figure 2.2) .  T h i s  aecoad PN 

generator muat be .slaved* t o  t h e  received 3ata  by means of 

syxichronization c i r c u i t r y .  I f  the  e r ro r  r a t e  exceeds 2% for  a 



Figure 2.1. Master P/N Generator 
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Figure 2 . 2 .  Slave P/N Genera tor 



period of time, aync lo88 is aasumed and the slave PN generator 

i r  rerynchtonixed by uring the received data, rather th.n the 

computed parity,  a s  input t o  the s h i f t  regi8ter. When the r h i f t  

regis ter  i r  f i l l e d  w i t h  data b i t s ,  the output of the par i ty  

chcker  once again becomes the input t o  the ah i f t  register. If 

no error8 occurred during rerynchronixation, the output of Me 

pari ty  checker w i l l  a g r ~  wi th  the received data except where 

er  to r s  occur. 

Loas of aynchronixation it detected by a two stage up/&vn 

counter which counts up one for each error and dovn for each four 

b i t  times. The counter is not allowed t o  count down through 

zero, and the t ransi t ion from a l l  ones up t o  a l l  reror is used t o  

indicate loss  of synchroniration. One of two 'rate integratioh 

thr*aboldsm can be used. The low threshold cauaes 

re8ynchroniration whenever the lower stage of the up/down counter 

counts up t o  a11 zeror regardless of the s t a tus  of the u2p.r 

stage. The high threshold causes reaynchronitation only when the 

u p p r  stage count8 up t o  a l l  xeros. 

The CLERT contains many other features besides t h e  baric 

~ster/r lave/rynchronizat ion circui t ry.  I n  the Ms te r ,  a counter 

detects the beginning of the PN requence md produces a pulse 

called tbe scope aync which is available a t  the PLERT front 

panel. T h i s  signal is useful a a tr igger for viewing data 

dependent phenaena on m oac il lorcope. 

The same counter also is used t o  s t a r t  up the sequence. 

Sbould the n a t e s  PN generator f a l l  into an a l l  xero s t a t e ,  a one 



is fed  i n t o  the s h i f t  r e g i s t e r  input t o  s t a r t  up t h e  sequence. 

If it is des i red ,  one b i t  i n  a thousand out  of the m s t e r  may be 

inverted p r io r  t o  output.  T h i s  causes an e r r o r  r a t e  of l o g 3  t o  

appr r r  a t  t h e  s lave.  

Synchronization m y  be performed manually ina te rd  of 

automatical ly i f  desired.  I n  manual sync mode t h e  s t a t u s  of t h e  

r a t e  i n t e g r a t i o n  counters  is ignored except t o  darken t h e  SYNC 

led when sync 1088 is detected. 

Errors and b i t s  a r e  both counted and displayed by a X80 

r ic roprocessor  which a l s o  computes and d i sp lays  t h e  system b i t  

e r r o r  ra te .  The 280 a l s o  con t ro l s  a l l  f r o n t  prnel  and remote 

con t ro l  functions. 

A SYNTEST frequency synthes izer  i n  t h e  PLERT provides t h e  user 

w i t h  a clock w i t h  programmable frequency from 1 Hz t o  15.99 l4Ex.  



Section 3  

I n t e r f a c e s  

Tb. ?LBRT bar t h r e e  types of i n t e r f a c e s  - s i n g l e  ended TTL, 

d i f f e r e n t i a l  TFL and d i f f e r e n t i a l  ECI,. The s i n g l e  ended TTL 

s i g n a l s  a r e  terminated with 200 ohms t o  ground. The d i f f e r e n t i a l  

TTL inputs  and outputs  a r e  type RS-422 (An26LS31, An26LS32 or 

equivalent)  with 100 Q t e ra ina t ion .  The d i f f e r e n t i a l  ECL s i g n a l s  

a r e  t y p i c a l  101 6CL d r i v e r s  and rece ive r s  with l O O n  t a r r i m t i o n .  

D i f f e r e n t i a l  E L  clock inputs  a r e  AC-coupled t o  allow use of a  

s i n g l e  ended clock source (such a s  a  PTS-160) a s  wel l  a s  

d i f  f e r e n t i a l  ECL sources. The AC-coupling makes t h e  ECL 

i n t e r f a c e  unsui table  f o r  frequencies below 500 KHz. 

The I / O  c o n s i s t s  of t h e  following s igna l s :  

MASTER C L K  I N  I Clock f o r  master PN generator .  
I n t e r n a l  c i r c u i t r y  s e l e c t s  
a c t i v e  edge and d iv ides  by 
1 , 2  or 3. 

UK OUT 0 Data r a t e  clock output.  

SCOPE SYNC 

0 M a t e s  PN data  output. Data 
changes wi th in  i 20 ns of 
t h e  r i s i n g  edge of CLK OUT 
f o r  TTL outputs  and within 
f 5 ns of the  r i s i n g  edge of 
CLA OPT fo r  ECL. 

S ingle  ended SCL s i g n a l  goes 
f o r  one b i t  time a t  t h e  end of 
t h e  longes t  s t r i n g  of zeros i n  
t h e  s e l e c t e d  PN requance. 



SsQU8ltCB RESTART I 
INPUT SYNC 

MTA III 

ERROR OQT 

GATED ERROR OUT 

LtRROR GATE IN 

RS-232 

GPIB 

Active high signal placer a 
one in the l e f t  most b i t  of 
the master s h i f t  regiater and 
zeros the others. Nuat be 
synchronous with CLR OUT. 
Not active i f  no connection 
i a  mde. 

Same aa above, b u t  asyn- 
chronous. 

Data r a t e  slave input clock. . 
Active edge is user select-  
able. 

Data signal from unit under 
tes t .  Must be acconpanicd 
by a SLAVE CLK IN. 

Active low s igna l  goes low 
for one b i t  ti- whenever 
a b i t  error is &tected. 

Active high signal goes 
high for one-half b i t  time 
whenever an error occurs and 
the gate is on (both gate 
button & error gate act ive) .  

Active low s i g n a l  enables 
GATED ERROR OUT, auto syn- 
chronization c i r cu i t ,  b i t  
and error counters when 
active. Signal is active i f  
no connection is made. 

Internal clock output 1 Hz 
t o  15.99 Miz aa selected by 
user. 

RS-232 interface for remote 
control. 

GPIB (IEEE-480) interface 
for remote control. 



Saction 4 

Ctont Panel Control  

PATTERN INV 

ERROR ADD 

SLAVE CLOCK + - 

SLAVE MTO 
lURUAL 

When button is lit the 
p a t t e r n  indica ted  has been 
s e l e c t e d  by t h e  E'LBRT f o r  
both master and s l ave  PN 
generators .  

When button is lit t h e  da ta  
output by t h e  PLBRT is 
inverted.  

L i t  but ton i n d i c a t e s  t h e  
a c t i v e  edge of t h e  input  
clock, 

L i t  but ton i n d i c a t e s  da ta  r a t e  
r e l a t i v e  t o  input  clock 
ra te .  

When lit, one e r r o r  is 
introduced t o  t h e  output 
da ta  sequence each 1000 
b i t s .  

L i t  button i n d i c a t e s  a c t i v e  
edge of t h e  input  clock. 

Se lec t  au t  OM ti c or manual 
synchronizat ion of t h e  
s l a v e  PN generator  a s  
indica ted  by LED. 



SLAVE SYNC 

SLAVE INV SYNC 

SLAVE GATE 

SLAVE RESET 

TTL 

ECL 

m T E  

I n  AUTO mode, pushing but ton  
has no e f f e c t  . i n  M U  
mode, puahing t h e  but ton  
causes resynchronizat ion t o  
be attempted. When t h e  
SYNC LED is lit, the s l a v e  
PN generator  is i n  SYNC. 
See SLAVE I W  SYNC. 

In  AUTO mode pushing button 
has no ef f t c t  but LED 
i n d i c a t e s  whether input da ta  
is inver ted  or not  (on = 
inver ted  da ta ) .  In  MNUAL 
mode, when on, t h e  s l a v e  w i l l  
at tempt t o  synchronize with 
inver ted  da ta  when SLAVE SYNC 
is pushed. I f  in  sync, t h e  
IEV SYNC LED i n d i c a t e s  whether 
da ta  is inver ted  or not  as i n  
A m .  

When on enables sync de tec t ion  
c i r c u i t r y ,  b i t  counter,  e r r o r  
counter and gated e r r o r  out 
s ignal .  

When depressed t h e  e r r o r  and 
b i t  counts a r e  set t o  zero. 

When lit selects TTL or 
d i f f e r e n t i a l  TTL i n t e r f a c e  
a s  determined by rea r  panel 
switch TTLIDIFF. 

Selec t s  d i f f e r e n t i a l  ECL 
i n t e r f a c e  when lit. 

When lit i n d i c a t e s  FLERT is i n  
remote con t ro l  mode and a l l  
o ther  f r o n t  panel funcions 
a r e  disabled.  Depressing t h e  
but ton w i l l  r e tu rn  FLERT t o  
l o c a l .  The FLERT cannot be 
put i n  renote mode v i a  t h e  
f r o n t  panel. 



ERROR COUm 

ERROR RATE 

BIT COUNT 

PREO 

When lit d i sp lay  shows c u r r e n t  
er t o r  count. 

When lit d i sp lay  shows c u r r e n t  
e r r o r  ra te .  

'When lit d i sp lay  shows c u r r e n t  
b i t  count. 

When lit d i sp lay  shows c u r r e n t  
output  frequency of i n t e r n a l  
synthes izer .  The frequency 
m y  be changed by depressing 
t h e  3 but tons  d i r e c t l y  below 
t h e  a l p h a n u r ~ r i c  display.  

When lit, depressing any of 
the but tons  b e l w  t h e  alpha- 
numeric d i sp lay  w i l l  decrement 
t h e  two d i g i t s  d i r e c t l y  above 
them i f  OREQ is a l s o  lit. 



Section 5 

Systam Descript ion 

FLERT 11 is constructed i n s i d e  LINKABITts universa l  char: :s 

and has f i v e  i n t e r n a l  modules: 

1. Power Supplies  - Provide +5V (TTL), -5.2V (ECL) and 
+24V (Syntest)  . Additional vol tages  a r e  generated as 
necessary by on-board regu la to r s  from t h e  -in 
supp l i e s  . 

2. Slave Board - ( t o p  board) Exclusively ECL c i r c u i t r y  
f o r  the s l ave  generatox, sync c i r c u i t r y  and e r r o r  
de tec t .  

3. Haster Board - This board is a combination ECL and TTL 
c i r c u i t r y .  Sesides providing t h e  master funct ions  of 
clocking and p a t t e r n  generat ion,  t h i s  board has a l l  
t h e  buf fe r s  and t r ance ive r s  fo r  i t s e l f  a s  w e l l  a s  t h e  
s l a v e  board f o r  i n t e r f a c i n g  t o  t h e  processor board and 
t o  t h e  outs ide  world. 

4. Processor Board - This board conta ins  t h e  processor 
memory, SIO and GPIB i n t e r f a c e  c r r c u i t r y ,  f r o n t  panel 
c o n t r o l s  and b i t  and e r r o r  counters.  

5. Syntest  Board - (bottom board) Provides output 
frequency from 1 Hz t o  15.99 M z ,  programmable from 
the L ~ o n t  panel. Addit ional ly,  some i n t e r f a c e  d r i v e r s  
and rece ive r s  a r e  loca ted  on t h a t  board. 

Hcoking up t h e  PLERT i n  a system is a s t r a i g h t  forward task  

and is i l l u s t r a t e d  i n  Figure 5.1. Clock source t o  d r ive  t h e  

r a s t e r  and/or t h e  da ta  source may be derived from an e x t e r n a l  

source or from t h e  FLERT i n t e r n a l  synthesizer .  The des i red  

p a t t e r n  may be se lec ted  from t h e  f r o n t  panel. 



On the slave s i d e ,  clock edge and sync mode may be s l e c t e d  as  

derired. To s t a r t  or s top b i t  and error count, use the  gate  

button. To c l ear  the counters, use the reset button. 

Various opesating modes may be se l ec ted  from the two dip  

sv i t ches  located on the processor board. These are described i n  

Section 6 .  
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Section 6 

Dip Switches 

1 

Two eiyht -pos i t ion  d i p  switches a r e  lcrcatcd on t h e  f r o n t  of 

t h e  processor h a r d  f o r  s e l e c t i o n  of FLERT opera t ing  parameters 

i n  add i t ion  t o  t h e  f r o n t  panel. These switches a r e  acces ib le  by 

hinglng open the  f r o n t  panel. The switch s e t t i n g  may be changed 

without turn ing power off  or  haying t o  unplug t h e  processor 

board. 

The switch funct ions  a r e  d e t a i l e d  below. 

SWITCH U P  

SWITCH DOWN DISABLE 

BORKAL MODE UP UP UP DN UP UP UP UP 

GPIB Dip Switch ( l e f t  switch) 

-------I --' --r------ 

SWITCH DVflJ 

d0RMA.L MODE UP UP DN UP X X X X 

SIO D i p  Switch ( r i g h t  switch) 

A4-A0 : Tbese switches determine the  device adtiress for  
FLERT i n  the  GPIB mode. 



GPIB/ SIO : This switch s e l e c t s  remote con t ro l  rode from Sf0 
(IS-232 Serial-I/O or from GPIB. 

PAS!C/SLW: This switch selects an opera t ing  rode f o r  t h e  b i t  
and e r r o r  counters,  In t h e  miatst' mode reading 
of b i t  and e r r o r  counter by the processor is 
inh ib i t ed  when a ca rq  is r ippled  through t h e  
counters,  This  is  done t o  avoid a f a l s e  reading 
during mul t ip le  t r a n s i t i o n s  of t h e  counters '  
output s In  the mslwm rode reading is 
continuously enabled, 

PROMT PAHEL m L E :  
This switch allows d i sab l ing  c o n t r o l s  from t h e  
f r o n t  panel. The only opera t ions  allowed i n  t h i s  
rode a r e  looking a t  frequency, b i t  count, e r r o r  
count and e r r o r  r a t e ,  This  funct ion  has been 
i n s t a l l e d  so  t h a t  nobody w i l l  i n t e r f e r e  with your 
long running test during your absence from the 
lab ,  

SPD3-SPDO : These switches select t h e  baud r a t e  f o r  t h e  RS- 
232 remote cont ro l  and a r e  d e t a i l e d  i n  t h a t  
sect ion.  

s?mcRu N/ SYNCBOLD : 
I n  t h e  normal SYNCRUN pos i t ion  t h e  s l ave  sync is 
i n  normal rode. Put t ing  t h e  swi t ch  i n  t h e  
SYISCHCIL.') mode has a meaning only when t h e  f r o n t  
panel con t ro l  is i n  manual mode. When t h i s  is 
t h e  case, a s i n g l e  l o s s  of sync w i l l  cause t h e  
Sync LED t o  remain i n  t h e  of f  pos i t ion  
indef in i t e ly .  This is a very useful  f e a t u r e  i f  
you want t o  de tec t  a sync l o s s  i n  a system during 
your absence. An exanple is a system such a s  a 
decoder or nodem which looses sync due t o  ' b i t  
s l ipm.,  In  manual mode t h i s  w i l l  cause t h e  Sync 
LED t o  go off  and no resyncing w i l l  be attempted 
but a f u r t h e r  .bit  s l i p w  may cause PLERT t o  sync 
again and you w i l l  have missed t h e  l o s s  of sync 
event . 



For soma a p p l i c a t i o n s  it is d e s i r a b l e  t o  d iv ide  
t h e  master clock by 4 r a t h e r  than by 2. T h i s  is 
dona by pushing t h e  usual divide-by-3 f r o n t  panel 
buttont but pu t t ing  t h i s  switch i n  the R4 
posi t ion.  

RIFoO/RITBI: Selects a high or  low r a t e  i n t e g r a t i o n  threshold  
f o r  rerynchronirat ion.  A: a high RIT longer 
b u r s t s  of e r r o r s  a r e  required t o  cause 
resynchronization. As an e x u p l e ,  i n  t h e  low RIT 
a burs t  of 26 consecutive e r r o r s  is t h e  s h o r t e s t  
burs t  t h a t  w i l l  cause resync. In  t h e  high RITI a 
burs t  of 344 consecutive e r r o r s  is t h e  s h o r t e s t  
b u r r t  t h a t  w i l l  cause resync. 

This s w i t c h  has a f f e c t  when TTL i n t e r f a c e  is 
.selected from t h e  f r o n t  panel. In  t h e  TTL 
pos i t ion  r tandard 'Fn i n t e r f a c e  is s e l e c t e d  from 
the f r o n t  panel BNC8s. I n  t h e  DIPP p o s i t i o n  RS- 
422 d i f f e r e n t i a l  TTL i n t e f f a c e  nut be used from 
tbe  rea r  panel. 



Section 7 

Rarote Control 

m o t e  control can k ~ a d e  through ei ther  RS-232 interface or 

from a CPIB controller (but  not both a t  t h e  8888 time). FLsRT is . 

put into r a o t e  mode automatically from the remote control 

terminal. I n  order t o  return CLBRT t o  local We, tbe remote 

button must be pushed on the front panel, otherwise a l l  front 

panel c o m n d s  a re  ignored. 

The l e f t  dip switch on the procersor board must be uaed t o  

select  GPXB/Serial I /O operation and the GPIB address. The right 

d ip  switch on the processor board is used t o  select the SIO 

speed. Figurt 7.1 b l o w  describes these setrings. The switch 

set t ings may be changed on-line tut not while typing in  coc.l;tnds 

or receiving data remotely. 

SIO Dip Svitch L-1 SPD3 1 SPD2 f SPDl 1 SPDO 1 ------ ------- ------- ------d 

not allowed 

Figura 7.1. S t 0  Speed 



Wner a l l y  a one-to-one cot  respondence e x i t s  batween t h e  f r o n t  

panel co-& and t h e  renote commands. The t a b l e  below 

d e r c r i k u  b r i a f l y  each command. n u l t i p l e  commanfls can b. entered 

on a s i n g l e  l i n e ,  u r n r a t e d  by any number of spaces or  commas. 

Corrrnd lines a r e  eracuted by sending c a r r i a g e  r e t u r n  or l i n e  

feed. In t h e  RS-232 .ode charac ters  a r e  echoed t o  t h e  screen and 

da ta  or messages 8ent  back automatical ly.  In t h e  GPIB mode no 

n r u g e r  a r e  s e n t  and da ta  must be read-in e x p l i c i t l y .  Ei ther  

l w e r  case or upper case charac te r s  may be used interchangeably. 

PI 
pa 
P11 
P1S 
P16 
P t  
PINV 
PWRn 
M=+ 
nc- 
HD1 
m2 
m3 
ERON 
BROP 

Data pa t t e rn  4 
Data pa t t e rn  8 
Data pa t t e rn  11 
Data pa t t e rn  1s 
Data pa t t e rn  16 
A l l  zero p a t t e r n  
Inver t  pa t t e rn  
Normal pa t t e rn  
Clock poa i t ive  edge 
C l o c k  negative edge. 
C l o c k  d iv ide  by 1 
Clock d iv ide  by 2 
C l o c k  d iv ide  by 3 
Arror add on 
Error add off  

smm 
CrON 
GTO? 
RST 

Clock negative edge 
Clock p o s i t i v e  edge 
Auto sync 
Manual sync 
Resync, v a l i d  only i n  manual mode 
Sync t o  inver ted  & t a r  v a l i d  only i n  manual 
mode. 
Sync t o  normal da ta ,  v a l i d  only in  manual mode 
Gate on 
Gate o f f  
Reset counters  



PREQ 
BTCT 
ERCT 
kRRT 

Display frequency 
Display b i t  count 
Display e r  t o r  count 
Display e r r o r  r a t e  

SETP All d i g i t s  must be entered 
including a decimal po in t  

Read frequency 
Read b i t  count 
Read e r r o r  count 
Read e r r o r  r a t e  

Read s t a t u s  ASCII. Data returned is i d e n t i c a l  
t o  t h e  command language ant3 descr ibes  t h e  
complete s t a t e  of t h e  f r o n t  panel but tons  
and LEDs. 
Read s t a t u s  binary. Data returned is a b i t  
map of t h e  f r o n t  panel s t a t e  according t o  t h e  
following diagram. 

Figure 7.2. ASCII  S t a t u s  Bytes 



BCL ECL i n t e r f a c e  
TTL Pn i n t e r f a c e  

ItOtT Return8 FLERT t o  he fo l lowing  power-up state: 

P16 
PWRn 
uc+ 
nD1 
EROF 
SC+ 
A m  
G m F  
Tn, 
1.000 KHz frequency 
BTCT 
RST 

<DEL> Deletes t h e  c u r r e n t  c h a r a c t e r  (only i n  SIO) 
<ESC> Aborts t h e  c u r r e n t  comaand line or output  

streaa (only i n  SIO) 

Programming exanples:  

SIO: ECL,GTON, Pa, RST,BTCT <CR><LF> 
S R 4  1,234 <CR><LF> 
RFRCQ RBTCT RERCT RERRT RSA <CR><LF> 

1 

GPIB: w r t  715,mBCL,GK)N,P8,RST~BTCTn <EXECUTE> 
w r t  71S,mSETP 1.234 H E t n  <EXLCUTE> 
w r t  715,  'RIREQ RB%T RBRCT R6R#r RSAm <EXECUTE> 
dim AS~1001,B$;1001,CS[100l,D$~1OOl,ES~1OOI <EXECUTE> 
red  71S,AS,BS,CS*D$,SSI <EXECUTE> 

Proqruming  h i n t  : 

T& RSA command r e t u r n s  an 11 (e leven)  word s t r i n g ,  each word 
of which is 7 c h a r a c t e r s  long  with  a t  leas t  two spaces  f o r  t h e  
las t  cha rac t e r s .  The fo l lowing  l i n e s  m y  be added ( fo l lowing)  
t h e  comaand8 above) t o  s t a r t  each  word a t  a new l i n e .  



1 -> I 
.loop9: prt  EStI,I+61 
I+7 -> I 
if I<78 go to .loop9 
end 
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ATP 21370 

1. INTRODUCT ION 

The purpose of this procedure is to describe the tests to be per- 
formed at LINKABIk 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 DOCURENTS 

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: 

RF'P # 5-41 50 8/ 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 . TZST REQUIREMENTS ' 

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 LIhXABIT 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 aljo 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 RPP $5-41508/187. 
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3.1.1 . . ,%t-. The unit under test is an inte- 
grated ~ o d i n g / s y m b o l  interleaving and integrated 
s-01 deinterleaving/Viterbi decoding simulation system t,o be 
used to validate the analytically predicted performance of the 
TDRSS S-band return link with BPSK modulation in a pulsed RPI 
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. 

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 deinterlcaver/decoder operation will be tested by 
means of a bit error rate test. The third type of test will test 
synchronization time. Synchronizction 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. 

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

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

~ l l  data taken during in-plant testing is to be properly 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. R e s u l t s  of t e s t s  

b- 81 te of tes  
C. g n a t u r e  o 2 Tes t  Engineer and Witness 
d. T e s t  c o n d i t i o n s  as requ i red  
e. L i s t  of T e s t  Equipment (Mf r. , Model, Ser . Nos. , and 

c a l i b r a t i o n  due d a t e ) .  

4. TEST EQUIPMENT 

The fo l lowing t e s t  equipment is required:  

HP1610A Logic Analyzer 
ATP Data C a s s e t t e s  #I and #2  
LV7017 extender  ca rd  
LV7017 c a b l e s  
BNC cab les .  

Connect t h e  test equipment as shown i n  f i g u r e  1. 

Power up a l l  devices .  . . 

4-3 -1 S e t u .  Refer t o  PLERT manual for  opera t ing  i n s t r u c -  
t i o n s .  

a ,  CONTROL TTL 
b, MONITOR FREQUENCY = 6 MHz 
C. MASTER CLOCK+, $2, ALL ZEROES, ERROR-ADD OFF 
d. SLAVE CLOCK-, AUTO 

a. Insert progrzm c a s s e t t e  
b. Load s p e c i a l  func t ion  keys ( l d k  1, execute). Depress 

"RESET" (f5) 
c. Load LOADTEST program ( s / f  key f 8 i  
a* Insert ATP d a t a  c a s s e t t e  #l. 

4.3.3 -. The BYPASS, BITSLIP, and INVERT swi tches  
should be i n  mnormalw p o s i t i o n .  

4.3.4 JV7017 Scm. Place  t h e  LV7017 i n  s e r i a l  mode, on l i n e  
with t h e  i n t e r l e a v e r  o u t ,  S e t  t h e  d ipswi tches  as follows: ' 
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ON 
ON 
ON 
OFF 
ON 
ON 
ON 
OFF 

(encoder generators not reversed) 
(differential encoding off) 
(encoser alternate symbols not inverted) 
(decoder alternate symbols not inverted) 
(differential decoding off) 
(rate 1/21 
(shorter path memory) 
(decoder generators not reversed) 

NOTE 

'ON' means OLeside is depressed. 
'OFF' means OFF-side is depressed. 

4.3.5 Cable. Cab;, connections are via ';WINAX BNCs; 
FLERT connections to rear panel differential connectors. 

a. Connect FLERT INT CLK to LV7017 ENC 2a RCLK. IN 
b. Connect LV7017 ENC 2R CLK. to PLERT MASTER CLK IN 
c. Connect F L E W  DATA O'JT to LV7017 ENC DATA IN 
d. Connect FLERT SLAVE CLK IN to LV7017 DEC R CLK 
e. Connect FLERT DATA IN to LW017 DEC DATA OUT. 

5. TEST PROCEDURE 

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. 

a. Set up as in 4.3.1. 
b. LV7017. Set up as in 4.3.4. 
c. . Set up as in 4.3.3. 
d. -. Set up as Pollows: 

1. Format specification: 

CLOCK: 

LABEL -POD 4- PODS 3,2,1 
ASSIGNMENT : SBBBBAAA XXXXXXXX 

A B 
POLARITY : [ + I  [ + I  

NUM. RASZ: [BIN] [BIN] 



ANALYZER E l  
Figure 1. T e s t  Setup 
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2 .  TRACE specif icat ion:  

[ START1 TRACE XXX X M X X  

TRACE IONLYI XXX XXXXX 02000 

coom [STATES] 011 xxxxx 

3. LIST spec i f ica t ion:  

STATE CUJNT [ABSI 

4. Connect PODS t o  TPG board a s  f c ~ l o w s :  

CLOCK: CLX 0202-9 
GND 0202-8 

POD4: BIT 7 
6  
5 
4 
3  
2 
1 

- 0 
GND 

06 0 5-3 
06 0 4-6 
0604-5 B f i e ld :  d i s t r ibu t ion  
U604-4 s t a t e  
0604-3 
U202-11 I A f i e l d :  quantized 
U202-6 cutput symbols 
U202-4 
U60S-8 

5 .  -a. Run LOADTEST Program. Load track 0, 
f i l e  5 from ATP data casse t t e  $1. When load is 
c o ~ g l e t e ,  depress START (s/f key f2). 

5.1.2 Q,u&?>+ n-. The Logic Analyzer w i l l  t race  every 
2000 ziocks for  a  t o t a l  of 126,000. and counts every occurrence 
of the output selected in  the 'count s t a t e s a  f i e l d  of the t race  
specif icat ion.  The t o t a i  count appears i n  the STATE COUNT column 
of l i n e  +63. 

a. Perform a trace.  The STATE COUNT a t  l i n e  +63 is the  
number of occurrences of output 011 i n  any s t a t e  i n  
126,000 clocks. Record the  r e s u l t  on t h e  data sheet. 

b. Change the  TRACE spec i f ica t ion  t o  t h e  following: 

COUNT [STATE] 010 XXXXX 

Prcforn a trace.  Record the count a t  l i n e  +63 on the 
data  sheet. 
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c. Repeat f o r  COON!C [STATES] 

Record t h e  coun t s  a t  l i n e  +63 on t h e  d a t a  s h e e t ,  

d. Compare t h e  observed r e s u l t s  t o  t h e  expected values .  
R e s u l t s  should a g r e e  wi th  expected v a l u e s  t o  wi th in  
20%. Due t o  t h e  p r o b a b i l i s t i c  n a t u r e  of t h e s e  re- 
s u l t s ,  f a i l u r e  t o  a g r e e  w i l l  no t  be cons t rued a s  a 
test f a i l u r e .  

1 .  The s t a t e  d i s t r i b u t i o n s  w i l l  be v e r i -  
fied i n  t h e  same manner a s  t h e  ou tpu t  d i s t r i b u t i o n .  

a. Change t h e  TRACE s p e c i f i c 3 t i o n  t o  t h e  fol lowing:  

COUNT [STATES] XXX 00000 

Perform a t r a c e .  The STATE COUNT a t  l i n e  +63 is t h e  
number of occurrences  of any outpu t  i n  s t a t e  00000 i n  
126,000 c locks .  Recard t h i s  count on che  d a t a  shee t .  

b. Change t h e  TRACE s p e c i f i c a t i o n  t o  t h e  fol lowing:  

COUNT [STATES] X U  00001 

Perform a t r a c e .  Record t h e  count a t  l i n e  +63 on t h e  
d a t a  shee t .  

c. Repeat f o r  s t a t e s  XXX 00010 
XXX 00011 
XXX 00100 

Record t h e  coun t s  on t h e  d a t a  sheet. 

d. Compare t h e  observed r e s u l t s  t o  t h e  expected values .  
R e s u l t s  should agree  t o  w i t h i n  20%. F a i l u r e  t o  a g r e e  
w i l l  n o t  be  cons t rued a s  a test f a i l u r e .  

5.1.4 Reset  the TPG ( s / f  key f 5 ) .  Run LOADTEST 
end load t r a c k  0 f i l e  6. When l o a d  is complete depress  START 
(s/f key f2). Change t h e  Logic Analyzer TRACE s p e c i f i c a t i o n  a s  
fol lows:  
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[STARTI TRACE XXX 00000 
TRACE [ALL] 
COUNT t0PPl 

a. P e r f o r r  a  t r a c e .  The Logic Analyzer w i l l  t r i g g e r  wken 
t h e  TPG reaches  state 00000. T h i s  s ta te  has a  hold 
time of 0,  t h u s  a new s tate  should appear  a t  l i n e  +01. 
(The va lue  of f i e l d  A is i r r e l e v a n t . )  Record t h e  
r e s u l t  (P/F) on t h e  d a t a  shee t .  

b. I n s e r t  a t r i g g e r  q u a l i f i e r  i n  t h e  TRACE s p e c i f i c a t i o n .  
S e t  FIND I N  SEQUBNCE XXX 00000 
S e t  [STARTI TRACE XXX 00001 

Perform a trace. Tbe l o g i c  ana lyze r  w i l l  t r i g g e r  on 
reach ing  state 00001. A new s t a t e  should appear a t  
l i n e  +11. Record t h e  r e s u l t  (P/F) on t h e  d a t a  sheet .  

c. Set [STARTI TRACE XXX 00010 and perform a t r a c e .  A 
new s ta te  s h o r ~ l d  appear  a t  l i n e  +21. 
Repeat f o r  states XXX 00011 (new s t a t e  a t  +31) 

XXX 00100 (new s t a t e  a t  + I l l  
Record t h e  r e s u l t s  (P/F) on t h e  d a t a  s h e e t ,  

Th i s  test uses  t h e  EPl610A Logic Analyzer t o  v e r i f y  proper  encod- 
er opera t ion .  

a. PLERT. S e t  up PLERT as  i n  4.3.1, except  p lace  MASTER 
ERROR-ADD t o  ON. 

b. m. S e t  up LV7017 a s  i n  4.3 .4 .  Place  t h e  I / O  
board on t h e  extender  card.  

c. m. The TPG is no t  used i n  t h i s  test. 

d. W c 4 .  S e t  up t h e  HP1610A Logic Analyzer as 
fol lows:  

1. FORMAT s p e c i f i c a t i o n :  

CLOCK: [+I 

LABEL - POD 4 - -PODS 3,2,1- 
ASSIGNPIENT: X  X  X  X  X  X  A A X X X X X X X X  

POLARITY: [+I 
NUM. BASE: [BIN] 

8 



2. TRACE specif icat ion:  

[STARTI TRACE 1 X  

TRACE [ALL STATES1 

3. C o n ~ e c t  pods t o  I / O  board a s  follows: 

CLOCK : C t l t  0107-3 symbol clock 
GBD 0107-7 ground 

PUD4: BIT 1 0103-4 data  in  
B I T 0  U107-5 d a t a o u t  
G ND 0103-8 ground 

a. The encoder mode switches a r e  s e t  t o  r a t e  1 /2 ,  G l ,  and 
G2 normal mode. Perform a trace.  The resul t ing  t r ace  
should be a s  shown on the  data sheet. Record the 
r e s u l t  (P/F) on the data  sheet. 

b. Set the encoder BIode switches t o  r a t e  1 / 2 ,  w i th  G 1  and 
G2 reversed a s  follows: 

1. OFF (generators reversed) 
2. ON ( d i f f e r e n t i a l  encoding off 1 
3. ON ( a l t e rna te  symbols not inverted) 
6,  ON ( r a t e  1/21 

Perform a trace.  The resul t ing  t race  should be as 
shown on the data  sheet. Record the  r e s u l t  (P/F) on 
the data  sheet. 

c. Set the encoder mode switches t o  r a t e  1 / 2 ,  with a l t e r -  
nate symbols inverted a s  follows: 

1, ON (generators not reversed) 
2. ON ( d i f f e r e n t i a l  encoding o f f )  
3. OFF ( a l t e rna te  symbols inverted) 
6. ON ( ra te  1/21 

Perform a trace.  The resul t ing  t race  should be a s  
shown on the data sheet. Record the  r e s u l t  ( P / F )  on 
the data  sheet. 
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d. Se t  t he  encoder mode switches t o  r a t e  1/3, normal mode 
a s  follows: 

1. ON (generators  not  reversed) 
2, ON ( d i f f e r e n t i a l  encoding o f f )  
3. ON ( a l t e r n a t e  syabols  not inver ted)  
6. OPE' ( r a t e 1 / 3 )  

Change t h e  PLERT Haster Clock d iv ide r  t o  *3. Perform 
a t race .  The r e s u l t i n g  t r a c e  should be as shown on 
t h e  da t a  sheet ,  Record t h e  r e s u l t  (P/P) on t h e  da t a  
sheet .  

em S e t  t he  encoder mode switches t o  r a t e  1 3  a l t e r n a t e  
symbols inver ted  as follows: 

1. ON (generators  not  reversed' 
2. 01 ( d i f f e r e n t i a l  encoding o f f  1 
3. OFF ( a l t e r n a t e  symbols inver ted)  
6. OFF ( r a t e  1/31 

Perform a t r ace ,  The r e s u l t  should be as shown on the  
da t a  shee t ,  Record t h e  r e s u l t  (P/F) on t h e  da t a  
sheet .  

The following group of t e s t s  demonstrates proper functioning of 
t he  V i t e rb i  decoder i n  a l l  i t s  modes. The t e s t s  involve 
measuring BER a t  var ious  l e v e l s  of Eb/No. The decoder s h a l l  be 
determined t o  be operat ing c o r r e c t l y  i f  it proddces t h e  expected 
b i t  e r r o r  r a t e  i n  AWGN provided by t h e  TPG. Due t o  t h e  probabi- 
l i s t i c  na ture  of BER t e s t s ,  f a i l u r e  of the  decoder t o  produce the  
exact  BER expected cannot be construed a s  a t e s t  f a i l u r e .  BER 
should f a l l  between t h e  minimum =d maximcin values  i i s t e d  on the  
da t a  sheet .  

a. -. Setu a s  i n  4.3.1, except: 
PATTERN 219-1. 

k. U701Z. Setup as i n  4.3.4. 

c.  The Logic Analyzer is not  used i n  
t h i s  t e s t .  

d. am Setup as i n  4.3.3. 
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Eb'uo 4.4 dB. we- 5.3.2 . For t h i s  t e s t ,  it w i l l  
t e  determined t h a t  t h e  LV7017 can s u c c e s s f u ~ l y  decode i n  a l l  r a t e  
1/2 configurations a t  an Eb/No of 4.4 dB. 

a. Reset TPG (s/f key fS) .  Run LOADTEST and load t rack,  
0 f i l e  6 from ATP data  c a s s e t t e  (2. Depress START 
(s/f key f2)  , 

b. Turn PLERT Gate ON. The LV7017 dipswitches have been 
set fo r  r a t e  1/2 normal mode, 

c. Reset PLERT and observe OR RATE for  2 minutes. B i t  
e r ro r  r a t e  should be 1 0 y  Record r e s u l t  on the  data 
sheet. 

d. Change LV7017 dipswitches a s  follows: 

1, OPP (generators reversed) 
8.  ON 

e,  Reset FLERT, Observe ERR R RATE for  2 rcinutes. B i t  

sheet. 
S e r ro r  r a t e  should be 10' . Record r e s u l t  on the  data 

f .  Change LV7017 dipswitches a s  follows: 

1. ON (encoder senerators  not reversed) 
3, OFF ( a l t e rna te  encoder symbols inverted) 
4. ON ( a l t e rna te  d e c ~ d e r  symbols inverted) 
8, OFF (decoder generators not reversed) 

9. Reset FLERT, Observe ERR R RATE for 2 minutes. E i t  

sheet. 
S erxor r a t e  should be 10' . Record resu l t  on the  data 

5.3.3 Rate 317 -ut Error Rates. For t h i s  t e s t ,  it 
w i l l  be determined t h a t  the  decoder produces t h e  expected output 
e r ro r  r a t e  i n  r a t e  1 / 2  normal mode  at-^^/^^ of 3.0, j . 75  and 5.1 
dB. 

a. P.eturn LV7017 dipswitches t o  posi t ions established i n  
4.3.4 ( r a t e  1 / 2 ,  normal). 

. Run LOADTEST and load t rack 0 f i l e  12 from ATP data 
c a s s e t t e  tl. Depress START (s/f  key f 2 ) .  Reset FLERT 
and pbservt ERROR RATE for 2 minutes. BER should be 
9x10' . Record r e s u l t  on the  data  sheet. 

c.  Run LOADTEST and load track 0 f i l e  18 from ATP data 
casse t t e  41.  Depress START (s / f  key f 2 ) .  Reset FLERT 
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and observe  ERROR RATE f o r  2 minutes. BEW should be 
10-4. Record result on t h e  d a t a  sheet .  

d. Run LOADTEST and l o a d  t r a c k  0 f i l e  2 4  from ATP d a t a  
cassette e l .  Depress START ( s / f  key f2). Reset FLERT 
and observe  ERROR RATE f o r  5 minutes. BER should be 
10'6. Record r e s u l t  on t h e  d a t a  shee t .  

I 
5.3.4 - 4.1 113 w. For t h i s  tes t ,  it w i l l  be 
determined t h a t  t h e  decoder produces t h e  expected BER a t  both 

' B 
rate 113 c o n f i g u r a t i o n s  a t  an Eb/No of 4.1 dB. 

a. Change LV7017 d i p s v i t c h e s  as fol lows:  
6 .  OFF (rate 1 / 3  normal) 
Change FLERT Master Clock d i v i d e r  t o  i 3 .  Run LOADTEST 
and load  t r a c k  1, f i l e  0 from ATP d a t a  c a s s e t t e  # l o  
Depress START ( s / f  key f2). 

I 

b. Reset FLERT. Observe ERROR RATE f o r  2 minutes. BER 
should be 10'~. Record r e s u l t  on t h e  d a t a  sheet .  

c. Change LV7017 d ipswi tches  a s  fol lows:  
3. OFF (rate 1/3, a l t e r n a t e  symbols 
4. ON i n v e r t e d )  
Reset FLERT. Observe ERROR RATE fo r  2 minutes.  BER 
should be 10-5. Record r e s , ~ l t  on t h e  d a t a  shee t .  

5.3.5 = Various. Rate 1/7 m. For t h i s  t e s t ,  it w i l l  be 
determined t h a t  t h e  decoder produces t h e  expected BER i n  r a t e  1 /3  
normal mode a t  E d N ,  of 2.5. 3.4, and 4.8 dB. 

a.  Change LV7017 dipswi tches  a s  fol lows:  
3. ON ( ra te  1 / 3  normal) 
4. OFF 

b. Run LOADTEST and load  t r a c k  I, f i l e  6 from ATP d a t a  
c a s s e t t e  #I. Depress START ( s / f  key f 2 ) .  Reset FLERT 
and observe  ERROR RATE f o r  2 minutes,  BER should be 
10'~. Record result on t h e  d a t a  sheet .  

I 
c. Run LOADTEST and load  t r a c k  I ,  f i l e  12 from ATP d a t a  

cassette #1. Depress START ( s / f  key f 2 ) .  Reset FLERT 
and obse rvs  ERROR RATE f o r  2 minutes. BER should be 
10-4. Reccr? r e s u l t  on t h e  d a t a  sheet .  

I 
d. Run LOADTEST and l o a d  track 1. f i l e  1 8  from ATP d a t a  

c a s s e t t e  #1. Depress START ( s / f  key f 2 ) .  Reset FLERT 
and observe  ERROR RATE f o r  5 minutes. BER should be 
10'~. Record resul t  on t h e  d a t a  shee t .  

I 
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This test w i l l  v e r i f y  t h e  i n t e r l e a v e r  PN sequence, and v e r i f y  
thtt t h e  8-1 from the encoder G1 g e n e r a t o r  is covered by t h e  
f i r s t  b i t  of t h e  PN sequence and t h a t  i t  e n t e r s  t h e  t o p  t a p  
(zero-delay) p a t h  of t h e  i n t e r l e a v e r .  

a. FLERT. S e t  up FLERT as i n  4.3.1. 

b. LV7Q17. S e t  up LV7017 a s  i n  4.3.4. Place i n t e r l e a v e r  
board on t h e  extender  card.  Switch XNTERLEAVER I N .  

c. a. The TPG is n o t  used i n  t h i s  test. 

1. FORMAT s p e c i f  on: 

CLOCK: [+I 

LABEL -POD 4- -POD 3- PODS 2 , l  
ASSIGMENT: AAA BBBBB XXX CCCCC XXXXISXXX 

A B C 
POLARITY: [+I  - [ + I  [ + J  

NUN. RASE: IBINI [DECI IDECI 

2. TRACE s p e c i f i c a t i o n :  

ISTARTI TRACE 1XX XXX XXX 

TRACE IALLI 

COUNT [OFF] 

3. Connect PODS t o  i n t e r l e a v e r  board a s  follows: 

CLOCX: CLK U206-1 ICLOCK 
GM) U206-8 

POD4: BIT 7 
6 
5 
4 
3 
2 
1 
0 

GND 

0003-15 S t a r t  PN 
U303-6 Rate Clock 
0303-1;: PN sequence 
U206-13 
U205-3 I WRITE address  
'320 5-6 
0205-10 
U205-13 
U206-8 
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POD3: BIT 4 U206-14 
3 U205-2 
2 0205-5 
1 13205-11 
0 U205-14 

GND U205-8 

READ address 

5.4.2 pN S-, Perform a t race .  The l i s t i n g  on t h e  Logic 
Analyzer should appear as on t h e  da t a  sheet .  The PN sequence 
appears i n  t h e  t h i r d  column of t h e  A f i e l d ,  with the  f i r s t  b i t  of 
t h e  sequence i n  l i n e  +01, The B and C f i e l d s  a r e  i r r e l evan t .  
Record r e s u l t  (P/F) on t h e  da ta  sheet .  

a ,  Perform a t race .  Line +01 of the  l i s t i n g  represen ts  
t h e  ' top tap"  (zero de lay) .  T h i s  l i n e  should appear 
a s  follows: +01 010 N N 

(Where N can be any number from 02 t o  31 inclusive . )  
This  r e s u l t  shows t h e  r a t e  clock high, t h e  f i r s t  b i t  
of t h e  PN sequence and t h a t  t he  w r i t e  address is t h e  
same a s  t h e  read address,  Repeat 4 times and record 
t h e  r e s u l t  (P/F) on t h e  da ta  sheet .  

b, Se t  [STARTI TRACE 1 0 1  31 31. Perform a t race .  The  
Logic Analyzer d i sp l ay  should appear as  on t h e  da ta  
shee t ,  Record r e s u l t  (P/F) on t h e  data  sheet.  

c. Set  FLERT Master Clock d iv ide r  t o  +3. Set  LV7017 dip- 
switch 6 t o  r a t e  1/3 (OFF). Perform a t race .  The 
Logic Analyzer d i sp lay  should appear as  on t h e  da t a  
sheet .  Record r e s u l t  (P/F) on the  data  sheet .  

5 -5  t e r l e a v e r  

The de in te r leaver  w i l l  be t e s t e d  i n  two d i f f e r e n t  ways. The 
f i r s t  test w i l l  v e r i fy  t h a t  a bu r s t  of 30 b i t s  is dispersed so  
t h a t  120 b i t  times or  more separa te  each p i r  of b i t s  i n  t h e  
b u r s t  i n  t h e  deinter leaved sequence, The second t e s t  w i l l  v e r i fy  
t h a t  t h e  BER of t h e  combined CODEC and interleaver/deinterleaver 
is t h e  expected value fo r  both r a t e  1 / 2  and r a t e  1/3 i n  t h e  pre- 
sence of Gaussian noise. 
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a. m. Set up as  in  4.3.1, except: PATTERN INVERT = 
ON. 

b. m 1 7 n .  Set up as described i n  4.3.4. Place in ter -  
leaver on extender card. Remove DROM V103 on in ter -  
l e a v e ~  and replace w i t h  t e s t  PROH 1, an unprogrammed 
(i .e.  a l l  addresse-O! PROM. 

c. m. Reset TPG (s / f  key f 5 ) .  Run loadtes t  and load 
from ATP t e s t  tape 82 f i l e  0,  t rack 0. Depress START 
(f2) . 

1. FORHAT specif icat ion:  

CLOCK: [+I 

LABEL -POD 4- PODS 3.2.1 
ASSIGNMENT: XXXXXXX YXXXXXXX 

A 
POLARITY: [+I  

NDM. BASE: lEEXl  

2. Trace Specification 

TRACE [ONLY STATES1 3 

COUNT [STATES] X 

3. Connect PODS t o  inter ieaver  card as  follows: 

CLOCK: CLK h103-9 CLOCK 
GND A103-8 

POD 4: BIT 0 A104-IG SIGN BIT out of dein- 
terleaver prior to 

GND A 1  0 4-7 PN ADD. 

Perform a trace.  The output of the cncoder/interleaver is an a l l  
one,'s data stream. The TPG contains two s t a t e s .  The higher 
probabi l i ty  s t a t e  is a perfect  channel s t a t e  in  which no e r r o r s  
a re  intraduced. The lower probabi l i ty  s t a t e  is a length 30 burst  
during which a l l  channel symbols a r e  inverted. If the  deinter-  
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leaver  is petforming groper ly ,  t he se  symbols w i l l  be separated 
from each other  by a< l e a s t  119 b i t s .  Verify t h a t  t h i s  is so by 
observing t h a t  t h e  r e l a t i v e  s t a t e  count displayed on t h e  l og i c  
analyzer trace is a t  l e a s t  119 f o r  each s t a t e .  Record the  result 
(P/P) on t h e  tes t  data sheet .  

a. m. Set  up FLERT as i n  4.3.1, except: 
PATTERN = 2'16-1. 

b. m. Se t  up LV7017 a s  i n  4.3.4. Remove t e s t  PROM 
t l  from t h e  loca t ion  of V103 and rep lace  PROM V103 on 
t h e  in te r leave?  card. Place i n t e r l eave r  back i n t o  
chass i s ,  Switch INTE,FUAVER I N -  - - 

-.- 

I 
. B. Reset TPG (s/f key C5 1 . Run LOADTEST and load 

t r ack  0, f i l e  6 from ATP c a s s e t t e  #2. Depress START 
(f2). 

I 

d. - z l v w .  The Logic Analyzer is no t  used ic 
t h i s  test. 

5.5.4 P3te  V 2  B e .  Reset FLERT and observe ERROR RATE fo r  2 
minutes. BER should f a l l  i n  t h e  range shown on t h e  data  sheet.. 

I 
Record r e s u l t  on the  da t a  sheet. 

5.5.5 -163. Set  LV7017 dipswitch 6 t o  r a t e  1/3  
(OFF). Set  FLERT Master Clock d i v i j n r  t o  -3. Run LOADTEST and 

I 
load t rack  I ,  f i l e  0. Reset FLERT and observe ERROR RATE for  2 
minutes. BER should f a l l  in t h e  range shown on t h e  da ta  shc2t .  
Record r e s u l t  on t h e  da t a  sheet .  

The TPC csz;ains a d i s t r i b u t i o n  of 5 s t a t e s  such t h a t  t he  f i r s t  
Cour produce 50% channel e r r o r s  but  have quality b i t s  f i t t i n g  a 
Gaussian d i s t r i b u t i o n  of EdN, 4.4 dB, and t h e  f i f t h  is 4.4 dB a t  
r a t e  1/2. The t r a n s i t i o n  p r o b a b i l i t i e s  a r e  such t h a t  t h e  TPG 
will progress f lorn s t a t e  1 t o  s t a t e  5 i n  about 40 seconds. 

a. PLERT. Se t  up FLERT a s  i n  4.3.1, except: 
PATTERN = 216-1. 

b. LV7017. Se t  up LV7017 a s  i n  4.3.4, except: p lace  the  
I / O  board on an extender card and switch INTESEAVER 
I N  . 
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1. FORMAT specification: 

LABEL -4- -3- 
ASSIGNMENT: XBBAAAAA XXXXXXXC 

A B C 
POLARITY: [+I [ + I  [ + I  

Mm. W E :  [HEXI [WNI [BIN 

2, TIZACZ specification: 

[STARTI TRACE 04 XX X 

TRACE [ONLY] XX XX X 03000 

COUNT (STATE1 XX XX 1 

3. LIST specification: 

STATE COUM! [RELI 

4. Connect the pods--to the I/O board and TPG boa:d as 
follows: 

CLOCK : U80 4-2 RCLK ( I / O  boitzd) 

WD4: BIT 6 U000-3 BITSLIP 
5 4 -U605-j UOOO-6 ] 
3 U604-6 (TTG board) 
2 U604-5 "stace" 
1 U604-4 
0 '3604-31 

WD3: BIT 0 U804-10 SYNCLOSS (I/O board) 

d. Eeset TPG (s/f key f5). Run LOADTEST. Load track 
1 file 24 from ATP data cassette (1. 

5.6.2 Performance*. Perform a trace. Depress START (f2). 
When the TPG reaches the Gaussian noise state, the logic analyzer 
will trigger. It will trace every 3000 clocks and count the 
SYNCSOSS signals. The initial synchronization time is the number 
of clocks betvieen the trigger and the last SYNCLOSS. The last 
SYNCLOSS occurs in the last line in which a non-zero count 
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appears i n  t h e  STATE COUNT column. The number of clocks is t h ~ s  
l i n e  number mult ipl lefl  by 3000. Record t h i s  r e s u l t  on t h e  data  
sheet .  

5.6.3 To repeat  t h i s  t e s t ,  depress  STOP ( s / f  key f4)  and repeat  
paragraph 5.6.2, Repeat 9 times and record t h e  r e s u l t s  on t h e  
da t a  sheet .  

This test w i l l  v e r i f y  t h e  resynchronization t i ~ e  a f t e r  a b i t s l i p  
o r  a phase invers ion both with and without t h e  i n t e r l eave r .  

a. -. Set  up FLER as i n  4.3.1, except: 
~ --. . 

T PATTERN = 2 6-1. 

b. m. Set  u p  LV7017 as i n  4.3.4, except: p lace  t he  
I / O  board on a:. extender card and switch 1"" ."EAVER 
OUT. 

1. FORMAT spec i f ica t ion :  

CLOCK: [+I 

LABEL - 4- -- 3- 
ASSIGNMENT: XBBAAAAA XXXXXXXC 

A B C 
POLARITY: [+I [ + I  [ + I  

NUM. BASE: [HEXI [ B I N ]  [ B I N ]  

[START] T: ACE XX OX X 

TRACE [ONLY] XX XX X 0 0 1 8 0  

COUNT [STATES] XX XX 1 

3 .  L I S T  spec i f ica t ions :  

STATE COUNT {RELl 
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POD4: BIT 6 
5 
4 
3 
2 
1 
0 

0804-2 RCLK 

BITSLIP 

U605-3 
U604-6 
060 4-5 1 'statem 
@6 0 4-4 
U6 0 4-3 

( I / O  board) a 

(TPG board) 

POD3: BIT 0 3804-10 STNCLOSS (1/0 board) I 
d, E, Place BITSLIP, INVERT, and BYPASS switches i n  

NORMAL posi t ion,  R e s e t  TPG ( s / f  key f5), Run LOAD- 
TEST an2 load t r ack  0, f i l e  0 from ATP da ta  cassette 
t l ,  Depress START ts/f  key £21, - I 

a ,  Perform a trace, Switch BITSLIP from NORHAL t o  
DELAYED. The BITSLIP switch w i l l  t r i g g e r  t h e  l o g i c  
analyzer, The resynchronization t i n e  a f t e r  in t ro-  
duction of one clock delay is t h e  number of clocks be- 
tween t h e  t r i g g e r  and the  l as t  SYNCLOSS, The number 
of clocks is the  number of t h e  l a s t  l i n e  containing a 
non-zero s t a t e  count mul t ip l ied  by 100. It  should be 
less than 500, Record t h i s  r e s u l t  on t h e  da ta  sheet.  
Se t  BITSLIP switch t o  normal, 

t Repeat 4 times, recording resul ts  on t h e  da t a  sheet ,  

c. Change TRACE spec r f i ca t ion  on Logic Analyzer to: 
[STARTI TRACE X2t XO X, Return BLTSLIP switch t o  nor- 
ma l ,  Perform a t race .  Switch IhVERT, This w i l l  
t r i gge r  t h e  Logic Analyzer, The resynchronization 

I 
time a f t e r  an inversion is t h e  number of clocks be- 
tween t h e  t r i g g e r  and t h e  l as t  appearance of SYNCLOSS. 
Record t h i s  r e s u l t  on t h e  J a t a  sheet .  

d, Repeat 4 tines, recording resul ts  on t h e  data sheet .  

e. Return INVERT switch t o  NOFtHAL. On the  LV7017, switch 
INTE!UEAVER I N .  On the Logic Analyzer, change TRACE 
spec i f i ca t ion  to: 
[STARTI TRACE XX OX X 
TRACE [ONLY1 XX XX X 01000 

Perform a crace, Switch BITSLIP from NORMrJI t o  
DELAYED, Fne resynchronization time is t h e  number of 
clocks between the  t r i g g e r  and t h e  las t  appearance of 
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SYNCLOSS. This number is t h e  number of t h e  l a s t  l i n e  
containing a nonzero s t a t e  cocnt mul t ip l ied  by 1000, 
Record t h i s  r e s c i t  on t h e  da t z  sheet ,  Set switch t o  
NORNU, Repeat 3 times, 

Change l o g i c  analyzer t r a c e  spec i f i ca t ion  t o  t h e  fo l -  
lowing: 
[STARTI TRACE XX 1 X  X 
TRACE (ONLY1 X X X X X  01000 

Se t  BITSLIP switch t o  delayed. Perform a trace, 
Throw switch t o  NORHAL. Record synchronization t i m e  
c s  described i n  t h e  previous paragraph on t h e  da t a  
sheet ,  Repeat 3 times, 

6,  TEST OF AtfiOLUTED TEST PROGRAM 

Setup t h e  LV7017 a s  i n  INITIAL SETUP. I n s e i t  program cassette 
and load program RUNTEST (s / f  key fll) . Verify t h a t  the  839825 
is connected t o  t h e  FLERT v i a  BPI5 i n t e r f a c e  and t h a t  the  select 
code of t he  i n t e r f a c e  is set t o  7. Depress 'RUNg on t h e  HP9825. 

The HP9825 w i l l  request  a v a r i e t y  of information. Enter t h e  fo l -  
lowing data.  

Number of tests: 3 
Rate: 
t rack#:  Q 
f i l e # :  
symbol clock: 5 O O O @ O Q  
Pattern:  fi 
inver ted pat tern:  (s/f key 1) 
length of test: 3.6e8 
track#: Q 
file#: 1_8 
symbol clock: po00000 
?at tern:  11 
inver ted pat tern:   ye^ ( s / f  key 0) 
l e n s t h  of test (,Oe8 
t rack#: Q 
f i l e # :  Q 
symbol clock: 6000000 
Pat tern:  16 
inver ted pat tern:  rn ts /f  key 11 
length of test: 

Depress 2OHTINUE. The HP9825 w i l l  s e tup  and s t a r t  test #l which 
w i l l  run u n t i l  t he  FLERT has recocded more t h m  3 . 6 ~ 1 ~ 8  b i t s .  
For t he  durat ion of t e s t  #I t h e  FLERT should d i sp lay  e r r o r  r a t e ,  
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p a t t e r n  215-1, Master clock +2 and p a t t 5 r n  i n v e r t  o f f .  The 
HP9825 w i l l  record  t h e  e r r o r  rate on its paper p r i n t o u t  ~t t h e  
conc lus ion  of t h e  test. T h i s  should be between 7x10- and 
1.1~10-3. Record t h e  r e s u l t  (Pass/Fai l!  on t h e  d a t a  shee t .  

For test  #2 t h e  FLERT should d i s p l a y  e r r o r  r a t e ,  p a t t e r n  211-1, 
p a t t e r n  i n v e r t  on, and Master c lock +2. The e r r o r  r a t e  recorded 
a t  t h e  conclus ion  of t h e  tes t  should  be between 8x10'5 and 
1.2~10-4. Record t h e  r e s u l t  ( P a s s / f a i l )  on t h e  d a t a  sheet .  

For t e s t  #3 t h e  PLERT should d i s p l a y  e r r o r  r a t e ,  p a t t e r n  216-1, 
p a t t e r n  i n v e r t  o f f ,  and Haster c lock +2. The e r r o r  r a t e  recorded 
a t  t h e  conclus ion  of t h e  test should  be between 8 ~ 1 0 - ~  and 
1 . 2 ~ 1 0 ' ~ .  Record t h e  r e s u l t  ( P a s s / f a i l )  on t h e  d a t a  sheet .  

7. GOVERNMENT DATA TESTS 

Prepare  a d a t a  tape on t h e  HP9825 f o r  t h e  s p e c i f i e d  d i s t r i b u t i o n  
(see TPG manual). Run t h e  L3ADTEST program t o  load t h e  d i s t r i b u -  
t i o n  i n t o  t h e  TPG. S e t  up t h e  FLERT and LV7017 a s  needed f o r  t h e  
test. Depress START ( s / f  key £2 on t h e  HP9825). RESETthe 
FLERT. Record t h e  resul ts  of t h e  test and t h e  type  of test  on 
t h e  d a t a  shee t .  
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4 

5 identical distributions 05 E D o  = 4.4 dB 
at rate  1/2. State transitions are independent 
of state. No hold. 

5 identical no noise distr3utions.  Equal state 
probabilities, Varying hold times. 

1 sta te  : rate 1/2  EbDo 3.0 dB 

1 sta te  : rate 1/2 EbDo 3.75 a 
1 s ta te  : rate 1/2 %Do 5.1 dB 

l s t a t e  : r a t e l / 3  %/Yo 4 . 1 d B  

1 sta te  : rate 1/3 %/So 2.5 dB 

l s t a t e  : r a t e l / )  EbDo 
3.4 dB 

l s t a t e  : ra te1 /3  D o  4 . 8 d B  

In i t i a l  synchronization test .  4 states of anarchy. 
1 sta te  of Eb/No 4.4 dB at rate 1 / 2 .  

State Prob - - State H o l d  - - 

ATP DATA TAPE Ct2 

No errors: occasional bursts of 30 errors ( 2  states) 

Rate 1/2 Eb/NG = 4 . 4  dB 1 stctr Gaassian I 
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Acceptance T e s t  Procedure  Data S h e e t  
for 

Decodins S imula t ion  System 

NASA R e p r e s e n t a t i v e  0- ~L/L 
pENb82/; v. yf G? 

~ P 1 6 / D k  : 7-J-8, 
TEST 1: TPG Output and S t a t e  ~ i s t r i b u t i o n =  

TEST 

Paragraph 5.1.2 
Output d i s t r i b u t i o n  

Paragraph 5.1.3 
S t a t e  d i s t r i b u t i o n  

Paragraph 5.1.4 
Bold states 

A 

c m  

71023 
t 2 9 3  7 
f & -L/G 
-6 
4[3G 
/q73 

OUTPUT 

3 11 
010 
001 
000 
100 
1 0 1  

RESULT 
EXPECTED nna NAX 

71890 57512 86268 
22733 18186 27280 
16334 13067 19600 

9167 7333 11000 
40 30 3224 4836 
1384 1107 1660 

110 
111 

S t a t e  

00000 
00001 
00010 
00011 
00100 

T r i g g e r  on 
S t a t e  

00000 
00001 
00010 
00011 
00100 

369 295 
92 7 4 

50203 40162 60244 
25102 20082 30122 
25102 20082 30122 
12797 10238 15356 
12797 10238 15356 

New s t a t e  should  
appear  a t  l i n e  t 

+01 
+11 
+21 
+31 
+41 

P a s s / F a i l  

Zss 

L 

I 
i 

2 
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Acceptance T e s t  Procedure 3ata Sheet 
for 

Decoding Simdation System 

Test Engineer, NASA R e p r e s e n t a t i v e  

e - Date .? 6) 

TEST 2: Encoder Opera t ion  

1 

L 

Paragraph: 

Test: 

STAKT 
+01 
+02 
+03 
+04 
+(is 
+06 
+07 
+08 
+09 
+10 
+11 
+12 
+13 
+I4 
+15 
+16 
+17 
+18 
+19 
+20 
+2; 
+22 
+23 
+24 
+2s 
+26 

Pass /Fa i l :  

5.2.2a 

rate 1/2 
normal 

10 
10 
00 
00 
0 1  
0 1  
0 1  
00 
0 1  
0 l 
0 1  
0 1  
00 
00 
0 0 
0 1  
0 1  
0 1  
0 0 
00 
00 
00 
00 
00 
00 
00 
00 

2% 

5.2.21, S.2.2~ 5.2.2d 5.2.2e 

rate 1/2 rate 1/2 rate 1/3 rate 1/3  
generators a l t e r n a t e  normal alternate 
reversed symbols I s ~ l s  

i n v e r t e d  inverted 

10 10 10  10 o r  11 
10 11 10 11 10 
0 0 00 10 10 11 
0 0 0 1  00 
01 0 1  
0 1  00 
00 0 1  0 1  
01  01  01  
0 1  0 1  0 1  
0 1  00 00 
01  0 1 0 1  
0 1  0 0 0 1  
0 0 00 0 1  
0 0 0 1  0 1  0 
01  00 .O 1 
00 00 01  
0 1  0 1  00 \ 0 1  
0 1 00 00 
00 00 0 0 0 I 
00 01  0 1  0 1 
0 0 00 0 0 0 I 
00 0 1  0 1  
0 0 00 0 0 
00 0 1  0 / 
0 0 00 
00 0 1  
00 00 

,4&e'rUK 
EGW/L/L-rn 
~&+,;Ctrf/gJ ~4 
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-'p r . *"TY 
Acceptcice Test Procedxe Data Sheet 

for 
Decoding Simulation System 

Test Engineer A Representative 

Date 3-7-5- 
Q b T  VA 
&3,'6& w. X64R 

Paragraph 5.3.2 
Eb/No = 4.4 dB, rate 1/2 

generators reversed 
alternate symbols 

inverted 

Paragraph 5.3.3 

3.75 dB 

a1 terna te symbo 1s 
inverted 

Paragraph 5.3.5 
rate 1/3, normal 

25 
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Acceptance T e s t  Procedure Data Sheet 
for 

Decoding Simulation System 

ASA Representative 

TEST 4: Interleaver Operation 

L L 

PASS/FAIL 

?h5 s 
A - -  
I 

-- - - 

I 
I 
I 

1 

V x 

TEST 

Paragraph 5.4.2 
PN Sequence 

LOGIC ANALYZER DISPLAY 

STm 101 
+01 010 
+02 000 
+03 010 
+04 000 
+05 010 
+06 001 
+07 011 
+08 001 
+09 010 
+10 000 
+11 311 
+ 12 000 

0 10 +13 
+14 000 
+15 0 11 
+16 000 
+17 011 
+18 000 
+19 011 
+20 001 
+21 011 
+22 001. 
+23 011) 
+24 001 
+25 01.1 
+26 000 
+27 011 
+28 000 
+29 010 
+30 101 
+31 010 
+32 000 . 
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Acceptance Test Procedure Data Sheet 
for 

Decoding Simulation System / I  

T e s t  Engineer 

Data 315-41 

TEST 4: Interleaver Operation (Continued) 

I TEST 

Parag raph  S.4.3.a 
PN Synchronization 

P a r a g r a p h  5.4.3.b 
Tap Synchronization 
rate 1/2 

P a r a g r a ~ h  5 . 4 . 3 , ~  
i a ~  Synchronization 

rate 1/3  

LOGIC ANALYZER DISPLAY ( PWS/E'AIL 

A B C 
START 1 0 1  N - 1  N 4 f N - t  

+01 01C N N 

0 

A B C 
START 1 0 1  3 1  31  

+O 1 010 92 02 
+02 000 03 02 
+03 010 04 02 
+04 000 05 02 
+O 5 010 06 02 
+06 001  07 32 
+07 011  08 02 

A B C 
START 1 0 1  3 1  3 1  

+01 010 02 02 
+02 010 03 02 
+O 3 000 04 02 
+04 010 05 02 
+05 010 06 02 
+06 001  07 02 
+07 011  08 02 
+O 8 011  09 02 



kcce?tance Test Procedure  Data Sheet 
n , -.. ,-. . , . r - f o r  

&Ti7 a i.3) 0 1 
- . a  i 

>k . .- ' , 
.-* . '-,L.T.f Decoding Simulation S y s t e m  4 

T e s t  Enginee NASA ~epresentative 

Date 3flpSi 

TEST 5: D e i n t e r l e a v e r  Operation 

TEST 6 :  I n i t i a l  Synchronization 

1. TEST 
RESULTS 

EXPECT= M I N  - MAX 

.--CB -paragraph 5.5.2 
Deinterleaver burst  d i s p e r s i o n  

- * - 
-Paragraph 5.5.4 lo'S 8 x lo'€ - 1.2 x 10'~ 

Rate 1/2 - 4.4dB 

Paragraph 5.5.5 lo-' 8 x 1.2 
Rate 1/3 -4.1 dB 

wi 
PASS/FAIL 4 

7 

R ss 
?.LO(. Y I O ~ / "  ss 

L I Z Y ~ / U - ' ~ ~ ~  i 
1 
1 ; 

TEST 

Paragraph 5 . 6 . 2  
I n i t i a l  s y n c h r o n i z a t i o n  

maximum = 120,000 

TRIAL 

1. JL ,W~ ~ y r h d  b r  
2.- I&& 
3' 3b,O@ 
4 -  66,000 
5 .  30,000 
'5. .*,WO 
7 .  72,000 

. 8 -  t?i- 
9 -  3t,@ 
10. -6aa 

PASS/FA IL 

.jgipPs* 
319sr I*: 
f3)s3 

3%- 
-JE!s- 
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r.?z, - , * I  3 rec: 7.; 

-:+ > .- , - .  , - 7. f  Acceptance Test Procedure Data Sheet 
for 

Decoding Simllation System r"\ 

Test Engineer NASA Representative 
i)&W~;ie c/ /fC&,? 

Date 3-5-81 

TEST 7: Resynchronization 

TEST 

Paragraph 5.7.2.a 
Resync after BITSLIP 

w/o interleaver. 
maximum = 500 

Par-?graph 5.7.2.c 
Resync after inversion 
w/o interleaver 
maximum = 500 

G/Qp * 4.446 
Paragraph 5.7 .2 .e  

Resync after BITSLIP 
with interleaver 
maximum = 8,000 

TRIAL 

1. a& S y r W 8 ~ ~  
2. /oO 
3 -  to0 
4.  /Os 
5. /O@ 

1.0 
2.0 
3. 0 
4 -  0 

0 

5.7.2.s 1. s7ckd/ ); n ~ 5  
2. ~~0 f9r 
3 .  a00 

5.7.2.f 1. 3000 
2. 3-0 
3. 3000 

PASS/FAIL 

Rss * z== 
7 % ~  

ZE 
3 ~ ~ 5  
x.55 .. * cs 
?&s 3 
71, s 
RLs> 
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Acceptance Test Procedure Data Sheet 
for 

Decoding Simulation System 

Test Enginee NASA Representative 

Date 
DE&E.X w /IpGe 

TEST 8: Automated Test Program 

TEST 

Test 1 

Test 2 

Test 3 

, 
PAS S/FAIL 
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Case 1 

I n f f n i t e  CW RFI In-Sand; Rate 112 

PULSEISYMBOL = 1 
PREDICTED PE = 1 E-4 

Case 2 

0,1,5,16,44,109,229,3692 

1671,128,125,124,124,125,128,1671 
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253,3 w / n / / ~ , r r / m  f l  
0,3 ~ I p c & y / ~ ~ o f i  W/LL  
I n f i n i t e  CW RFI In-band; Sate 112 , p 4 7 '  Wflu''7 p 7 

- 3 2 -  
PULSE/SYMBOL = 4 

PREDICTED PE (WITH INTERLEAVER) = 1E-4 3 / WO-' ii,/ 7// /d@~t9 1 

* G 

.- 

__  -c-- 
Case 3 ~f ,~g&+t~/a,d 

p;.cu-o~d /u ~ Y M L  

NOISE RFI; 45 DBW E IHP; Rate 112 

PULSEISYMBOC = 1 
PRED:CTED PE = 2.6C-5 



Case 4 dg:~..;;L PAGE IS 

252.4 f - C'97- -A h?dPfi,&- ~ f i d 0 6  

0.4 SYNC 
WISE RFJ; 45 D 8 W  EIRP; Rate 1/2 

PREDICTED PE (WITH INTERLEAVING = 2.6E-5) -- 
-6 

Case 5 

#7 
5,18,61,167,356,593,775,2121 

5,18,62,168,356-593,774,2121 

6.20 ,€5,173,359.590,764,2120 

17,39,99,213,37E,558,683.21 10 

1829,?4,73,73,73,77,74,1829 
7 

295 120,228,287,;40,380,4GOs?992 

l147,283,304,315,a15,3M,283,1147 

198,18,28,11,3,4,3 

!88.13,28,11,3,4,3 

188,18,28,11,3,4,3 

188.!8,28,11,3,4,3 

1&5,18,28,11,3,4,3 

188,18,28,11,3,4,3 

188,!8,28,11,3,4,3 

osc,o,o,o,~,o 
0:0,0,0,0,0,0 

0.0,0,0,0,0~0 

0,0,0,0,0,0,0 

O,O,~,O,C,~,O 

0,0,o~oso,o,o 

0,0,0,3,0,0~~ 

ST case; RzCe 1/3 

PULSEISYMBOL = : 
PPEDICTED PE - 1 E-5 
- G 



OPERATING INSTRUCTIONS 

FOR 

TRANSITIONAL PROBABILITY GLdERATOR 

(T P G MANUAL) 

APPENDIX 9 



O)LRATlON AND MAINTENANCE MAMUAL 

FOR 

TRANSITION PROBABILITY GENERATOR 

UMKABJT Part No. 21371 

LIN KABIT Corporation 



Of€RATlON AND MA1NlENANCE MANUAl 

TRANSITION PROBABILITY GENERATOR 

UNKAbn Port No. 21371 

UNKABIT Corporation 
A WACOM fanpony  
a33SciancePPrkRood 
SM DkQo, CA 92121 
714453-7007 
TWX 910-337-1277 



LINltABIT Corporation warrants the Transition Probability 
Generator 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 LINRABIT 
C~rporation and which shall be found to have been thus 
defective in accordance vith 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 difficulries. 

This Warranty is expressly in lieu of all other 
agreements and warranties, express or iw;lied, and 
LINKABIT Corporation does not authorize any person to 
assume for it the obligations contained in this Warranty 
and neither assumes ns - authorizes any representative or 
other person to assume for it any other liability in 
connection with such equipme~t. 

The W~iranty shall not apply to any equipment which shall 
have been repaired Jr replaced by anyone else other than 
LINKABIT Corporation or which has been subject to 
alteration, misuse, negligence or accident, or to any 
equipment which shall have had the serial number or name 
altered, defaced or removnd. 
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SECTION 1 

INTRODU CT IOX 

1.1 SCopE 

This manual describes the Transition Probabili ty Generator, 

hereinafter referred t o  a s  the TPG ( f igure  1-1). I t  includes 

ins ta l l a t ion ,  operation, and maintenance information. h 

description of the equiplaent is contzined i n  section 1. Section 

2 provides the i n s t a l l a t i o n  instruct ions.  Operating ins t ruc t ions  

a r e  provided i n  section 3. Theory of operation is i n  section 4 -  

Maintenance ins t ruc t ions  a re  included i n  section 5. 

The TPG is a  ca lc~ la to r -con t ro l l ed  noise generator tha t  can be 

used t o  simulate t h e  e f fec t s  of noise channels on encoded or 

interleaved data, The TPG procirices 3-bi t  s o f t  decision outputs 

whose d is t r ibut ions  can be programmed on 2n Hewlett-Packard 9825 

calculator t o  simulate a  var iety of noise environments. These 

3 - b i t  outputs a re  added t o  the encoded datz stream and a re  then 

returned t o  the decoder. 

The prohatri l i t ies of each 3-bit output a r e  specified t o  12-bit 

accuracy. The TPG can provide up t o  32 output d is t r ibut ions  or 

s t a t ? s ,  d i t h  p robabi l i t ies  of t r ans i t ions  between any pair  of 

s t a t e s  determined w i t h  8-bit accuracy. There is a l so  provision 

t o  hold any of the s t a t e s  for up t o  256 clock cycles. I t  i s  a l so  

possible to  hold one output i n  a  s r t i c .  '.ar s t a t e .  





The TPG is c o n t r o l l e d  by a.1 8P9825 c a l c u l a t o r  which can a l s o  

c o n t r o l  t h e  B i t  Error  Rate (BER) Test  Se t ,  LINKABIT PN 21270. 

P r o b a b i l i t y  d i s t r i b u t i o n  d a t a  is c r e a t e d  on an o u t s i d e  computer 

and downloaded t o  t h e  EP9825. Al te rna te ly ,  p r o b a b i l i t y  

d i s t r i b u t i o n  d a t a  can be en te red  manually from t h e  c a l c u l a t o r  

keyboard. The c a l c u l a t o r  c r e a t e s  images of t h e  TPG's lookup 

t a b l e s  and loads t h e  TPG. The c a l c u l a t o r  can then be programmed 

t o  c o n t r o l  t h e  BER test set and rLn tests automat ica l ly .  The TPG 

Program C a s s e t t e  con ta ins  a l l  t h e  programs necessary t o  run t h e  

TFG . 

The TPG is a s tandard  19-inch, rack-mountable enclosure  weighing 

30 pounds. There is  a plug-in c i r c u i t  card  assembly (CCA) i n s i d e  

t h e  hinged f r o n t  cover. There a r e  t h r e e  swi tches  along t h e  f r o n t  

edge of t h e  CCA t h a t  a r e  a c c e s s i b l e  when t h e  f r o n t  panel is 

hinged down. The c h a s s i s  a l s o  con ta ins  a power supply and a fan. 

Al l  input /output  and clock connect ions a r e  made bv means of r e a r  

panel  Cannon connectors  (DL2-96IW) . Refer t o  f i g u r e  1-2 and 

t a b l e  1-1. See f i g u r e  1-3 f o r  d a t a  timing. 

1.4 m !  
A Hewlett-Packard 1610A l o g i c  analyzer  or equivalent i s  requi red  

t o  check t h a t  t h e  TPG is opera t ing  properly.  





Table 1-1. Input/Output Interface  

CLOCK I 1 1 J I 1 1 1 
X DATA* X X X X X 

Signal  

Input S igna l s  
and Clocks 

Output S igna l s  
and Clocks 

Calculator 
Inputs/Outputs 

*INPUT PORT HAS ONE DATA CHANNEL. 
OUTPUT P O W  HAS THREE CHANNELS: ONE FOR DATA AND TWO QUALITY B I T S .  

Interface  Logic S p e c i f i c a t i o n  

RS- 42 2 
AEED-26LS32 l i n e  rece ivers  terminated i n  l O O R  

RS-422 
AMD-26LS31 l i n e  dr ivers  

TTL with 1 KR pull-ui> r e s i s t o r s  

Figure 1-3. Data Timing 



1.5 rSSMIIATEI)m 

The associated t e s t  equipment shown i n  tab le  1-2 is required t o  

complete the system i n  which the TPG operates. 

Table 1-2. Associated Equipment 

Model 

21270 
839825 
LV7017B 
HP98032A 
EiP98034 
EP98036 

Nomenclature 

B i t  Error Rate Test Set 
Calculator 
Encoder-Decoder 
Para l le l  I / O  B u s  
Ins t r  umeilt B u s  
Ss r i a l  I / O  Interface Bus  

Manufacturer 

L INKAB I T  
Heclett-Packard 
LINKABIT 
aewlett-Packard 
Hewlett-Packard 
Hewlett-Packard 



SECTION 2 

PREPARATION POR USE AND INSTALLATION INSTRUCTIONS 

2.1 nNPAcrtrw; 

The IT  is packaged i n  a p l a s t i c  bag and an i n n e r  cardboard  

c a r t o n  which is p laced  i n  an  o u t e r  ca r ton .  The o u t e r  c a r t c n  

c o n t a i n s  preformed p l a ~ t i c  foam wi th  a r e c e s s  f o r  t h e  i n n e r  

c a r t o n ,  the Opera t ion  and Maintenance Manual, and t h e  program 

c a r t r i d g e .  A s h e e t  of p l a s t i c  f ~ a m  is p laced  on t o p  of t h e  i n n e r  

c a r t o n  t o  c c n p l e t e  t h e  cush ioning  on a l i  sites of t h e  i n n e r  

ca r ton .  To remove t h e  TPG from t h e  c a r t o n s ,  proceed a s  fo l lows :  

CAUTION ------- 
When c u t t i n g  t h e  t a p e  on t h e  i n n e r  
c a r t o n ,  do n o t  a l l ow t h e  c u t t i n g  t o o l  t o  
p e n e t r a t e  t h e  c a r t o n  and ue.nage t h e  TPG. 

1. C u t  or t e a r  t h e  s e a l i n y  t a p e  from t h e  t o p  of t h e  o u t e r  
ca r ton .  

2.  Remove t h e  s h e e t  of p l a s t i c  foam w h i c h  cove r s  t h e  
i n n e r  c a r t o n .  Observing t h e  p rev ious  c a u t i o n ,  c. + o r  
t e a r  t h e  s e a l i n g  tape  fro^ th* i n n e r  ca r ton .  

3. Remove t h e  TPG from t h e  i n n e r  ca r ton .  Do n o t  remove 
p l a s t i c  cover un:il ready f o r  i n s p e c t i o n .  I f  t h e  TPG 
is n o t  t o  be i n s p e c t e d  immediately,  s t o r e  ii-I z s a f e ,  
c l ean ,  d r y  p l a c e  pending i n s p e c t i o n .  



2.2 a 
Inspect  unpacked equipmefit upon r e c e i p t  a s  f ol lovs :  

1. Inspect  t h e  equipment f o r  damage i n c u t r e d  d ~ r i n g  
shipment. 

2. Check t h e  equipment a g a i n s t  t h e  packing list shipped 
wi th  t h e  equipment t o  ensure  t h a t  t h e  shiplnent is 
complete. 

2.3.1 RACK REQUIREHENTS 

The TPG is designed f o r  s tandard  19-inch rack mounting. It is 

packaged i n  a 7-inch high by 19-inch wide by 17-inch deep 

enclosure.  The u n i t  may be operated i n  any o r i e n t a t i o n  providing 

t h a t  t h e  i n t a k e  ho les  on t h e  s i d e  pane l s  and t h e  f a n  have 

unimpeded access  t o  i n t a k e  a i r .  

2.3.2 ELECTRICAL COHNECI!IONS 

Required power is 115 v o l t s  a t  60 Hz. A 1 amp f u s e  is l o c a t e d  on 

t h e  r e a r  panel. It  is recommended t h a t  t h e  u n i t  fiat be opera ted  

without  adequate grounding. 

S ignal  names f o r  connectors  J1, J2 ,  and 53 a r e  provided i n  t a b l e s  

2-1, 2-2, and 2-3. 



Table 2-1. J1 Connector 

. 
QJCODER-DLCODER 
J1 P i n  Number 

Signal 
(RS-422 Differential 

C1 
El 
G 1  
81 
R 1  
ul 
C2 
B2 
GZ 
82 
K2 
nz 

I 

i 

CLOCKIN + 
DATATN + 
SIGNOUT + 
PSB@JT + 
LSBOUT + 
aOCItOuT + 
CLOCKIN - 
DATAIN - 
SIGNOUT - 
HSBOUT - 
LSBOUT - 
CLOCXOUT - 



Table 2-2. J2 Connector 

. 
WCULATOR 

J2 Pin N u n b e t  
L 

C1  
D 1 
E l  
Fl 
C2 
D2 
62 
J2 
R2 
L2 
112 
N2 
P2 
K5 
L 5 
ns 
N5 
PS 
06 
N6 
P6 
t 

Signal  
( S i n g l e  ended TTL) 

PFLG 
PCTL 
CTLl 
CTLO 
CND 
CND 
CND 
DO2 
DO3 
DO4 
DO5 
006 
DO7 
Do8 
Do9 
010 
Dl1 
012 
PRSSET 
DO0 
DO1 



T a b l e  2-3. 53  C o n n e c t o r  

EXTERNAL 
53 P i n  N u m b e r  

C7 
C 8  
H7 
I48 
K 1  
K2 
E l  
$2 
G 1  
G2 
H1 
R2 

Signal 
( R S - 4 2 2  D i f f e r e n t i a l  TTL) 

CLOClt,?OT + 
CLOCKOUT - 
DATAOUT + 
DATAOUT - 
CLOCRIN + 
CLOCKIN - 
S I G N I N  + 
S I G N I N  - 
M B I N  + 
M B I N  - 
LSBIN + 
LSBIN - 



2 3 4 DATA TERMINAL CONFIGURATION 

To e n a b l e  d a t a  t e rmina l  c o n f i g u r a t i o n  proceed a s  fo l lows :  

1. I n s e r t  t h e  t h r e e  ca l cc l l a to r  i n t e r f a c e  c a r d s  i n t o  t h e  
input /ouput  s l o t s  a t  t h e  r e a r  of t h e  HP9825 
c a l c u l a t o r .  They may be i n  any o rde r .  

2. Connect t h e  B i t  E r ro r  Rate T e s t  S e t  LV70178, HP9825, 
and T#; as shown i n  f i g u r e  2-1. 

2.3.5 EXTERNAL CHANNEL COMFIGURATION 

The TPG may be bypassed t o  a n  e x t e r n a l  channel  connec t ing  a modem 

t o  t h e  EXTERNAL jack on t h e  TPG. The s i g n a l s  on t h i s  i n t e r f a c e  

have RS-422 l e v e l s .  The p i n  s i g n a l s  a t  t h i s  i n t e r f a c e  a r e  

d e f i n e d  i n  t a b l e  2-1. The connector  is a Cannon DL2-96P. To 

enab le  an e x t e r n a l  channel ,  proceed a s  fo l lows:  

1. Lower t h e  f r o n t  pane l ,  t o  g a i n  a c c e s s  t o  t h e  BYPASS 
= i t c h .  

2. S e t  t h e  BYPASS swi t ch  on t h e  TPG c i r c u i t  c a r d  t o  
SYPASS. 

2.3.6 TEST SWITCHES S2 AND S3 

Swi tches  S2 and S3 p rov ide  two e r r o r  s o u r c e s  u s e f u l  f o r  t e s t i n g  

t h e  d e c o d e r / d e i n t e r l e a v e r  . S e t  t h e  swi t ches  a s  fo l lows:  

1. S e t  swi tch  S2 t o  ON t o  d e l a y  d a t a  by one clock.  

2 .  S e t  swi tch  S3 t o  ON t o  i n v e r t  t h e  data.  



RATE TEST 
52 

DATA AND DATA LV7017 
SET 

CLOCKS 

3 m m  (YITH INTERLEAVER) 

HPIB 
HP98034 

Figure 2-1. System Block Diagram 

4 J1 MCODER/DEODER 

HP98036 
HP98032A 52, 

CALCULATOR 
TPG 

&53 
b 

EXTERNAL 

HP9825 + 
TO EXTERNAL CHANNEL (NODEM) 



SECTION 3 

OPERATING INSTRUCT IONS 

3.1 

The TFG is controlled by the calculator.  I t  is  necessary t h a t  

the operator have previous experience using the calculator.  The 

operator should be able t o  perform the following: 

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

2. Enter data in to  the calculator when prompted t o  do so. 

3. Correct typing mistakes using edi t ing  keys. 

4. Recover a f t e r  a calculator error  has occurred. 

Program casse t te  TC is necessary t o  operate the TPG. I t  contains 

the DOWNLOAD, ARRAYS, LOADTEST, MANUAL, CATALOG, and RUNTEST 

programs, the def in i t ions  of the special  function keys, and two 

t e s t  dis t r ibut ions.  

3.2 SPECllr' 

The def in i t ions  of the special  keys a re  contained i n  f i l e  1 on 

track 0. Keys f2 through f5 do not a f fec t  the operation of the 

calculator or any program being executed. Following i s  a l i s t  of 

the special  function keys: 

fO: YES For yes/no answers 

f l :  NO For yes/no answers 

f 2 :  START S t a r t s  the TPG 



f3: START S t a r t s  the TPG 

f4 :  STOP Stops the TPG; can bz s t a r t ed  again with e i the r  
START. 

f5: RESET Returns the TPG t o  power up condition; m u s t  be 
reloaded. 

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

f 7  : ARRAYS Loads the ARRAYS program from the program 
cassette.  

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

f9: l W A L  Loads the MANUAL program from the program 
cassette.  

f10: CATALOG Loads the CATALOG program from the program 
cassette.  

fll: RUNTEST Loads the RUNTEST program from the program 
cassette.  

3.3 -- 
A data f i l e  for each t e s t  consis ts  of s i x  consecutive f i l e s  on a 

data casset te .  In each group of s i x ,  the f i r s t  contains the raw 

data received from the outside world via the DOWNLOAD proqram, or 

entered manually via the MANUAL program. The next f ive  f i l e s  a re  

created by the ARRAYS program from the data i n  the f i r s t  f i l e .  

These l a s t  a r e  used by the LOADTEST program t o  load the Test Set. 

When a program asks for a f i l e  number, the number it expects is 

tha t  of the FIRST f i l e  i n  each s e t  of s i x  i . . ,  the 3400-byte 

f i l e ) .  The other f i l e s  w i l l  be accessed re l a t ive  t o  t h i s  one. 



3.4 

The CATALOG proqram pr in t s  the headings of a l l  the f i l e s  on a 

data cassette.  To u s e  CAIALOG program, proceed as follows: 

1. Inser t  program cassette.  

2. Depress s/f  key f10 (CATALOG) . 
3. Depress RUN. 

4. When INSERT DATA CASSETTE is displayed: 

- Inser t  a data casset te .  

- Depress CONTINUE. 

5. The program w i l l  then search through the tape and 
p r in t  the headings of a l l  the data f i l e s .  

3.5 

The program casse t te  contains the DOWNLOAD, ARSAYS, LOADTEST, 

MANUAL, CATALOG, and RUNTEST programs, the def in i t ions  of the 

special  function keys, and two t e s t  dis t r ibut ions.  

3.5.1 RUNNING PROGRAHS 

To use the programs on the program casse t te ,  proceed as  follows: 

1. Inser t  the program casset te .  

2. Turn the calculator and the TPG on. The calculator 
w i l l  automatically execute a "ldp 0' t o  load and run 
the f i r s t  program on the casset te ,  which p r i n t s  a 
message and loads the special  function keys. 

3. Depress the RESET s / f  key (£5) t o  i n i t i a l i z e  the 
random number gener ator  s. 

4 .  Use the s / f  keys t o  se lec t  program- 



5. To go t o  another program, re-insert  the progras 
casset te ,  i f  it has been removed, 

3.5.2 TESTING 

The normal sequence of s teps t o  run a t e s t  is  provided i n  t a b l e  

3-1. Each s t e p  i n  t ab le  3-1 is described i n  paragraphs 3.5.2.1 

through 3.5.2.7. 

3.5.2.1 HARKING DATA CASSETTES - To mark data casse t tes ,  proceed 

a s  follows: 

1. To mark a new casset te ,  i n se r t  the casse t te  and rewind 
it (REWIND key) . This w i l l  posit ion the tape a t  the 
beginning of track 0. A t  l e a s t  four, possibly f ive ,  
s e t s  of f i l e s  w i l l  f i t  on each track. 

2. To mark a s e t  of s i x  f i l e s ,  use the following sequence 
of statements, and repeat for each s e t  of s i x :  

a, mrk 1,3400 (EXECUTE) 

b. mrk 1,730 ( EXECUTE) 

c,  mrk 3,8220 ( EXECUTE 1 

d. mrk 1,80 (EXECUTE) . 
3. When track 0 is marked, rewind the tape and type: t rk  

1 (EXECUTE). This posi t ions the tape a t  the beginning 
of track 1 and is now ready t o  be marked a s  described 
above, All s ix  f i l e s  of each set mus t  be on the same 
track, 

4. When marking a used casset te ,  make ce r t a in  tha t  the 
tape is positioned a f t e r  the last, f i l e  t o  be saved 
before doing any marking, since marking erases  old 
f i l e s .  To determine the position of the l a s t  f i l e ,  
perform the following procedures: 

a. Rewind the tape. 
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S t e p  
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Act ion  

Hark d a t a  cassettes 

Create  i n p u t  f i l e  on o u t s i d e  computer 

Download t h e  f i l e  to  t h e  c a l c u l a t o r  (DOWNLOAD), 
or e n t e r  d a t a  manually (MANUAL) 

Create  RAM images f o r  TPG (ARRAYS) 

Load t h e  TPG (LOADTEST) 

Run t h e  test or  l o a d  and run an automated 
s e r i e s  o f  tests (RUNTEST) 



b. S e l e c t  a t r ack .  

c. Type: t l ist  (EXECUTE). The l a s t  f i l e  number 
will be i d e n t i f i e d  by a  row of zeroes .  

d. Type: f d f  X (where X is  t h e  n u m h r  of t h e  l a s t  
f i l e )  and EXECUTE. T h i s  w i l l  p o s i t i o n  t h e  t a p e  
a t  t h e  l a s t  f i l e ,  ready f o r  marking. 

3.5.2.2 INPUT FILE FORMAT - The i n p u t  f i l e  c o n t a i n s  a l l  t h e  

i n fo rma t ion  concerning t h e  o u t p u t  and s t a t e  t r a n s i t i o n  

p r o b a b i l i t i e s  f o r  use  by t h e  TPG. I t  a l s o  i n c l u d e s  an 

i d e n t i f y i n g  heading t o  be p r i n t e d  w i t h  t h e  t e s t  r e s u l t s .  

NOTE 

The i n p u t  f i l e  must be unnumbered and 
f r e e  of ex t r aneous  c o n t r o l  c h a r a c t e r s .  

The i n p u t  f i l e  has  t h e  fo l lowing  seven p a r t s :  

1. Beginning-of-f i le  mark 

2. An i n t e g e r  r e p r e s e n t i n g  t h e  number of s t a t e s  

3. The ou tpu t  p r o b a b i l i t i e s  f o r  each s t a t e  

4 .  The s t a t e  t r a n s i t i o n  p r o b a b i l i t i e s  

5. I n t e g e r s  i n d i c a t i n g  t h e  time t o  hold each  s t a t e  

6. Heading text 

7. End-of-fi le mark. 

. . 3.5.2.2.1 Dellmlters - I n  g e n e r a l ,  it does  n o t  m a t t e r  whether 

d a t a  items appear  on s e p a r a t e  l i n e s  o r  grouped t o g e t h e r  on l l n e s ,  

because t h e  HP9825 c o n s i d e r s  any nonspace, nonnumerical c h a r a c t e r  

a d e l i m i t e r .  Data items t h a t  appear  on t h e  same l i n e  should  be 



separa ted  by d e l i m i t e r s  (i.e, c o m a s )  and terminated wi th  a LF. 

Do not  use both a comma and a LF a t  t h e  end of a l i n e ;  t h e  

c a l c u l a t o r  w i l l  i n t e r p r e t  t h i s  a s  another  d a t a  item ( z e r o ) .  

3.5.2.2.2 Line - The HP9825 does not  understand CR 

(ASCII 1 3 ) ;  when it encounters  one, it i s  ignored. Therefore,  

l i n e s  can be terminated wi th  e i t h e r  LF (ASCII 10) or  CWLF. 

3.5.2.2.3 Format - 

3.5.2.2.3.1 F i r s t  Line - The f i r s t  l i n e  c o n s i s t s  of a beginning- 

o f - f i l e  mark: a number s i g n  # (ASCII 35) followed by an i n t e g e r  

N from 1 t o  32 i n c l u s i v e  i n d i c a t i n g  t h e  number of s t a t e s .  T3ere 

a r e  no d e l i m i t e r s  i n  between. The DOWNLOAD program s t a r t s  t o  

read d a t a  immediately a f t e r  encountering t h e  #, t h e r f  o re ,  

anything t h a t  appears  before  it i s  igilored. N is used t o  

determine how much p r o b a b i l i t y  d a t a  fol lows.  

3.5.2.2.3.2 Output P r o b a b i l i t i e s  - These a r e  a t o t a l  of 8 * N  

i n t e g e r s  i n  t h e  range 0 t o  4096 represen t ing  t h e  p r o b a b i l i t y  of 

each p o s s i b l e  output  i n  each s t a t e ,  where 4096 i n d i c a t e s  E. 

p r o b a b i l i t y  of 1.0 and 0 is a p r o b a b i l i t y  of 0.0. They must be 

arranged i n  t h e  fol lowing order:  



This  d a t a  may be de l imi ted  i n  any c n ~ v e n i r n t  manner. The sum of 

rach a t a c e  must be 1096. 

3.5.2.2.3.3 S t f t e  P r o b a b i l i t i e s  - These a r e  a t o t a l  of N+# 

i n t e g e r s  i n  t h e  range 0 co 256 representing t h e  p r o b a b i l i t y  of 

t h e  t r a n s i t i o n  from a given &ate t o  any o the r  s t a t e .  I n  t h i s  

case, 256 indicates a p r o b a b i l i t y  of 1.0. They ~ u s t  be arranged 

i n  t h e  fol lowing order: 

This may a l s o  be d e l i n i t e d  i n  any convenient manner. The sum of 

eacb s t a t e  asst be 256. 

3.5.2.2.3.4 Bold Length - These a r e  a t o t a l  of N i n t e g e r s  from 6 

t o  255, represent ing  t k e  ntmber of clocks a given s t a t e  is t o  be 

held. A 0 i n d i c a t e s  that t h i s  p a r t i c u l a r  s t a t e  w i l l  no t  be heid. 

a11 N s t a t e s  aust be included, i n  order .  I f ,  when reaching a 

p a r t i c u l a r  s t a t e ,  t h e  output  is t o  be held  a l s o r  add 256 t o  i ts 

nmbe r . 

3.5.2.2.3.5 Heading Text - This p a r t  c o n s i s t s  of up t o  720 

c h a r a c t e r s  ( inc lud ing  c o n t r o l  c h a r a c t e r s )  t o  be used a s  a heading 

t o  i d e n t i f y  t h e  test. This  cext  w i l l  be p r i n t e d  on t h e  BP9825's 

i n t e r n a l  p r i n t e r  exac t ly  as it appears  here,  thus  each l i n e  is 

l i m i t e d  t o  16 c h a r a c t e r s  ( t h e  width of t h e  p r i n t e r ) .  Any 



additional characters over 16 w i l l  not be printed. Abaut 40 

l i n e s  of t ex t  can be included. 

3.5.2.2.3.6 End-of-File Clark - The end-of-file mark is a BFLL 

(control G, ASCII 7). It need not appear on its own l ine.  The 

calculator t r r ~ i n a t e s  it: input operation when it sees t h i s  

character, 

The DOWNLOAD program ge t s  t h e  input f i l e  from the outside world, 

reformats it, and s to res  it on a data casse t te ,  

To use ~ O C U ) ,  proceed a s  follows: 

1. Prepare the input f i l e s .  

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

3. Prepare the outside ccrn2uter and connect it  t o  the 
calculator via  the RS-232 interface,  so t ha t  a l l  t ha t  
i s  necessary t o  s t a r t  the download is t o  enter a 
s i n g l e  command ( s u c h  as "TYPE FILE.NAX&"). The RS-232 
in ter face  requires the following: 

a. 1 stop b i t  

b, 7 b i t  A S C I I  cha,acters, p lus  

c. 1 (odd) par i ty  b i t  

d. 2400 baud 

Use halfduplex mode and make sure tha t  the f i l e  is 
free of extraneous control characters !page marks, 
form feeds, e t c -  1 .  

4 ,  Depress RUN. 



5. When INSERT DATA CASSETTE is displayed, proceed as 
follaws: 

a. Insere t h e  cassette on wtrich t h i s  f i l e  is t o  be 
stored. 

b. Depress CONTINUE. 

6. When WHICH TRACK (0/1)? is displayed, proceed a s  
follows: 

a. Enter the track cumber for t h i s  f i l e .  

b. Depress CONTINUE. 

7. When WEICB FILE? is displayed, proceed as follows: 

a. Enter the f i l e  number for  t h i s  f i l e .  

b. Depress CONTINUE. 

The program w i l l  check t o  see i f  it is a val id  f i l e ,  
If i t  is the wrong type, s ize,  or not marked a t  a l l ,  a 
message t o  that  e f fec t  w i l l  be displayed. Depress 
CONTINUE to  return t o  the point where i t  asks for a 
track number. If the program finds data i n  the f i l e  
already, depress YES (fO) t o  wr i te  over it, or NO ( f l )  
t o  enter a new f i l e  number. 

8.  When COUMAND? is displayed, proceed as follows: 

a. Enter the command tha t  w i l l  s t a r t  the download. 

b. Depress CONTINUE. 

Type the command exactly a s  it would appear on a 
computer terminal. The calculator w i l l  supply a CWLF 
a t  the end. 

9. The calculator w i l l  p r in t  t h e  f i r s t  100 ct a rac te r s  of 
the heading a s  a c h e c k  tha t  the download succeeded. 
If t h e  messages "sum not 4096 i n  s t a t e  X" or 'sum not 
256 i n  s t a t e  X" appear, there was an error  in  t h e  
input f i l e ,  which  m u s t  be corrected and reloaded. 



10. To do another download, prepare t he  next input f i l e  
and go t o  s t e p  3. 

11. Proceed t o  ARRAYS, paraqrah 3.5.2.5. 

3.5.2.4 CUNUAL WTR'L OF DATA - The MANUAL program can be used t o  

manually en te r  the  d i s t r i b u t i o n  data,  i f  desired. I f  may be 

e a s i e r  than M)WNLT'D i f  t he re  a r e  only a few s t a t e s  t o  enter .  

The data  is entered i n  exact ly  the  same format a s  i n  t h e  input 

f i l e  (paragraph 3.5.2.2) . 

To u s e  UANUAL, proceed a s  follows: 

1. Insert program casse t te .  

2. Depress s / f  key f9 (f4ANUAL).  

3. Depress RUN. 

4. When NUHBER OF STATES? is  displayed, proceed a s  
f ollows: 

a. Enter in teger  number of s t a t e s  from 1 t o  32. 

b. Depress CONTINUE. 

5. When PROBABILITY? is displayed, proceed a s  follows: 

a. Enter an in teger  from 0 t o  4096 representing the  
output probabi l i ty .  

b. Depress CONTINUE, 

The output p r o b a b i l i t i e s  must be entered i n  the  same 
order as i n  the input f i l e s  (paragraph 3.5.2.2). The 
progran w i l l  continue t o  a s k  for  output p r o b a b i l i t i e s  
u n t i l  a l l  N s t a t e s  trre complete. If the message "sum 
not 4096' appears, t h e  program w i l l  ask for  t h a t  s t a t e  
again. 

6. When TRANSITION PROBABILITY? is  displayed,  proceed a s  
follows: 
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a. Enter an i n t e g e r  from 0 t o  256 represen t ing  t h e  
t r a n s i t i a n  p r o b a b i l i t y  between t h e  two s t a t e s .  

b. Depress CONTINUE. 

The s t a t e  t r a n s i t i o n  p r o b a b i l i t i e s  must be en te red  i n  
t h e  same order  a s  i n  t h e  inpu t  f i l e  (paragraph 
3.5.2.2). The program w i l l  cont inue  t o  ask f o r  
t r a n s i t i o n  p r o b a b i l i t i e s  u n t i l  a l l  W states a r e  
compiete. I f  t h e  message 'sum not  256' appears ,  t h e  
program w i l l  ask f o r  t h a t  s t a t e  again,  

7. When NUFIBER OF CLOCKS? is displayed,  proceed a s  
fol lows:  

a. Enter an  i n t e g e r  from 0 t o  255 represen t ing  t h e  
number of c lock c y c l e s  t h i s  s t a t e  is t o  be held. 
(Enter  256-511 i f  t h e  output  is t o  be h e l d  
a l s o ,  1 

b. Depress COYTINUE, 

The program w i l l  cont inue t o  ask f o r  input  u n t i l  a l l  N 
s t a t e s  a r e  complete. 

8. When LINE? is displayed,  proceed as fol lows:  

a ,  Enter up t o  16 c h a r a c t e r s  of beading t e x t .  

b. Depress CONTINUE. 

9. When ANOTEER LINE? i s  displayed,  depress YES (for  t o  
e n t e r  another  l i n e ,  or NO ( f 3 )  i f  f in ished.  Up t o  720 
c h a r a c t e r s  of heading can be entered .  

10. When INSERT DATA CASSETTE is displayed proceed a s  
f o l l w s :  

a. I n s e r t  a (premarked) d a t a  c a s s e t t e .  

b. Depress CONTINUE. 

11. When TRACK? is displayed,  proceed a s  fol lows:  

a. Enter t h e  t r a c k  number of t h e  d e s i r e d  f i l e .  



b. Depress CONTINUE. 

12. When PILE WI(BER? is  displayed, proceed a s  follows: 

a. Enter the  f i l e  numoer (premarked 3400 by tes ) .  

b. Depress CONTINUE. 

If the  f i l e  is the  wrong s ize ,  type, o r  not marked a t  
a l l ,  a message w i l l  be displayed. Depress CONTINUE t o  
enter a new f i l e .  If t he re  is da ta  i n  t h e  f i l e  
already,  depress YES (FO) t o  w r i t e  over it, or NO ( i l l  
t o  enter a new one. 

13. The p r o g r a ~  w i l l  d isplay 00NE when finished.  Proceed 
t o  ARRAYS (paragraph 3.5.2.5). 

3.5.2.5 GENERATING RAn IMAGES - The ARRAYS program takes the  

input f i l e  create& by WWNLOAD and generates t h e  e r rays  t h a t  w i l l  

be loaded i n t o  the  TPG BAns by the  LOADTEST program. 

To use ARRAYS, proceed a s  follows: 

1. Inse r t  the  program casse t te .  

2 ,  Depress s / f  key f7 (ARRAYS) . 
3, -press RUN. 

4 ,  When INSERT DATA CASSETTE is displayed, proceed a s  
follows: 

a, I n s e r t  the  data  c a s s e t t e  on which the  data  is t o  
be stored. 

b. Depress CONTINUE. 

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

a. Enter the t rack  number of the  inpct  f i l e .  



b. Depress CONTINUE. 

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

a. Enter the f i l e  number of the input f i l e .  

b. Depress CONTINUE. 

The program checks for the existence and correct  type 
of f i l e ,  and displays a message i f  incorrect. Depress 
CONTINUE t o  return t o  the point where it asks for the 
track number and enter a new f i l e .  

7. This program crea tes  images of t h e  RAH contents and 
s to res  t h m  i n  the f i l e s  Eollowing the input f i l e s .  
The f i l e s  must  be praarked.  When DONE is displayed, 
the program is finished. 

8. To do another set of arrays,  go t o  s t e p  3. 

9. Proceed t o  LOADTEST. 

3.5.2.6 LOADING TPG RAns - The LOADTEST program loads the TPG 

RA138. To use  LOADTEST, proceed as follows: 

1. Inser t  the program casset te .  

2. Depress s / f  key f8  (LOADTEST) . 
3. Depress RUN. 

4. When INSERT DATA CASSETTE is displayed, procecd a s  
follows: 

a. Inser t  the data casse t te  on which t h e  data f i l e s  
a r e  located. 

b. Depress CONTINUE. 

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

a. Enter t h e  track number of t h e  input f i l e s .  

be Depress CONTINUE. 



6. When NUMBER OF FIRST FILE? i s  displayed,  proceed a s  
fo l laws:  

a. Enter t h e  number of t h e  f i r s t  of t h e  set of s i x  
f i l e s .  

b. Depress CONTINUE. 

The program checks f o r  t h e  e x i s t e n c e  and c o r r e c t  type  
of f i l e .  I f  i n c o r r e c t ,  d e p i e s s  CONTINUE t o  s t a r t  cver  
and e n t e r  a new f i l e ,  

7. The program f i r s t  p r i n t s  t h e  header,  then loads  t h e  
TPG Ms. When DONS i s  displayed,  t h e  program is 
f in i shed .  

8. Depress START ( s / f  key f2 )  t o  s t a r t  t h e  TPG. 

9. During a test, t h e  BITSLIP and INVERT swi tches  on t h e  
TPG c i r c u i t  ca rd  ( a c c e s s i b l e  through t h e  f r o n t  panel)  
may be used t o  manually in t roduce  a one-bit de lay  or 
phase invers ion .  

3.5.2.7 AUTOMATED TESTS - The RUNTEST program s t o r e s  parameters  

f o r  a s e r i e s  of tests t o  be run under t h e  con t ro l  of t h e  HP9835 

c a l c u l a t o r .  The program f i r s t  a sks  f o r  t h e  parameters,  then TFG 

i n i t i a l i z e s  t h e  B i t  Error Rate Tes te r  (PLERT) , and runs t h e  

t e s t s ,  

To use RUNTEST, proceed a s  fol lows:  

1. I n s e r t  program c a s s e t t e .  

2. Depress s/f key f l l  (RUNTEST) . 
3. Depress RUN. 

4.  When INSERT DATA CASSETTE is displayed,  proceed a s  
fol lows:  

a. I n s e r t  a d a t a  c a s s e t t e  t h a t  con ta ins  ALL t h e  
tests  you w i s h  t o  run. 



be Depress CONTINUE. 

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

a. Enter the  number of tests. 

b. Depress CONTINUE. 

6. When FILE NUmBR and TRACK NUMBER a r e  displayed, enter 
the  f i l e  and track numbers of the  da ta  f i l e ,  
depressing CONTINUE a f t e r  each. This program WILL NOT 
check fo r  exis tence and correctness  of the  f i l e s .  

7. When SYUBOL CLOCX is displayed, proceed as follows: 

a. Enter  the  symbol r a t e  i n  symbols/second. 

b. Depress CONTINUE. 

8. When PATTERN is displayed, proceed a s  follows: 

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

be Depress CONTINUE. 

9. When INVERT is displayed, proceed a s  follows: 

a. Depress YES (fO) for  an inver ted data  pa t te rn ,  
or 

b. Depress NO ( f l )  for  a normal pat tern .  

10. When LENGTH OF TEST ( b i t s )  is displayed, proceed a s  
follows: 

a. Enter the  durat ion of t h e  t e s t  i n  information 
b i t  times. 

b. Depress CONTINUE. 

11. Repeat s t eps  6 through 10 for  each t e s t .  These 
parameters for  each test w i l l  be p r in ted  on t h e  
c a l c u l a t c r l s  p r in t e r .  If t he re  is an e r r o r ,  s t a r t  
over from s t e p  3. 



12. When a l l  tests a r e  entered ,  t h e  program w i l l  pause. 

13. Depress CONTINUE when ready t o  begin t e s t i n g .  

14. The program w i l l  load t h e  TPG. 

15. The p r o g r a  w i l l  i n i t i a l i z e  t h e  E'LERT. 

16. The program w i l l  run t h e  test f o r  t h e  s p e c i f i e d  time. 

17. A t  t h e  conclusion,  t h e  b i t  count,  e r r o r  count and BER 
w i l l  be pr in ted .  

18. The program w i l l  r epea t  s t e p s  13 through 16 f o r  each 
t e s t ,  and w i l l  d i s p l a y  TESTS COMPLETED when f in i shed .  



SECTION 4 

TEEORY OF OPERATION 

The T#; c o n s i s t s  of four  RAn lookup t a b l e s ,  two random number 

g e n e r a t o r s  and a s s o c i a t e d  loading l o g i c .  A block diagram of t h e  

TPG is snown i n  f i g u r e  4-1. The HP9825 c a l c u l a t o r  determines t h e  

con ten t s  of t h e  lookup t a b l e s  from p r o b a b i l i t y  d i s t r i b u t i o n  d a t a  

provided t o  it. 

4.1.1 STATE TABLE 

The S t a t e  lookup t a b l e  determines which of t h e  32 p o s s i b l e  

d i s t r i b u t i o n s  t o  u s e  next ,  given t h e  previous s t a t e  and an 8 -b i t  

random number . 

4.1 .2 HGLD STATE TABLE 

The Hold S t a t e  lookup t a b l e  determines how long t o  hold a  

p a r t i c u l a r  s t a t e  given t h a t  s t a t e .  The Hold S t a t e  holds a  s t a t e  

by d i s a b l i n g  t h e  s t a t e  r e g i s t e r ,  while  a  counter  counts  ou t  t h e  

number of c locks  provided by t h e  Bold. S t a t e  lookup t a b l e .  

4.1.3 RW;ION TABLE 

The Region lookup t a b l e  con ta ins  t h e  j o i n t  cumulative 

d i s t r i b u t i o n  of a l l  p o s s i b l e  s t a t e s .  When superimposed, t h e  

cumulative d i s t r i b u t i o n s  of t h e  ou tpu t s  i n  each s t a t e  w i l l  form 

up t o  225 i n t e r v a l s .  A 12-bi t  random number s e l e c t s  one of these  

i n t e r v a l s .  



F i g u r e  4 -1 .  TPG B l o c k  Diagram 



4.1.4 OUTPUT TABLE 

The Output lookup t a b l e  de te rmines  t h e  3 - b i t  o u t p u t  of a g iven  

s ta te  and an  i n t e r v a l  i n  t h e  j o i n t  cumula t ive  d i s t r i b u t i o n .  The 

m ~ t - s i g n i f i c a n t - b i t  WSB) of t h e  o u t p u t  is added t o  t h e  incoming 

data stream and a l l  t h r e e  b i t s  a r e  r e t u r n e d  t o  t h e  decoder.  

4.1.5 RANDOM NUmER GENERATCRS 

l b o  random number g e n e r a t o r s  produce 20 b i t s  of random a d d r e s s  

f o r  t h e  S t a t e  and Region lookup t a b l e s .  n o  g e n e l a t o r s  of 63 and 

64 s t a g e s ,  r e s p e c t i v e l y ,  a r e  used t o  i n c r e a s e  t h e  randomness of 

t h e  addresses .  

4.2 

The c i r c u i t r y  d e s c r i b e d  i n  t h e  fo l lowing  pa rag raphs  i s  shown i n  

t h e  schemat ics  i n  s e c t i o n  6. 

4.2.1 CLOCKS 

The TPG runs  o f f  two s e p a r a t e  c locks :  an  i n t e r n a l  c lock  

gene ra t ed  by Schmi t t - t r i gge r  o s c i l l a t o r  U O O l  and an  e x t e r n a l  

c lock  t h a t  a r r i v e s  w i t h  t h e  d a t a  v i a  l i n e  r e c e i v e r  J201. The 

i n t e r n a l  c lock  ICLOCK i s  t h e  c lock  used f o r  communication w i t h  

t h e  HP9825, i n c l u d i n g  handshaking, i n p u t  r e g i s t e r s  and R A M  

load ing .  The d a t a  c lock  DCLOCK is  used f o r  t h e  d a t a  pa th ,  

i n c l u d i n g  a l l  p i p e l i n e  r e g i s t e r s  and random-number-generators. 

4.2.2 INPUT DATA FROM CALCULATOR 

Data a r r i v e s  from t h e  BP9825 v i a  i n p u t  r e g i s t e r s  UlO2 and U103. 

The c a l c u l a t o r ' s  p r e s e t  s i g n a l  i s  used a s  a r e s e t  t o  i n i t i a l i z e  

t h e  c a r d  f o r  load ing .  Handshaking i s  accomplished w i t h  J-K f l i p  



f l o p  U101. A PC% f tom t h e  HP9825, i n d i c a t i n g  'data ava i l ab le '  

sets PPLG i n d i c a t i n g  "per iphera l  busy.' Handshake s i g n a l s  and 

wri te-enables a r e  generated from PFLG by U202 and U301. The 

s i g n a l  EIDSRl is a pu l se  two c locks  wide used t o  increment t h e  

address  counters .  The s i g n a l  HDSK2 is one clock wide used t o  - 
r e s e t  PFLG. A doubie pulse  WE1 i s  used a s  a wri te-enable t o  t h e  

RAns t h a t  use bcth upper and lowar by tes  of input  da ta .  S ignal  - 
WE2 is a s i n g l e  wri te-enable t o  t h e  RAMS t h a t  uses only t h e  lowec 

byte  of of input  &La. The other  l i n e  of communication with t h e  

HP9825 is  CTLO. This  is t h e  GO s i g n a l  t o  s t a r t  t h e  t e s t  set when 

loading i s  conpleted. 

4.2.3 LOADIK; ADDESS COUNTERS 

Loading address  counters  U402-U405 a r e  enabled by t h e  two c lcck  

wide BDSRl which increments t h e  counter  twice on each t r a n s f e r  

from t h e  HP9825. The lower 13 b i t s  of these  counters  a r e  used t o  

address  t.he RAMS. The next two b i t s  a r e  decoded i n t o  c h i p  

s e l e c t s  by decoder U401. Address l i n e s  a r e  buffered  by 3 s  

b u f f e r s  U501-U505. These b u f f e r s  a r e  a l s o  enabled by t h e  

sequencing decoder U401. When t h e  load is completed, t h e  Done 

s igng l  is generated, r e s e t t i ~ g  t h e  load f l i p - f l o p .  

4.2.4 RANDOM NUmER GENERATORS 

Random Number Generator (RNG) 1 c o n s i s t s  of 64 s t a g e s  using t h e  

4 64 polynomial ~+x+x^ '+x +I . It is s h i f t e d  16 times per  DCLOCK 

( a c t u a l l y  e i g h t  times on a clock a t  twice t h e  frequency of 

DCLOCKI . I t  provides  seven b i t s  t o  t h e  Region a r r a y  and f i v e  

b i t s  t o  t h e  S t a t e  a r ray .  Random Number Generator 1 c o n s i s t s  of 

r e g i s t e r s  U106-U108, U207-U210, U311 and exclusive-OR g a t e s  U305- 



0309. Random Number  Generator 2 is a 63 s t a g e  RKG using 

polynomial ~ + x + x ~ ~ ,  s h i f t e d  n ine  times per clock. It provides  

t h r e e  b i t s  of address  t o  t he  S t a t e  a r r ay  and f i v e  b i t s  t o  t h e  

Region array.  In tegra ted  c i r c u i t s  f o r  RNG2 c o n s i s t  of 0708, 

0709, 0808, U809r U908, 3909, 0008, U009 and exclusive-OR g a t e s  

0017-0019. The reset s i gna l  f o r c e s  a 'onem i n t o  both RNGs t o  

ensure t h a t  they will not  lock up wi th  a l l  zeros. The output  of 

t h e  RNGs a r e  buffered  by 3 s  r e g i s t e r s  0606-0608, enabled by GO. 

4.2.5 RAC(S 

Table 4-1 shows h w  t h e  24 4Kxl RAPIS a r e  arranged. 

Table 4-1. Arrangement of RAns 

4.2.5.1 RAM A - The N e x t  S t a t e  RIW is addressed by e i g h t  b i t s  of 

the  RNC and f i v e  b i t s  of its l a s t  output .  The leas t  s i g n i f i c a n t  

b i t  (LSB) of i ts a i d r e s s  is  decoded i n t o  its s e l e c t i o n  i i n e s .  

This  RAM'S output  goes d i r e c t l y  t o  t he  Hold S t a t e  RAM and t o  t he  

output  RAM v i a  p ipe l i ne  r e g i s t e r s  U604 and 0605. 

4.2.5.2 M E !  - The Region RAM is  dressed by 12 b i t s  of t h e  

In tegra ted  C i r c u i t s  

0903, U904, U905, WOOS, 
fJ703r 0704, U705, 0803, 
11804, '5805 

U006, U007, 0706, U707, 
U806, U80?, U906r U907 

U701p 0702, 0801, 0802, 
U301, U902 

f~ 

A 

B 

C 

Function 

Next S t a t e  

Region 

O u t w t  

Arrangement 

8Kx5 

4Kx8 

8Kx3 



m. Its o u t p u t  g o e s  t o  t h e  Output  RAn v i a  p i p e l i n e  registers 

0602 and  0603. 

4.2.5.3 RAN C - The Output  RAM is a d d r e s s e d  by t h e  o u t p u t s  of 

RMs A and B. The LSB of its a d d r e s s  is  decode6 i n t o  s e l e c t i o n  

lines. The o u t p u t  g o e s  t o  o u t p u t  r e g i s t e r  0202. 

4.2.5.4 BOLO STATE - Tbe Bold S t a t e  c i r c u i t  corhs i s t s  of RAN 0508 

and c o u n r e r s  U409, U410. The RAM is a d d r e s s e d  by RM A. I t  is 

loaded  a f t e r  t h e  t h r e e  l a r g e  RAWS and b e f o r e  t h e  GO s i g n a l  is 

s e n t .  The lwer e i g h t  b i t s  of t h i s  RAU a r e  l o a d e d  i n t o  t h e  

c o u n t e r s ,  The ca r ry -ou t  of the c o u n t e r  is used t o  g e n e r a t e  Gate 

and F l ag  s i g - m l s ,  t h e  e n a b l e s  t o  t h e  o u t p e t  r e g i s t e r s  of RAMS A 

and 8. Gate a c t i o n  is  on a ca r ry -ou t  a l l o w i n g  t h e  nex t  s ta te  t o  

be loaded  i n t o  its r e g i s t e r .  F lag  is a c t i v e  Dn e i t h e r  a c a r ry -  

o u t  o r  t h e  n i n t h  b i t  of  the RAM b e i n s  set. Tbus, when t h e r e  is 

no ca r ry -ou t  t h e  s ta te  is he ld ;  and i f  t h e  n i n t h  b i t  is n o t  set, 

t h e  o u t p u t  is h e l d  a l s o .  I n p c t  data is complimented. 

4.2.5.5 DATA PAT!! - Incofiing d a t a  is l a t c h e d  i n t o  r e g i s t e r  U202. 

The HSB of t h e  o u t p u t  of RM C is exclusive-0Red w i t h  t h e  d a t a  

s t r eam and synch ron i zed  a g a i n  by U202. The d a t a  is r e t u r n e d  

t h rough  m u l t i p l e x e r  0601 and l i n e  d r i v e r  UlO4 t o  t h e  

d e c o d e r / d e i n t e r l e s v c t .  When d e s i r e d  t h e  e n t i c e  c a r d  can  be 

bypassed th rough  an  e x t e r n a l  channe l .  The e x t e r n a l  data and 

c lock  a r r i v e s  a t  l i n e  r e c e i v e r  U105 and l e a v e s  th rough  t h e  

a u l t i p l e x e r  and l i n e  d r i v e r .  



Haintenance instructions a r e  provided  i n  t h e  fo l iowing  pa rag raphs  

f o r  bo th  p r e v e n t i v e  and c o r r e c t i v e  a a i n t e n a n c e  of t h e  TPG. 

5.1 

P r e v e n t i v e  maintenance of t h e  TPG c o n s i s t s  of c l e a n i n g  and 

i n s p e c t i o n  procedures .  

5.1.1 CLEANING 

Clean t h e  TFG as necessary ,  based upon v i s u a l  i n s p e c t i o n s .  The 

fo l lowing  itens a r e  needed t o  c l e a n  t h e  equipment: 

1. S o f t ,  l i n t - f r e e  c l e a n i n q  c l o t h  

2. T r i c h l o r o e t h a n e  

3. Sof t - b r i s t l e  brush.  

------- 
WARNING ------- 

The fumes of t r i c h J s r o e t h a n e  a r e  t o x i c .  
Provide  thorough v e n t i l a t i o n  whenever 
used. DO NOT USE NEAR AN OPEN RAHE. 
T r i c h l o r o e t h a n e  is n o t  flammable, bu t  
exposure  of the fumes t o  an  open f lame o r  
h o t  meta l  forms t o x i c  phosgene gas.  

Perf o r r  c l e a n i n g  procedures ,  a s  f ollws: 

1. Clean s u r f a c e s  w i t h  a c l e a n ,  s o f t ,  l i n t - f r e e  c l o t h .  

2.  Clean s u r f a c e s  around s w i t c h  annd i n d i c a t o r  w i t h  a 
soft brush. 



3. Clean painted surfaces with a c loth moistened i n  warn 
soapy ua t t r ,  i f  necessary. 

4, To remwe grease, fungus, or corrosion, u s e  a c lo th  
dampened i n  trichloroethane. 

To ensure t h a t  the TPG is always ready fot -ration, it should 

be inspected so  tha t  defects may be discovered and corrected 

before they resu l t  i n  ser ious damage or fa i lure .  The recommended 

2reventive maintenance inspection procedures t o  be perf orred a r e  

l i s t e d  i n  table 5-1. Other defects  discovered during operaticn 

of the uni t  should be noted for fu ture  correction as so03 a s  

operation h a s  ceased. Stop operation immediatety i f  a deficiency 

is noted during operation which would damage the equipment, 

Table 5-1. Uaintenance Inspecti on  

Item t o  be 
Inspected 

Cabinet 

Switch and 
Indicator 

Cables and 
Connectors 

Procedure 

Check TEG cabinet for cleanlin%ss. 

Check the mechanical action of the 
s w i t c h  for seoothness and proper 
action. 

Check the switch and indicator for 
proper action. 

Check a l l  interconnected cables and 
connectors for cracks and breaks. 
Tighten a l l  connectors. 

S c h c d ~ l  e 

Honthly 

Aofi  t b l  y 

Hont hly 

I 

I 
J 



When t h e r e  is no output  from t h e  TPG check t h e  fol lowing f i r s t :  

1. L o s s  of I n t e r n a l  Clock - The LGADTEST program can hang 
up whi le  a t tempt ing  t o  ioad t h e  TPG RAlls. The symptom 
v i l l  be t h a t  t h e  c a l c u l e t o r  d i s p l a y  . L a d i n g  RAH la 
does no t  change, 

2. Loss of External  Clock - The l o s s  of e x t e r n a l  clock 
v i l l  s t o p  t h e  RNGs. No d a t a  w i l l  go through t h e  TX. 

3. Loss of Randm N u m b e r  Genera tors  - Data v i l l  go 
,hrough t h e  TFG but  t h e  q u a l i t y  b i t s  w i l l  be s tuck a t  
11. R e s t a r t  t h e  RNGs by depress ing  s p e c i a l  func t ion  
key f 2  (START), This  may occur a f t e r  a  l o s s  of t h e  
external c l o c k .  

5.2-2 PBRPORMNCB VERIFICATION 

To v e r i f y  proper performance of t h e  TPG, perform t h e  fo l lowing 

s t eps :  

1 . L a a d  t b e  TPG with a known good s i n g l e - s t a t e  
d i s t r i b u t i o n .  

2. Cmncct  a l o g i c  analyzer  t o  the fol lowing points :  

a. P305-1 SIGN 

c.  U202-4 LSE 

3. Confirm t h a t  t h e  r e l a t i v e  frequency of each of t h e  
e i g h t  p o s s i b l e  ou tpu t s  is c l o s e  t o  its expected valce .  



5.2.3 TROCJBLESEKXYTIIE AIDS 

The following information is included t o  a i d  i n  troubleshooting 

t h e  T#;. 

The q u a l i t y  of the  probabi l i ty  d i s t r i b u t i o n s  may be observed by 

grounding 52-7. This w i l l  cause t h e  test s e t  t o  s t a y  i n  t h e  

s t a t e  it is i n  u n t i l  32-7 is unsrounded. 

To cause the  address counters t o  cycle  without wr i t ing  i n t o  Ms. 

depress RESET on the  ca lcu la tor  t o  go i n t o  LOAD mode and then 

ground J2-5. 

To check t h e  decodec/deinterleavec, incoming da ta  can be forced 

t o  have two types of e r rors .  Se t t i ng  switch S2 located in s ide  

the  f cont panel w i l l  cause the  data  t o  be delayed by one clock. 

Se t t i ng  switch S3, a l s o  i n s ide  t he  f r o n t  panel, w i l l  cause the  

incoming da ta  t o  be inverted,  

5 -2 .4  PLUG-IN CIRCUIT CARD ASSE-LY (CCA) REPLACEHENT 

To replace plug-in CCA proceed a s  follows: 

1. Release the  two f r o n t  panel f a s t ene r s  and lower t h e  
panel. 

2. Lower nylon CCA r e t a ine r ,  



------- 
CAUTION ------- 

To a v o i d  damage t o  c i r c u i t  card 
ejectots, push ejectors back i n t o  
p l a c e  after e j e c t i n g  t h e  card f rcm its 
receptacle; t h e n  p u l l  t h e  c i r c u i t  c a r d  
o u t  of the enc losu re ,  

3. Unseat t h e  c i r c u i t  c a r d  from t h e  r e c e p t a c l e  by f i r s t  
p u l l i n g  outward on t h e  c i r c u i t  card e j e c t o r  tabs, 
After unseat i r rg  t h e  c i r c u i t  ca rd ,  r e t u r n  t h e  e j e c t o r s  
t o  their o r i g i n a l  p o s i t i o n .  

------ 
CAUTION ------- 

E x e r c i s e  g r e a t  c a u t i o n  when p u l l i n g  
o u t  and i n s e r t i n g  t h e  c a r d  n o t  t o  
e x e r t  any p r e s s u r e  t h a t  would bend t h e  
card even a s l i g h t  amount. Any bend 
from s t r a i g h t  may cause  damage t o  t h e  
c i r c u i t  card.  

4. C a r e f u l l y  p u l l  t h e  c i r c u i t  c a r d  s t r a i g h t  o u t  of t h e  
c h a s s i s .  

5. Lay the card on a c l e a n ,  smooth-surfaced workbench 
w i t h  t h e  component s i d e  up. s a n d l e  t h e  c a r d  a t  t h e  
edges. 



------- 
CAUTION ------- 

If an obstruction is f e l t  when 
inserting a circuit  card, remove the 
circuit  card and determine the cause. 
Once the card i s  properly inserted, 
f i rmly exert equal force on both 
ejectors to make certain the card is 
correctly seated. Up to 48 pounds of 
force is required t o  securely seat the 
cards. 

6. Insert the replacement circuit  card assembly in the 
guide s lots  (component side up), and carefully press 
straight i n  until its connector is f u l l y  engaged i n  
the receptacle. Fasten card retainer. Secure the 
front panel fasterners. 



SECTION 6 

LOGIC D1AI;RAIIS 

The f o l l w i n q  l o g i c  diagram is contained i n  t h i s  sect ion:  

CALCULATOR I / O  
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î
A

!

^ i

s

1

ijnw
»i
i

1ta

3

S

i:'

r.

T "
i

iI
-it

11

1
-ft]

i
:!

0

t1
1

'I[1

•;
H

^!1

ill '

•1

1

41

^ •••1

_.. ki
V—J
!

l!
(j

;

i

i

i?i,
|i

1

•

I1
t!

?

f



I

W
L IV

i

1
I

1

J3

, O G

P/-55

7^-56

7V-^/

?/-sf?

P/-ST O

?/-55"

fl-U*

ret

1

1/30% £
f? '[ ' /3
' f?f)T£2l3

^C. NO ufiifj i
s

__ . _ /l-r _~
^ i-A/f-fJrl IF

IN
^LNCZZCLKT
^

/A/ UL

/A /

^ENCRCLKT

/A/

. ^5/x5"

^ 72S7/6P

/;c/

.̂

/;3}£

/in /si
UODI

7) /it-// 0(

•

/
£A2£/ -

l(*

LZ. •

f/sr

CZo/ '
/y

^
?A<? «
•^^5 ^

|A»rc

'5

V>•f

^>

>
>

f1
fJL- .

\ t
Y «

x^*
b'

^>

/
/
/&

7

/<>

?

/¥

/^

•v-*_
SD

r —f\
/y/A/c//c»/
-xix
i\
J.NS.
/I/A/UIUI

LX"̂

fv.
y-\
t/w/
"X"

U^ '

rVl
>l
-̂̂ N

-^
L/J/^

^-̂ £

?
S^
x^

<•
\ v>
X*

^//

^
//

/5
X

lo -̂

'del

* Of

7-

£Xi

n.i

i

1 /̂•
• V.

/

^

- J
fin iff si
lx»i * * O -

r
J_

liZK?uyjf*
r\'M

£ V^v.iX51

N

/y 6/5^2

ucoz
^TV2-
^P

\f(A. &

-"'.

Sv
->/*'/

*

'•'I'l* "" . , .

*/' ^
2. i

I

i /-— - - "Tv/^b^ J^-Ti A ^ - " ^W*f/

a "Zr-zb-^ Sr4-0-/10 • • ' ^) 6}
:

^/

1 1 , /

A ,A *~ Ut(\1 r ^ •S > • /d / 7-7W3t2/A "v, /.? C^3 y° — :^ 4

^ ^l/r /^ 7f* ' " A '/}$ "•" f\
11 At 9
it"' ~ ' 1 • . zscut
/3'l% **
<*L°**
S 5? ^ 7 ' £*&£
^ c/ t-^ • .
^ C-i- 3 -n^\^f LKCUL

^-f^& A ^PC"^/7 O —S, ,«.« . ' •

l y z « 3 ^ z . - . . . - ,' "— / '

" -11
£S/P «-,< -

1 ^(?/

, O/7 /f (/ivl
1 ' ^/ 'IDt'

^242-
. . , .., . U7,0^>

Z ] * <" . 1 ]"2f}&
• ' 7) /O 4'-^^p

AM^7 ! t/£rGl 1

»5 > ^v '^
' /%. CL\

Vtc

li

03&Z V

5//5

SH3W6

SHt,3

7V57V

7V5/0

SHI



I
i

;



ENCC"bi=h DrfTft



i '\

KQLDQUX FRAME'



S6NQF

PI-IT,
n- 15

PI-H
UZOI

pl-L
SiWXT

^LSQTF

/-S/2XT

M
II

,r'5 -

FOLDOUT. FRAME

5HI> U2.-B

SH/y

5HIH

&1W

suit ~Z.LSlB$

T
JSO

to
J_
10

W]W

usoz
S Cr

5 Al VA

$ G

$£& /Pft£

ut

A
•

}

SHL

is

• II

ZU53Z-



PI-

Jtl
A

2L_
£.
7

TV.

3_
H

2>/3

•5m

77

iZ.

7_

1

7

AST

s, /s;/7

II
C1& CP

-5V

j-
_3
±
5

i*

_L
J.
_V
5

C^?
£f

ĉ
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LINKASIT Corpora t i on  war r a n t s  t h e  Modif ied Encoder-Decoder 
and Interleaver-Deicterlearer LV7017B to  be f r e e  f roea d e f e c t s  i n  
m a t e r i a l ,  workmanship, and c o n s t r u c t i o n  a r i s i n g  from normal 
usage. Its o b l i g a t i o n  under t h i s  Warranty is l i m i t e d  to 
r e p l a c i n g ,  or a t  its o p t i o n ,  r e p a i r i n g  any such  d e f e c t i v e  
e q u i p a e n t ,  which a f t e r  r e g u l a r  i n s t a l l a t i o n  and under normal 
usage and s e r v i c e ,  s h a l l  be  r e t u r n e d  w i t h i n  one (1) yea r  f rorn 
t h e  d a t e  of o r l g i n a l  purchase  t o  LINPABIT C o r p o r a t i o n  and which 
s h a l l  be  found to have b e e l  t h u s  d e f e c t i v e  i n  accordance  w i t h  
the p o l i c i e s  e s t a b l i s h e d  by LINKABIT Corpora t i on .  

LINKABIT Corpora t i on  assumes no l i a b i l i t y  f o r  f a i l u r e  to 
perform or d e l a y  i n  performing i t s  o b l i g a t i o n s  with  r e s p e c t  to  
t h i s  Warranty i f  such  f a i l u r e  o r  d e l a y  r e s u l t s ,  d i r e c t l y  o r  
i n d i r e c t l y ,  f r a a  any cause  beyond its c o n t r o l ,  i n c l u d i n g  bu t  
n o t  l i m i t e d  to, a c t s  o f  God, a c t s  of government, f l o o d s ,  f i r e s ,  
s h o r t a g e  of m a t e r i a l s  and l a b o r  and/or t r a n s p o r t a t i o n  d i f f  i c u l -  
ties. 

T h i s  Warranty i s  e x p r e s s l y  i n  l i e u  of  a l l  other agreements  
and w a r r a n t i e s ,  e x p r e s s  or impl ied ,  and LINKABIT C o r p o r a t i o n  
does  n o t  a u t h o r i z e  any person  to assume f o r  j . t  t h e  o b l i g a t i o n s  
c o n t a i n e d  i n  t h i s  Warranty and n e i t h e r  assumes nor a u t h o r i z e s  
any r e p r e s e n t a t i v e  or o t h e r  person  to assume f o r  it  any o t h e r  
l i a b i l i t y  i n  connec t ion  w i t h  such  equipment. 

The Warranty s h a l l  n o t  app ly  to  any equipment which s h a l l  
have been r e p a i r e d  o r  r e p l a c e d  by anyone else o t h e r  t h a n  
LINXABIT Corpora t i on  o r  which has  been subject to  a l t e r n a t i o n ,  
misuse,  neg l igence  or a c c i d e n t ,  or to any equipment which s h a l l  
have had t h e  s e r i a l  number or name a l t e r e d ,  de faced  o r  removed. 
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1.1 SMpe 

This manual describes the modified Eacoder-Decoder and 

Interleaver-Deinterleaver LV7017B, hereinafter referred to as the 

encoder-decoder (figure 1-11. It includes installation, 

operation, and maintenance instructions. The manual provides 

instructions for cleauing and periodic inspection of the 

equipment, troubleshooting, and replacing repair parts. 

Haintenance functions kyond the scope of this manual are to be 

performed by the Contrector, LINKABIT Corporation, a M/A-COE( 

Company, 3033 Science Park Road, San Diego, California 92121. 

Section 2 provides preparation for use and installation 

instr~ctions. Section 3 provides operating instructions. 

Section 4 describes t h ~  theory of operation, and section 5 

contains maintenance instructions. Section 6 contains logic 

dizgrams. 

1.2 

The purpose of the encoder-decoder is to provide coding and 

decoding functions to improve the reliability of transmission of 

digital data in satellite communications links. The encoder- 

decoder is designed for use with modems installed in satellite 

co;munication ground terminals. 

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

bit phase-shift keyed signals for each information bit input to 
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Figure 1-1. LV7017B Encoder-Decoder 



the encoder. The decoder accepts the demodulator outputs and 

cortects errors without using a return communication link barn' to 

the encoder; tnus it is described as a forward error correcting 

decoder. ( A  decoder which ~ s e s  a return link for error 

correction is referred to as an autoaatic-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 inforination rate froa 0 bits- 

per-second (bps) up tc 10 megabi ts-per-second (!!bps) . 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. 

The encoder-decoder consists of a chassis assembly, two panel 

assemblies, and six circuit card assemblies (listed in table 

1-11 . 

The encoder-decoder is of modular construction (figure 1-21 and 

mounts in a standard 19-inch equipment 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 

assemblies. The display and control circuit card assembly is 

mounted on the front panel assembly. ~ l l  controls and indicators 



Table 1-1. Encoder-Decoder Assemblies 

J 

Dug. No. 

21760 

21498 

21494 

21369 

21368 

6042 

21497 

Ref er ence 
Designator 

A2 

AS 

A 1  

A3 

Item 

1 

2 

3 

4 

5 

6 

7 1 
i 

21373 

I 

I 
I 21493 , 
J 

Norcl~clatute 

Assebly, Chassis 

Panel Assembly, Front 

Panel Assembly, Rear 

Circuit Card Assembly, 
Arithmetic 

Circuit Card Assembly, 
Input/Output 

Circuit Card Assembly, 
Path Memory 

Circuit Card Assembly, 

A6 

A4 

8 

9 

4 

Display and Control 

Circuit Card Assembly, 
Interleaver/Deinter- 
leaver 

Circuit Card Assembly, 
Backplane 





f o r  ope ra t i c ;  of t h e  encoder-decoder are l o c a t e d  on t h e  f r o n t  

Pane l  assembly ( f i g u r e  1-11. The f a n  and a l l  e x t e r n a l  c o n n e c t o r s  

are l o c a t e d  on t h e  rear pane l  assembly ( f i g u r e  1-31. 

Plug-in c i r c u i t  c a r d  a s sembl i e s  ~ 1 ,  A 2  and AS, A6 perform t h e  

encoding and decoding f u n t i o n s .  

The f r o n t  pane l  assembly c o n t a i n s  a l l  c o n t r o l s  and i n d i c a t o r s  f o r  

o p e r a t i n g  and t e s t i n g  t h e  encoder-decoder. C o n t r o l s  and 

i n d i c a t o r s  a r e  l i s ted  i n  t a b l e  3-1. The d i s p l a y  and c o n t r o l  

c i r c u i t  c a r d  assembly is a t t a c h e d  t o  t h e  back of  t h e  f r o n t  pane l  

assembly. The f r o n t  pane l  assembly is hinged a t  t h e  bottom t o  

a l low a c c e s s  t o  t h e  d i s p l a y  and c o n t r o l  c i r c u i t  c a r d  assembly and 

t h e  plug-in c i r c u i t  c a r d  assembl ies .  The plug-in  c i r c u i t  c a r d  

a s s e m b l i e s  a r e  removed through t h e  f r o n t .  

The inpu t /ou tpu t  (I/O) connec to r s  J5, 56, 57 a r e  mounted on t h e  

backplan2 c i r c u i t  card assembly,  which is p a r t  of t h e  r e a r  pane l  

assembly ( f i g u r e  1-31, I/O connector  56 c o n t a i n s  a l l  s i g n a l s  t o  

and from t h e  uncoded data sou rce  and s ink .  I / O  connec to r s  5 5  and 

57 have i d e n t i c a l  p i n o u t s  and c o n t a i n  a l l  s i g n a l s  t o  and from t h e  

modem. JS is used on ly  when t h e  interleaver/deinterleaver c a r d  

is n o t  i n s t a l l e d .  J7  is used on ly  when t h i s  c a r d  is i n s t a l l e d .  

The backplane c i r c u i t  card assembly c o n t a i n s  t h e  f o u r  r e c e p t a k i e s  

(J1 through 34)  f o r  t h e  plug-in  c i r c u i t  c a r d  assembl ies .  ( T h e  

power connec tor  is mounted on t h e  r e a r  pane l  assembly.)  





1.4.1 PRIME WWBR REQOIREHENTS 

Vol tage  
C u r r e n t  
Pr equency 
P a w r  

120 v o l t s  ac &lo% 
2.5 amps maximum 
60 Hz & l o % ,  s i n g l e  phase 
175  watts maximum 

1.4.2 SERVICE CONDITIONS 

Opera t i on  Cont inuous 
Temperature  +OOC t o  +50°c 
R e l a t i v e  Humidity 30 t o  70 p e r c e n t  
E l e v a t i o n  Up t o  10,000 f e e t  

1.4.3 INTERFACE CBARACTERISTICS 

I n t e r f a c e  c o n n e c t i o n s  between t h e  encoder-decoder and modem a r e  

accomplished v i a  75 ohm s h i e l d e d ,  t w i s t e d - p a i r  c a b l e s  c a r r y i n g  

ba lanced  c u r r e n t  mode s i g n a l s .  Dr ive r  and r e c e i v e r  c i r c u i t  t y p e s  

and c h a r a c t e r i s t i c s  a r e  a s  fo l l ows :  

L ine  Dr ive r  RS-422 AM)  t y p e  AM26LS31 

L i n e  Receiver  RS-422 A M )  t y p e  AW26LS32 

Data Rate  C a p a b i l i t y  Any d a t a  r a t e  from 0 '-0 
6 Msymbols/sec 

CLOCK S i g n a l s  Nominally one and z e r o  f o r  
equa l  p e r i o d s  of time 



1.5 

Tbe encoder-decoder  is  c a p a b l e  of v a r i o u s  modes of  o p e r a t i o n .  

P r o c e d u r e s  f o r  implement ing t h e s e  modes are c o n t a i n e d  i n  

p a r a g r a p h s  2.2.4.1 t h r o u g h  2.2.4.8. The v a r i o u s  modes are a l l  

programmable by u s e  o f  DIP s w i t c h e s  o r  s o l d e r e d  jumper wires. 

The encoder  is c a p a b l e  of  o p e r a t i n g  i n  two d i f f e r e n t  rates: rate 

1 / 2  o r  rate 1/3. 

The encoder-decoder  is  c a p a b l e  of o p e r a t i o n  w i t h  b i n a r y  phase- 

s h i f t  k e y i n g  (BPSK) modems, quadr  i p h a s e - s h i f  t k e y i n g  (QPSK) 

modems ( r a t e  . 1 / 2  o n l y )  , o r  o f f  set q u a d r i p h a s e - s h i f  t k e y i n g  

!O(IPSK) modems ( r a t e  1 / 2  o n l y )  . Refer  t o  p a r a g r a p h s  4 .I 

t h r o u g h  4.6. 

A b i n a r y  p h a s e - s h i f t  key ing  modem modula tes ,  t r a n s m i t s ,  r e c e i v e s ,  

and  demodula tes  one  b i n a r y  p h a s e - s h i f t - k e y e d  waveform a t  a time. 

I t  d o e s  s o  by u t i l i z i n g  o0 and  180' p h a s e - s h i f t  of a c a r r i e r .  

A q u a d r i p h a s e - s h i f t  k e y i n g  modem modula tes ,  t r a n s m i t s ,  r e c e i v e s ,  

and demodula tes  two p a r a l l e l  b i n a r y  phase - sh i f t -keyed  waveforms 

s i m u l t a n e o u s l y .  I t  d o e s  s o  by u t i l i z i n g  oO, go0, 180°, and  270' 

p h a s e  s h i f t  of a  carrier.  

An o f f s e t  q u a d r i p h a s e - s h i f t  k e y i n g  modem modula tes ,  t r a n s m i t s ,  

r e c e i v e s ,  and  demodula tes  two p a r a l l e l  b i n a r y  p h a s e - s h i f t - k e y e d  

waveforms o f f s e t  i n  time by one-hal f  of t h e  d u r a t i o n  of  t h e  

s i g n a l  waveform. 

The decoder  w i l l  a c c e p t  h a r d  o r  s o f t  d e c i s i o n  d a t a  from t h e  

podem. ( R e f e r  t o  p a r a g r a h  4.1 . )  A h a r d  d e c i s i o n  is  a  one b i t  
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output, 0 or 1, produced by the demodulator a f t e r  processing one 

binary phase-shift-keyed waveform. A s o f t  decision is a three 

b i t  o u t ~ u t ,  000, 001, 010, 011, 100, 101, 110 ,  or 111, produced 

by the demodulator a f t e r  processing one binary phase-shif t-keyed 

waveform. One b i t  is ident ica l  t o  the hard decision output. The 

additional two b i t s  avai lable  in  s o f t  decisions contain 

information about the qual i ty  of the demodulator output and 

therefore permit improved er ror  correction performance by the 

decoder. 

Off-li;.~ a b u i l t - i n  t e s t  c i r c u i t s  a re  provided, enabling the 

encoder-&*coder t o  monitor its own performance and t o  indicate  t o  

the operator when a  malfunction occurs. 

A loop-back t e s t  mode is provided i n  which the encoder output i s  

connected t o  the decoder input through a  bui l t - in  soft-decision 

channel simulator. The encoder clock and data inputs a r e  

in terna l ly  generated and the decoder output can be monitored by 

means of the error  r a t e  counter. The loop-back mode is entered 

as  the l a s t  s tep  i n  the off- l ine bui l t - in  t e s t  sequence. 

An in terna l ly  generated data signal and output error  detection 

c i r c u i t s  a re  provided so tha t  end-to-end l i n k  t e s t s  can be 

performed. When the system is operating i n  i ts  normal on-line 

mode, the encoder takes i ts  data input from the in terna l  pseudo- 

noise ? signal  generator. The PN signal is encoded, 

modulated, and transmitted over the channel. The demodulated 

signal is decoded a t  the receiver. The decoded output can then 

be checked bit-by-bit for  e r rors ,  since the data sequence is  



known. The decoder output e r r o r s  are f e d  t o  the error r a t e  

i n d i c a t o r ,  and t h e  end-to-end l i n k  error r a t e  can be monitored. 



SECTION 2 

PREPARATION FOR USE AND INSTALLATION INSTRUCTIONS 

Equipment should be inspected upon rece ip t ,  a s  follows: 

1. Inspect  the  equipment (unpacked) fo r  damage incurred 
during shipment. If the  equipment has been damaged, 
repor t  t he  damage t o  t h e  Contracting Off icer .  

. Check t h e  equipment (unpacked) aga ins t  t h e  packing 
l lst  shipped with the  equipment t o  see  i f  the  shipment 
i s  complete. Report a l l  d iscrepancies  t o  t h e  
Contracting Off icer .  The equipment should be placed 
i n  s e rv i ce  even though a minor assembly or p a r t  t h a t  
does not a f f e c t  proper functioning is missing or 
damaged. 

The encoder-dezoder can be used i n  various app l i ca t i ons  described 

i n  paragraph 1.5. The operat ing opt ions  can be programmed by 

s e t t i n g  D I P  switches or by connecting or  disconnecting soldered 

jumper wires. The encoder-decoder i s  programmed f o r  i t s  intends? 

operat ing conf igurat ion pr io r  t o  deployment. If the  des i red 

operat ing mode is d i f f e r e n t  from t h a t  which i s  i n s t a l l e d  i n  t h e  

encoder-decoder upon r ece ip t  of equipment, the  encoder-decoder 

m u s t  be reprogrammed. Paragraphs 2.2.4 through 2.2.4.8 descr ibe  

the  methods fo r  implementing t he  programmable i n s t a l l a t i o n  

options. These procedures can be performed before or a f t e r  

i n s t a l l a t i o n  of t he  equipment i n  t he  rack. 



2.2.1 SITE REQOIREHENTS 

There are no specific site requirements for the encoder-decoder. 

The location of the encoder-decoder is determined by the terminal 

si tee 

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 X22 AWG) , if needed for connection 
of a programmable option. 

2.2.3 ELECTRICAL CONNECTIONS 

2.2.3.1 EXTERNAL POWER CONNECTION - After the encoder-decoder is 

installed in the equipment rack, connvct 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 36 is 

the data source/sink connector and is always used. Connectors JS 

and 37 are the nodem connectors. Connector 55 is used only when 

there is no interleaver card in the encoder-decoder. Connector 

57 is used only when the interleaver card is in the encoder- 

decoder. 



Table 2-1. Data Source/Sink Connector S igna l  L i s t  

PAn Number 
( 5 6 )  

Signal  

Shie ld  ) 

Shie ld  
+ ERCLKI - 

Shie ld  - EDATAIN 
+ 

Shie ld  - ENCQDAT 
+ 

Shie ld  
+ DECDATA - 

Shie ld  
+ DRCLKO - 

Shie ld  
+ ENC B/G 3SK 

+ Q / Q  PSK 

- 
+ 1 DSYNC 

Shie ld  

Descr ip t ion  

Symbol rate clock 
t o  encoder 

R Clock t o  encoder 

Data t o  encoder 

Encoder Q-channel 
symbols t o  modem 
(QPSK only)  

Decoded d a t a  from 
decoder 

R Clock from decoder 

Encoder BPSK/QPSK mode 
c o n t r o l  
Decoder Offset/QPSK mode 
c o n t r o l  

Decoder sync s t a t u s  



Table 2-2. Modem Connector 

P i n  Nwber 
( J 5  or 57) 

I 

37 
1 
2 

3  
4 
5 

6  
7  
8 

9 
10  
I1 

12 

j 1 3  1 4  

1 5  
16 
1 7  

1 8  
1 9  
33 

21 
22 
23 

S i g n a l  

' I mC 2RCLKOUT 
S h i e l d  

t ,C I DATA 
S h i e l d  

D2KLK 
S h i e l d  

- 
+ D RCLK 

S h i e l d  

- 
LSBI 

+ 1 S h i e l d  . 

- 
+ HSBI 

S h i e l d  

- 
+ 5651 

S h i e l d  j 

S h i e l d  
CHANERS 

D e s c r i p t i o n  

I 

Symbol c l o c k  from encoder  

I n  QPSK, I channe l  d a t a  
from encoder .  I n  BPSK 
encoded d a t a  from encoder  

Symbol c l o c k  t o  decoder  

R Clock t o  decoder  

LSB of 3 b i t  q u a n t i z e d  
symbol i n p u t  t o  decoder  
( I  Channel i n  QPSKI 

HSB of 3 b i t  q u a n t i z e d  
symbol i npu t  t o  decoder  
( I  channe l  i n  QPSK) 

S ign  b i t  of 3 b i t  
q u a n t i z e d  symbol i n p u t  
t o  decoder  ( I  channe l  
i n  QPSK) 

Channel E r r o r  o u t p u t  

I 

I 



T a b l e  2-2. Hodem Connec to r  (Cont inued)  

P i n  Number 
r 

2 1  ( J 5  o n l y )  
25  ( J 5  o n l y )  
26 ( J S  o n l y )  

27 ( J S  o n l y )  
2 8  ( J S  o n l y )  
29 ( J 5  o n l y )  

30 ( J 5  o n l y )  
3 1  ( J 5  o n l y )  
32 ( J S  o n l y )  

30 (57 o n l y )  
31 ( J 7  o n l y )  
32 (57 o n l y )  

34 (J7 o n l y )  
3 5  
36 

2 0 

I 

S i g n a l  

S h i e l d  
- 1 r.aml 
+ 

S h i e l d  
- 1 m, 
+ 

S h i e l d  1 
- I %No 
+ 

S h i e l d 1  ;!;; + 
- ) OUT 

+ 
- 1 mCLK0 

S h i e l d  

+ DEC B / ~ P S K  

D e s c r i p t i o n  

LSB of  Q c h a n n e l  3 b i t  
quantized symbol i n p u t  t o  
d e c o d e r  (QPSK o n l y )  

HSB of Q c h a n n e l  3 b i t  
q u a n t i z e d  symbol i n p u t  t o  
d e c o d e r  (QPSK o n l y )  

S i g n  b i t  of Q c h a n n e l  3 b i t  
q u a n t i z e d  symbol i n p u t  t o  
d e c o d e r  (QPSK o n l y )  

I n t e r l e a v e r  s y n c  s t a t u s  

R Clock from encoder  

Decoder BPSK/QPSK mode 
con t r 01 

a 



1.1.4 I l l P L M A T Z O N  OF INSTALLATION OPTIONS 

The following paragraphs describe the methods of implementing the  

in terna l  programmable ins ta l l a t ion  options i f  the desired 

operating rode is d i f ferent  from t h a t  which is ins ta l l ed  upon 

receipt of the equipment. The terminals t o  be soldered and the  

switches t o  be set a re  located on the I / O  card, w i t h  the 

exception of the inter leaver  bypass switch which is located on 

the Inter leaver  Card, Refer t o  f igure  1-2 for the locat ions of 

these cards. 

In normal on-line operation, the two ends of the l ink  each 

require the i r  own encoder-decoder ; the encoder portion !.s 

associated with the transmit end, and the decoder w i t h  the 

receive end. Both of these encoder-decoders m u s t  be programmed 

for the same mode of operation. 

2.2.4.1 BPSK, QPSR OR OQPSK INTERFACE - The encoder-decoder is 

factory proqrmmed t o  operate i n  BPSK mode. To se lec t  QPSR mode, 

ground 56-18 and JS-20 on the back panel connectors. To se lec t  

OQPSI mode, ground 56-10, 56-19 and JS-20. 

2.2.4.2 HARD OR SOFT DECISION MDE - The encoder-decoder is 

factory proqrammed t o  operate i n  s o f t  decision mode. To se lec t  

hard decision mode, i n s t a l l  a 1 2 2  AWG wire jumper between P1-27 

and P1-89 on the I/O Card. 

2.2 .4 .3  REVERSE GENERATORS - The encoder-decoder is factory 

programmed so t h a t  the code generator DIP switches a re  s e t  t o  

NORMAL. To reverse encoder code generators, turn DIP switch 1 t o  



OFF. (Swi tch  is  o f f  when s i d e  marked ON is up.) To r e v e r s e  

d e c o d e r  code g e n e r a t o r s ,  t u r n  DIP s w i t c h  8 t o  ON i n  BPSK a n d  t o  

OFF i n  QPSI. For rate  1/3 o p e r a t i o n ,  t h e s e  s w i t c h e s  must  be set 

t o  NORMAL: i.e., s w i t c h  1 t o  ON, s w i t c h  8 t o  OFF. 

2.2.4.4 DIFFERENTIAL CODING - To select d i f f e r e n t i a l  encod ing ,  

t u r n  DIP s w i t c h  2 t o  OFF. To select d i f f e r e n t i a l  decod ing ,  t u r n  

DIP s w i t c h  5 t o  3FF. The encoder-decoder  is f a c t o r y  programmed 

t o  d i s a b l e  d i f f e r e n t i a l  c o d i n g  a n d  decoding.  

2.2.4.5 INVERTING ALTERNATE CEANNEL SYMBOLS - The encoder-  

d e c o d e r  is f a c t o r y  programmed i n  t h e  normal mode; i.e., a l t e r n a t e  

c h a n n e l  symbols  are n o t  i n v e r t e d .  The e n c o d e r  w i l l  i n v e r t  

a l t e r n a t e  c h a n n e l  symbols  when DIP s w i t c h  3 is t u r n e d  t o  OFF. 

The d e c o d e r  w i l l  decode d a t a  w i t h  a l t e r n a t e  c h a n n e l  symbols  

i n v e r t e d  when DIP s w i t c h  4  is i n  t h e  ON p o s i t i o n  on t h e  I /O Card.  

2.2.4.6 CODE RATE - The encader -decoder  is f a c t o r y  programmed t o  

r a t e  1 / 2  cod ing .  To select r a t e  1 /3  c o d i n g ,  t u r n  DIP s w i t c h  6 on 

t h e  I / O  Card t o  t h e  OFF p o s i t i o n .  

2.2 -4.7 PATE UEMRY - LINKABIT makes two d i f f e r e n t  p a t h  memory 

c a r d s  w i t h  d i f f e r e n t  d e l a y s .  The p a t h  memory s w i t c h  a s s u r e s  

c ~ m p a t i b i l i t y  w i t h  e a c h  d e l a y .  Normal o p e r a t i o n  is w i t h  t h e  I/O 

Card DIP s w i t c h  ? t u r n e d  t o  ON. The encoder-decoder  i s  f a c t o r y  

programmed i n  t h e  normal mode. 



NOTE 

The p a t h  memory s w i t c h  is  n o t  normal ly  
moved i n  t h e  f i e l d .  

2.2.4.8 INTERLEAVING - The encoder-decoder  is f a c t o r y  programmed 

t o  d i s a b l e  syabol i n t e r l e a v i n g ,  Symbol i n t e r l e a v i n g  may be 

s e l e c t e d  by throwing t h e  i n t e r l e a v e r  IN/OOT s w i t c h  on t h e  edge  of 

t h e  i n t e r l e a v e r  c a r d  t o  I N .  When t h e  i n t e r l e a v e r  c a r d  is 

i n s t a l l e d ,  t h e  d a t a  i n p u t  t o  t h e  encoder-decoder from t h e  modem 

must use  connec to r  J7. The encoder-decoder w i l l  o p e r a t e  w i t h  t h e  

i n t e r l e a v e r  c a r d  removed i f  t h e  modem connec to r  J5 is used. The 

i n t e r l e a v e r  c a r d  may on ly  be used i n  t h e  BPSK mode of o p e r a t i o n .  



SECTION 3 

OPERATING INSTRUCTIONS 

The encoder-decoder may be used in three modes: duplex link 

communication, link test, and seif test. Duplex link 

communication is the normal mode of cperation for the encoder- 

decoder. In this mode, the encoder-decoder provides channel 

error correction for the communication lhk. The link test mode 

is used to determine channel quality from modem to modem. Pull 

duplex channel testing can be performed using link 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 1 

Encoder-decoder controls and irdicators are shown in figure 1-1 

and described in table 3-1. 



Table 3-1. Controls and Indicators  

Control/Indicator 
I 

MODE, Rotary 
Switch 

ERROR RATE 
2-posi t ion  
toggle switch 

STATUS TEST 
momentary 
push button 

FAULT Indicator 

Position 

OFF-LINE TEST 

ON-LINE TEST 

LINK TEST 

CHANNEL ( 1 

O U T P O T ( X ~ O - ~ )  
( L I N K  TEST 
ONLY 

Depressed 

Function 

Places encoder-decoder i n  
the in terna l  se l f - t e s t  mode. 

Normal mode for  operation i n  
the communication l ink.  

Selects  an in terna l ly  
generated 2047 b i t  pseudo 
noise sequence for  data t o  
be encoded and transmitted 
over the communication l ink.  

Causes ERROR RATE display 
t o  display channel symbol 
error  rate .  

I n  L I N K  or OFF-LINE t e s t  
mode, causes ERROR RATE dis-  
play t o  display decoder out- 
put b i t  e r ror  rate .  In 
ON-LINE mode display always 
displays channel error  rate.  

When the MODE Switch is i n  
OFF-LINE TEST, i n i t i a t e s  
the encoder-decoder se l f  
t e s t .  

Illuminates when a f a u l t  
e x i s t s  i n  the  encoder- 
decoder. 

I 



Table 3-1. Controls  and Ind ica tors  (Continued] 

n 

Control /Indicator 
I 

SYNC Indicator 

I 

ERROR RATE 
d i s p l a y  

b 

POWER Switch 

, 

Puncti  on 

I l luminates  when the  decoder 
i s  i n  sync.  

Displays  channel error r a t e  
a s  a m u l t i p l e  of or 
output error r a t e  a s  a 
mul t ip l e  o f  lo-' a s  
determined by switch 
s e t t i n g .  

Applies  prime power t o  t h e  
encoder-decoder. 

Pos i t i on  

2 



3.2 S 

Before placing the encoder-decoder i n t o  operation, the s i t e  

requirements must be reviewee, and the following control se t t ings  

should be made: 

------- 
CAUTION ------- 

Ensure t h a t  the POWER switch is i n  the 
O F F  posit ion when prime s i t e  power is 
applied, t o  avoid damage t o  in terna l  
c i r c u i t s  of the encoder-decoder. 

1. Set POWER switch t o  O F F  before applying prime s i t e  
power. 

2 .  After prime s i t e  power i s  applied, s e t  controls  for 
normal operation, a s  described i n  tab le  3-2. 

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

the duplex l i n k  communication mode of operation, a s  follows: 

1. Ensure controls  a re  s e t  a s  shown i n  table  3-2. 

2 .  Place MODE switches of encoder-decoders a t  both ends 
of the l i n k  i n  the ON-LINE position. The normal 
duplex 1 i n k  is  now established. 

3. A t  the receive terminal, measure the channel error  
r a t e  by using the ERROR RATE counter, a s  described i n  
paragraph 3.6. 



Table 3-2. Control Settin~s for Normal Operation 

. 
Control 

v 

MODE 

POWER 

ERROR RATE 

i 

Indicator 

POWER 

SYNC 

FAULT 

ERROR RATE 
Counter 

Setting 

ON LINE 

ON 

CHANNEL 
( x 1 ~ - 3 )  

2 

Required Indication 

Illuminated 

Illuminated 

Extinguished 

Detected channel 
error rate 



Off-line t e s t s  a re  controlled by a  microprogrammed processor and 

consis t  of f a u l t  i so la t ion  and loop-back t e s t s .  Thc f a u l t  

i so la t ion  c i r cu i t ry  de tec ts  a  go or no-go condition. When the 

f a u l t  i so la t ion  sequence is terminated, the processor is 

programmed t o  i n i t i a t e  a loop-back t e s t  which provides a  

simulated channel condition signal t o  the encoder. During the 

loop-back t e s t  the simulated channel error  r a t e  of the decoder 

output r a t e  may be selected and displayed on the ERROR RATE 

counter (paragraph 3 - 6 )  . The off- l ine t e s t  program also contains 

provisions for inser t ing a f a u l t  in to  the encoder-decoder and 

indicating whether or not the f a u l t  i so la t ion  t e s t s  detect  the 

f au l t .  

------- 
CAUTION ------- 

Performing off- l ine t e s t s  on the encoder- 
decoder w i l l  in te r rupt  d i g i t a l  user 
communication on e i ther  l i n k ,  transmit, 
or receive, i f  the modem is programmed 
for  external error  coding of the LV7017 
encoder-decoder. 

1. P u t  the MODE switch i n  OFF-LINE TEST position. 

. To perform a loop-back t e s t ,  momentarily depress the 
TEST pushbutton. I n i t i a l l y ,  the FAULT indicator w i l l  
i l luminate momentarily, a f t e r  which the GO indicator 
w i l l  i l luminate and remain illuminated. (Refer t o  
paragraph 4 .11  for explanation of the sequence.) 
Also, the STATUS SYNC indicator is illuminated. 

3 .  Repeat &:ep 2 several times. When the GO indicator 
remains illuminated, the encoder-decoder is  performing 
properly. 



Depressing the TEST pushbutton 
automatically i n i t i a t e s  the loop-oack 
t e s t  (see s tep  2 ) .  T h i s  action w i l l  
commence approximately 3 seconds a f t e r  
operating the TEST pushbutton, and 
w i l l  remain i n  t h i s  mode u n t i l  the 
u n i t  is taken out of the t e s t  mode 
(UODE switch is  ON L I N E  or LINK TEST) 
or u n t i l  s e l f - t e s t  is r e i n i t i a t e d  by 
depressing the TEST pushbutton. 

4 .  During the t e s t  i n  s tep  2 ,  use the procedures i n  
paragraph 3.6 t o  measure simulated channel error r a t e  
or decoded octput error  rate .  The ERP.OR RATE counter 
shculd indicate  050 + l o %  for the channel error  r a t e  
and l e s s  than 006 for t h t  output error  rate.  (See 
paragraph 4 .11.) 

F u l l  duplex channel tes t ing  can be performed during the end-to- 

end l i n k  t e s t .  To perform an end-to-end l i n k  t e s t ,  proceed a s  

1. If the encoder-decoder i s  nonoperational, s e t  the 
switches a s  shown i n  tab le  3-2, except se lec t  L I N K  
TEST. 

2 .  Place MODE switches of the encoder-decoders a t  both 
ends of the l i n k  i n  the L I N X  TEST posit ion for L I N K  
TEST operation. The end-to-end l i n k  t e s t  has now been 
in i t i a t ed .  

3.  Measure e i the r  channel error  ra te  or decoder output 
error  ra te  (paragraph 3.6) a t  the receive termirals by 
using the ERROR RATE counter. The decoder error ra te  
measurement gives r measure of performance of the 
e n t i r e  communication sys tnm from the encoder input a t  
the transmit end t o  the decoder output a t  the receive 
end of the l i n k .  



The ERROR RATE c o u n t e r  can b e  used  t o  measure e i t h e r  c h a n n e l  

error rate  or d e c o d e r  o u t g u t  error  rate.  However, the d e c o d e r  

o u t p u t  error ra te  c a n  be  measured o n l y  when t h e  encoder -decoder  

i s  i n  t h e  OFF-LINE TEST or LINK TEST mofies. 

To u s e  t h e  ERROR RATE c o u n t e r ,  p r o c e e d  as  f o l l o w s :  

1. Change t h e  error s o u r c e  from c h a n n e l  e r r o r ,  t o  o u t p u t  
e r r o r s ,  or from o u t p u t  e r r o r s  t o  c h a n n e l  e r r o r s ,  by 
c h a n g i n g  t h e  s e t t i n g  o f  t h e  CBANNEL/OUTPUT s w i t c h .  

2. When measur ing  CBANNEL error ra te ,  m u l t i p l y  t h e  3- 
d i g i t  o u t p u t  shown on t h e  ERROR RATE d i s p l a y  by l o w 3  
(0 .001) .  Thus 013 becomes 013 x  0.001 = -013.  

3 .  When measur ing  OUTPUT e r r o r  r a t e ,  m u l t i p l y  t h e  3 - d i g i t  
o u t p u t  by lo-' (0 .00001) .  Thus 056 x 0.00001 = 
.00056. 

NOTE 

The maximum c o u n t  is  999 on t h e  3 - d i g i t  
i n d i c a t o r .  T h i s  c a n  n e v e r  be  exceeded  
when measur ing  c h a n n e l  error  rate. If 
t h e  maximum c o u n t  is exceeded  when 
m e a s u r i n g  o u t p u t  error rate ,  t h i s  can  be 
t a k e n  t o  be  a n  i n d i c a t i o n  of a 
m a l f u n c t i o n  somewhere i n  t h e  sys tem.  



SECTION 4 

THEORY OF OPERATION 

4.1 

The encoder-decoder enhances communication system performance 

over a s a t e l l i t e  l i n k  bv cor rec t ing  e r r o r s  due t o  noisy 

environment. The e r ro r  cor rec t ion  process begins by adding 

redundancy t o  a  d i g i t a l  dacr; stream by means of an encoder 

located a t  the  t ransmit  end of the  l i nk .  A t  the  receive ead, a  

decoder uses t h i s  redundancy t o  co r r ec t  almost a l l  the  e r r o r s  

introduced by the  channel. 

Encoding is  accomplished by means of a  convolutional  encoder 

having a  code r a t e  of 1 / 2  or 1 /3  and a cons t r a in t  length cf 

seven. T11e r a t e  1/2 r e f e r s  t o  t he  f a c t  t h a t  each information b i t  

i n t o  the  encoder is  encoded i n t o  tt*o channel symbols, Similar ly ,  

the  r a t e  1/3 r e f e r s  t c  t he  f a c t  t h a t  each information b i t  i n t o  

the  encoder is encoded i n t o  khree channel syvbol-. A cons t r a in t  

length of seven ind i ca t e s  t h a t  the  encodei. outputs,  wher an 

information b i t  is  input, a r e  determined by the  present  

information b i t  and the  previous s i x  information b i t s .  

The decoder is implemented using a  technique known a s  the  Vi te rb i  

decoding algorithm. The symbols received from the  :-hannel, and 

thus  po t en t i a l l y  noisy, a r e  fed t o  the  decoder by the  

demodulator. The decoder outputs one information b i t  fo r  each 

two cr th ree  symbols, depending on code rL te .  Due t o  t h e  

complexity of the  l r i t e rb i  algorithm, t he re  is  a  delay of 7 2  b i t  

times from the  time the  channel symbols en te r  the  decod~:  t o  t he  



time the associated information b i t  emerges i n  its decoded form 

a t  the decoder output. 

The decoder can accept demodulated data i n  e i the r  of two formats 

(paragraph 1.5) . The f i r s t ,  termed hard decision, involves each 

Cecadulated symbol being represented &s a logical  .lm or a 

logical  .Om. T h i s  is the most common form for d i g i t a l  data. In 

the second format, termed s o f t  decision, each symbol is 

represented by three b i t s :  a sign b i t ,  which is ident ical  t o  the 

hard decision output, plus two magnitude b i t c  which give a 

measure of the qual i ty  of the data. Use of s o f t  decision data 

yields a s ignif icant  performance improvement over hard decision 

(paragraph C .2) . 

A technique known as d i f fe ren t i a l  coding is often used t o  

eliminate cer ta in  ambiguities present i n  BPSK and 9PSX modems. 

The technique involves reformatting the or iginal  datq stream in to  

one i n  which information is contained i n  symbol t ransi t ions.  The 

encoding process looks a t  the present information b i t  and the 

previous Lransmitted symbol. If the present information b i t  is a 

one, the d i f fe ren t i a l ly  encoded symbol is  the inverse of the 

previous transmitted symbol. If the present information b i t  is a 

zero, the d i f f e ren t i a l ly  encoded b i t  is  the same as  the previous 

t r a n s ~ i t t e d  symbol. To d i f fe ren t i a l ly  decode, a one is  output 

whenever the received symbol changes and a zero wben there is  no 

change. 

Wi th  the interleaver card ins ta l led  and switched i n ,  coded 

synbols are  interleaved by a periodic inter leaver .  After 



demodulation, received channel symbols a re  then dtinterleaved. 

T h i s  process is used t o  diminish the e f f e c t s  of bursts  of noise 

by spreading the burst  over widely scat tered ( i n  time) symbols. 

The c: unsrission of d i g i t a l  data over a  s a t e l l i t e  communications 

l i n k  typical ly  r e su l t s  i n  random e r ro r s  i n  the data sent from the 

demodulator t o  the data s i n k .  These e r ro r s  a re  primarily caused 

by the noise inherent i n  the s a t e l l i t e  l i n k .  The performance of 

a  d i a i t a l  communication l i n k  is generally measured i n  terms of 

the averaae b i t  error  r a t e  a t  the d i g i t a l  output of the l ink.  

Average b i t  error ra te  is determined by dividing the number of 

bit. e r ro r s  occurring i n  a  large sample of b i t s  by the t o t a l  

number of b i t s  i n  the sample. The resul t ing number is the b i t  

error  probabili ty,  a l so  referred t o  a s  the average b i t  error  

rate.  For example, i f  i t  is determined tha t  40 e r ro r s  have 

occurred i n  a t o t a l  of 13,000 b i t s ,  the b i t  error  probabili ty is 

40/10,000 or 4 x 

The b i t  error  probabili ty produced by a s a t e l l i t e  communications 

l i n k  is a  function of the data r a t e  and the signal-to-noise r a t i o  

present a t  the modem receiver i n p u t .  A t  higher data ra tes ,  more 

signal power is required t o  achieve the same error rate .  

Ideally,  the dependence of b i t  error  probabili ty on data ra te  for 

a given signal-to-noise r a t i o  may b= removed by redefining 

signal-to-noise a s  

Fb/No - signal power t o  noise power i n  bandwidth 
equal t o  data rate .  



Alternately, t h i s  r a t i o  cay be viewed a s  the r a t i o  of the signal 

energy i n  one b i t  (Eb)  t o  noise power i n  one cycle of bandwidth 

(No) a l te rna te ly  termed noise density. The b i t  error  probabili ty 

a s  a function of Eb/No can now be plotted a s  a s ingle  curve for  

a l l  data r a t e s  a s  i l l u s t r a t e d  i n  f igure  4-1. 

A s  shown i n  f igure 4-1, i f  only d i f f e r e n t i a l  coding is used, the 

signal-to-noise r a t i o  (Eb/No) required t o  obtsin i l o w  b i t  e r ror  

r a t e  is higher than t h a t  required t o  obtairj the  same error  r a t e  

w i t h  e i ther  hard or sof: decision ra te  1 / 2  decoding. Po r  

example, i f  a user required an error  ra te  equal t o  or l e s s  than 

1 x lo-', the minimum signal-to-noise r a t i o  (Eb/N,) needed t o  

support t h i  s requirement using only d i f f e r e n t i a l  coding i s  +9.5 

dB. I f  Viterbi s o f t  decision r a t e  1 / 2  decoding is used, the 

signal-to-noise r a t i o  required is reduce2 t o  +4.5 dB. Stated 

another way, it can be s a l t  t h a t  r a t e  1,'2 Viterbi s o f t  decision 

decoding provides a coding gain of greater than 5 dB. Using t h i s  

def ini t ion,  it is seen t h a t  the coding gain for hard decision 

operation is  about 3 dB, i l l u s t r a t i n g  the 2 dB performance 

improvement afforded by so f t  decision over hard decision 

operation. 



Figure 4-1.  Theoretical PSK Modem B i t  Error Rate 
Performance for Various Rate 1/2 Coding Configurations 



4.3 

Since the encoder-decoder w i l l  o p e r a t ~  w i t h  both PSI( and QPSK 

modems, the encoder-decoder mus t  be capable of accepting/ 

generating e i the r  one s e r i a l  ra te  S symbol stream or two pa ra l l e l  

r a t e  R symbol streams. The clock s ignals  a re  of such frequency 

tha t  one cycle of the R clock is equal t o  a uni t  in terva l  of the 

data signal and two (or three i n  r a t e  1/31 cycles of the S clock 

a re  equal t o  one un i t  interval  of the data signal. The 

relat ionships of the receiver and transmitter data and clock 

in ter faces  for BPSK and QPSK a re  shown i n  f igures  4-2, 4-3, and 

4-4. The OQPSK data format is  shown i n  f igure  4-5. The 

functional interfaces  for  s e r i a l  (BPSK) and pa ra l l e l  (QPSK and 

OQPSR1 operation a re  described i n  paragraphs 4 .4 ,  4.5, and 4.6. 

I n  the s e r i a l  symbol mode, the encoder-decoder in ter faces  w i t h  a 

BPSK modem (f igure  4-61. The modulator accepts the data a t  r a t e  

R, conditions it, and interfaces  w i t h  the convolutional encoder. 

The encoder returns a s ingle  coded stream of encoded syc~bols a t  

r a t e  S t o  the modem. A t  the receive end of the l i n k ,  the modem 

output (e i ther  hard or s o f t  decision),  is interfaced w i t h  the 

decoder a t  r a t e  s for Viterbi decoding. The decoded data is 

returned t o  the demodulator for output conditioning. The 

appropriate clock accompanies data across a l l  interfaces.  
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Figure 4-5. Offset (OQPSK) Data Format 
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4.5 5 

In the para l le l  symbol mode ( r a t e  1 / 2  only) ,  the encoder-decoder 

in ter faces  w i t h  a  QPSK modem (f igure  4-71. The modulator accepts 

the data, condi tims it, and in ter faces  w i t h  the convolutional 

encoder. Two pa ra l l e l  encoded streams a t  r a t e  R a re  returned t o  

the modem. The receive modem output (e i ther  hard or s o f t  

decision) is formatted i n t o  two para l le l  symbol streams a t  r a t e  R 

and i s  interfaced w i t h  the Viterbi decoder. The decoded data is 

returned t o  the demodulator for output conditioning. The 

appropriate clock accompanies data across a l l  interfaces.  

4.6 4 

I n  t h i s  para l le l  symbol mode ( r a t e  1 / 2  only) ,  the encoder-decoder 

interfaces  w i t h  an o f f s e t  QPSR modem i n  which the quadrature 

channels (I and Q) a re  o f f se t  i n  time, the Q channel t r a i l i n g  the 

1 channel by 1 / 2  b i t  time. T h i s  o f f se t  is  accomplished i n  the 

modulator a f t e r  the encoding process. The interface arrangement 

is shown i n  f igure  4-8. The modulator-encoder interfaces  a re  

similar to  those i n  paragraph 4.5 except both the R and 2 R  clocks 

a r e  present. The demodulator returns two pa ra l l e l  symbol 

streams, o f f se t  i n  time, t o  the decoder a t  r a t e  R. The decoded 

data is returned t o  the demodulator for output conditioning. The 

appropriate clock accompanies data across a l l  interfaces.  
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4.7 

A f a t e  l / n ,  constraint  length seven, convolutional encoder 

consis ts  simply of a  7-stage s h i f t  reg is te r  w i t h  n par i ty  check 

networks, each connected t o  a  d i s t i n c t  subset of the s h i f t  

reg is te r  outputs. An encoder is shown i n  block diagram form i n  

f igure  4-9. The n encoded output symbols a re  then formatted 

according t o  the par t icular  mode of operation. The encoder is  

physically located on the input/output c i r c ~ i t  card. 

4.8 

The method of decoding used i n  the equipment is an implementation 

of the Viterbi decoding algorithm. The decoder turns out to be 

much more complex than the associated encoder. Furthermore, the 

complexity of the decoder i s  de?endent on the constrain, length 

cf the code; i n  t h i s  case, the constraint  length is  R = 7 .  

The algorithm c a l l s  for the performance of 2 K-l = 6 4  ari thmetic 

operations during each b i t  time, the output of each operation 

being a  decision b i t  and a  m u l t i b i t  number cal led a  s t a t e  metric. 

The data i n ~ u t  from the associated modem demodulator i s  

reformatted i n t o  four m u l t i b i t  numbers cal led branch metrics, and 

a re  used, along w i t h  the stored metrics, during the ari thmetic 

operations. 

The 6 1  decisions a re  stored i n  a  memory section cal led the path 

memory, and the 64 s t a t e  metrics ( M 1  through M64) a re  stored i n  

the metric memory. The s t a t e  metrics a re  updated each b i t  t i ne ,  

b u t  the decision b i t ;  a re  retained for a  min imum of 32  b i t  times. 
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It is from the decision b i t s  ( D l  through D64) stored i n  the path 

memory tha t  the decoded b i t  is  selected, once eazh b i t  time. 

The decision b i t s  stored i n  the path memory a re  arranged i n  64 

groups cal led paths. One s t a t e  metric is associated w i t h  each of 

the 64 paths. The decoding process then involves select ing the 

path w i t h  the best s t a t e  metric ( i n  t h i s  case, best means 

smallest valued), and the oliiest decisioa b i t  associated with 

t h i s  best path is then selected a s  the deccded b i t .  

A block i?iagram of the decoder is shown i n  f igure 4-10. The 

input section contains a l l  the c i r c u i t s  necessary for formatting 

the data and forming the four branch metrics. 

The arithmetic processor uses the four branch metrics and 64 

s t a t e  metrics t o  perform the requlred 64 cperations, generating 

64 updated s t a t e  metrics which are  restored i n  the metric memory. 

The arithmetic Frocessor and the metric memory combine t o  make up 

the arithmetic section. The ari thmetic processor a l so  includes 

c i rcui t ry  for determining the best s t a t e ,  i .e.,  the lowest valued 

s t a t e  metric. 

The 64 decision b i t s  generated by the ari thmetic jrocessor a re  

sent t o  the path memory where they a re  stored. The output 

section uses the data stored i n  the path memory and the best 

s t a t e  output from the a r i+ ' i e t i c  processor t o  se lec t  the decoded 

output b i t .  

The i n p u t  section and portions of the output section a re  located 

on the input/output c i r c u i t  card A 2 .  The remainder of the output 

4-16 
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section and the path memory are  located on the path memory 

c i r c u i t  card A3.  The arithmetic section, consisting of the 

ari thmetic processor and the metric memory a re  located on the  

ari thmetic c i r c u i t  card. 

4.9 S 4 9 T  - F m  

The cn-line and off- l ine f a u l t  detectors  and indicators  using 

bui l t - in  t e s t  c i r c u i t s  a r e  described i n  paragraphs 4.10 and 4.11. 

Refer t o  paragraph 3.2 for a description of the function of the 

on-line f a u l t  indicator. The on-line monitoring cons is t s  of both 

s t a t i c  and dynamic test ing.  

The on-line dynamic t e s t  c i r c u i t s  consis t  of the following: 

1. Encoder f a u l t  detector 

2. Decoder f a u l t  detectcr 

3. Error counter, which dr ives  the f ront  panel ERRCR RATE 
display 

4.  Clock f a u l t  detector,  which generates a f a u l t  s ignal  
when a clock s ignal  is interrupted. 

An on-line t e s t  mode, ca l led  the LINK TEST, is provided t o  

f a c i l i t a t e  t e s t ing  of complete communication l i n k s .  The b u i l t - i n  

pseudo-noise generator is  used cs the data input t o  the encoder; 

otherwise the encoder-decoder operates i n  i t s  normal an-line 

mode. A t  the decoder, since the data sequence is  known, both the 

decoder output error r a t e  and the channel error  r a t e  can be 

measured using the procedures of paragraph 3.6. The procedures 

for entering the LINK TEST mode are  described i n  paragraph 3.5. 

4-18 



4.11 1 - 
The off- l ine t e s t s  consis t  of f a u l t  i so la t ion  and loop-back 

t e s t s .  The bui l t - in  t e s t  equipment for  performing these t e s t s  

includes a pseudo-noise data senerator, error  detector,  and a 

d i g i t a l  noise generator. A microprogrammed processor controls  

the  bui l t - in  t e s t  c i r c u i t s  i n  the f a u l t  i so la t ion  procedure. 

The f a u l t  i so la t ion  t e s t  de tec ts  a go or no-go condition. When 

the  llODE switch is i n  the OFF-LINE TEST position and the TEST 

pushbutton i s  depressed, the microprogrammed processor i n i t i a t e s  

a s e r i e s  of t e s t s  which provide a go or no-go indication. If a 

no-go condition exis t s ,  the FAULT indicator is illuminated. 

These t e s t s  do not, of course, detect  every possible f au l t .  The 

t e s t s  a re  designed t o  isol-ate those f a u l t s  which a re  most l ike ly  

t o  occur i n  the encoder-decoder. The t e s t  program includes a 

BITE se l f - t e s t  which i n s e r t s  predetermined f a u l t s  in to  the 

encoder-decoder. A momentary illumination of the FAULT 

indicator,  short ly  a f t e r  cycling the TEST pushbutton, is proper 

and indicates t h a t  the se l f - t e s t  c i r c u i t s  have detected the 

inser ted fau l t .  After detection, these f a u l t s  a re  removed and a 

steady illumination of the FAULT indicator s ignals  a t rue  f au l t .  

The loop-back t e s t  ( f igure 4-11) is the l a s t  s tep  of the off- l ine 

t e s t  sequence and is automatically enabled a f t e r  the f a u l t  

i so la t ion  procedure is completed. An internal  osc i l l a to r  

provides the clock source and the pseudo-noise generator output 

is used as  the encoder data input. The encoded output i s  passed 

t o  the d i g i t a l  noise generatGr which simulates the channel noise 

end puts out a signal which simulates the s o f t  decision modem 
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ou tpu t .  T h i s  c o r r u p t e d  v e r s i o n  of t h e  encoder o u t p u t  is t h e n  f e d  

t o  t h e  decoder.  The ERROR RATE coun te r  and d i s p l a y  can  now be 

used t o  measure e i t h e r  t h e  s i m u l a t e d  channe l  error r a t e  or 

decoder  o u t p u t  e r r o r  r a t e .  (Refer  t o  paragraph  3 . 6 .  The 

channe l  error rate shou ld  r ead  approximate ly  0.050 and t h e  o u t p u t  

error rate  should  be less t h a n  0.00006. 



SECTION 5 

HAINTENANCE INSTRUCTIONS 

5.1 

T h i s  chapter provides preventive and correct ive maintealance 

ins t ruc t ions  for the encoder-decoder. I t  lists tools ,  t e s t  

equipment, and materials needed t o  troubleshoot the encoder- 

decoder, t race f a u l t s  t o  chassis  mounted d iscre te  par t s ,  and 

replace defect ive c i r c u i t  card assemblies and chassis  mounted 

d iscre te  parts.  Maintenance inspection and repair  procedures i n  

t h i s  chapter a re  for  those pa r t s  which may be replaced a t  the on- 

s i t e  leve l  of maintenance. 

Tools, t e s t  equipment, and materials required for  maintaining, 

troubleshooting, and repairing the encoder-decoder a re  l i s t e d  i n  

t ab le  5-1. 

5.2 

To ensure tha t  the encoder-decoder is always ready for operation, 

i t  mus t  be inspectea systematically so t h a t  defects may be 

discovered and corrected before they resu l t  i n  serious damage or 

f a i lu re .  Recommended preventive maintenance checks and services  

t o  be performed a re  l i s t e d  i n  tab le  5-2. Defects discovered 

during operation of the u n i t  should be ncteu for fu ture  

correction t o  be made a s  soon a s  operation b a ~  cessed. Operation 

should be stopped immediately if  a defic~en-1. LS noted during 

operation which would damage the equipment, 



Table 5-1. Tools ,  T e s t  Equipment, and Mater ia l s  

b 

Item 

Tool k i t  

Mu1 t i m e  ter 

Trichloroethane  

Cleaning c l o t h s  

Brush 

Grease 

Loctite 

Wire 
I 

1 

Descr ip t ion  
, 

Common e l e c t r o n i c  r epa i r  t o o l s  

Hewlett-Packard EP4106, or  equ iva l en t  

S o f t  b r i s t l e  

MIL-G-23827, or equ iva l en t  

Grade EV t77  (MIL-S-22473) 

Hookup, AWG #22 (YS20995C20) 



Table 5-2. Preventive Maintenance Checks and Services 

L 

ITEM TO BE 
CHECKED 

Encoder-Decoder 

Switches 

Fan 

Cables and 
Connectors 

Off-line t e s t  

PROCEDURE 

Check equipment for  
cleanliness.  

Check mechanical 
act ion for smooth- 
ness and posi t ive 
detent action. 

Check t h a t  fan is 
operating by 
sensing airflow. 

Check a l l  in ter -  
connecting cables 
and connectors for 
cracks and breaks. 
Tighten a l l  con- 
nectors. 

Perform OFF-LINE 
TEST. 

+ 

SCBEDULE/ACTION 

Daily/Refer t o  para- 
graph 5.2.1 far  clean- 
ing instruct ions.  

Daily/Ref er  t o  removal 
and replacement 
(paragraph 5.3.21.  

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

Weekly/Ref er t o  para- 
graph 2.1.  

Daily/Refer t o  para- 
graph 3.4. 



5.2.1 CLEANING 

Perform cleaning procedures a s  follows: 

---- --- 
WARN LNG ---- --- 

The fumes of tr ichlor3ethane a re  toxic. 
Provide thorough vent i la t ion  whenever 
used. DO NOT USE NEAi? AN OPEN FLAME. 
Trichloroethane is  not flammable, bat 
exposure of the fumes t o  an open fiame or 
hot metal forms toxic  phosgene gas. 

------- 
CAUTION ------- 

Do not allow trichloroethane t o  enter 
'humbwheel switches. 

Do not use on or allow trichloroethane t o  
touch c i r c u i t  card assemblies. 
' i ~ ~ c h l o r o e t h a n e  w i l l  damage the conformal 
coating on these assemblies. 

1. Clean exter ior  surfaces w i t h  a clean, so f t ,  l i n t - f r ee  
cloth.  

2 .  Clean areas  around switches and indicators  w i t h  a s o f t  
brush. 

3. To remove grease, fungus, or corrosion, use a c loth 
dampened i n  trichloroethane. 



5.3  . 1 TROOBLBSBOOTING 

This section contains troubleshooting procedures ( t ab le  5-31 t o  

i s o l a t e  a f a u l t  i n  t h e  encoder-decoder t o  a defective c i r c u i t  

card assembly or part.  Test points use5 during ,rocbleshooting 

a re  shown i n  f igure  5-1. Most encoder-decoder f a u l t s  w i l l  be 

quickly isolated by use of the OFF-LINE TEST method and the 

multimeter (paragraph 3 . 4 ) .  When the use of the multimeter is 

required for  f a u l t  i so la t ion ,  the required meter indicat ions a r e  

shown i n  the troubleshooting'chart  i n  t ab le  5-3. Ensure tha t  the 

desired programmable ins ta l l a t ion  options a re  ins ta l led .  (See 

paragraphs 2.2.4 through 2.2.4.8.) 

5.3.2 REMOVAL AND REPLACEMENT PROCEDURES 

When trouble has been localized t o  a circuit card assembly or 

par t ,  the defective par t  should be removed and replaced, a s  

described i n  the following paragraphs. 

5.3.2.1 FUSE - The fuseholder is  mounted on the rear panel 

( f igure  1-21.  To remove and replace the fuse, proceed as  

follows: 

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

2.  Push  t h e  replacement fuse in to  the fuseholder cap 
u n t i l  it s e a t s  properly. 

3 .  Replace t h e  cap i n  i t s  receptacle and turr: t o  lock. 





Table 5-3. Troubleshooting Chart 

r 
Item 
No. 

L 

1 

2 

3 

I 

Symptom 

When POWER switch 
is s e t  t o  ON, fan 
does not s t a r t  
and POWER indica- 
tor dces not 
illuminate. 

When POWER switch 
is s e t  t o  ON, fan 
does not s t a r t ,  
but POWER indica- 
tor illuminates. 

When POWER switch 
is s e t  t o  ON, 
POWER indicator 
does not i l l u -  
minate, b u t  fan 
s t a r t s .  

Probable Cause 

a. Blown fuse 

b. Primary power 
is absent. 

c. Cefective 
primary power 
cable assem- 
b l y .  

a, Defective fan 

a. VCC t o  ground 
short  on one 
or more of the 
c i r c u i t  card 
assemblies. 

I 

4 

Corrective Action 

a. Check Slown fuse 
indicator.  If 
illuminzted, re- 
place fuse (para- 
graph 5 . 3 . 2 . 1 ) .  

b. Check connector 
a t  source input 
and cable con- 
nection a t  rear 
of encoder- 
decoder. 

c.  Check continuity 
of cable and re- 
place i f  defec- 
t ive.  

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

a. Turn POWER s f  f .  
Remcve a c i r c u i t  
card. Turn POWER 
on. If  POWER 
indicator l i g h t s ,  
replace the card 
rerncved. If not, 
repeat for a l l  
c i r c u i t  card 
assemblies. 



Table 5-3. Troubleshooting c "s:.: t (Continued 

L 

Item 
No. 

3 

4 

4 A  

4B 

* 

Symptom 

Continued 

FAULT Indicator 
i l luminates 

! 

Probable Cause 

b. Defective 
backplane . 

c. Defective 
power supply. 

a. F a u l t  i n  one 
,r more c i r -  
c u i t  cards. 

- .  

Cti rec t ive  Action 

b. Power down. With  
a l l  C C A r s  removed 
make continuity 
check from VCC 
t o  ground termi- 
nal s on backplane . 
Replace i f  short- 
ed. 

c. Replace power 
supply 

Probe points A-F 
on display and 
control board, a s  
shown in  f iau-e 
5-1. Fault is  
indicatt-d by the 
presence of a 
logic  zero a t  any 
of these points. 
Proceed t o  4 A ,  48, 
4C, 4D,  4 E  or 4F 
a s  indicated. If 
none a re  logic  
zero, replace d i s -  
play and control 
card. 

a. Reseat or replace 
Arithmetic card 
as  necessary. 

a. Reseat or re- 
place I / O  card 
as  necessary. 

4 

P i n  A shows FAULT 

Pin B shows FAULT 

I 

a. Arithmetic 
card irnprop- 
s r l y  seated 
or defective. 

a. I/O card 
improperly 
seated or 
or defective. 



Sable 5-3. Troubleshooting Chart (Continued) 

. 
X t em 
No. 

4C 

4D 

4 E  

4F 

Symptom 

Pin C shows FAULT 

P i n  D shows FAULT 

P i n  b shows FAULT 

P i n  F shows FAULT 

STATUS SYNC a. Improperly 
indicator does seated or de- 
not illumi.?at e, fect ive c i r -  
and FAULT does cuif  card. 
not ill ~ ~ i c a t e  
3urinc . f f - l ine  
tes t s .  

Probable Cause 

a. Path memory 
card improp 
e r ly  seated or 
defective. 

a. Rcseat c i r c u i t  
cards. If f a l ~ l t  
remains, replace 
c i r c u i t  cards 
one a t  a time. 

A 

Corrective Action 

a. Reseat or re- 
place path 
memory card 2s 

necessary. 

a. Encoder is I a. Replacs I / O  
ma1 f unct ion- 
ing. 

a. Decoder FAULT 

a. Clock f a u l t  

card. 

a. Perform OFF-LINE 
TEST and take 
correct ive action 
a s  indicated by 
s t a t e  of pins A, 
B and C. 

a. Verify presence 
due t o  i m -  I of encoder clock 
proper cnn- 
nection. 

b. Clock f a u l t  

inputs ana de- 
coder clock 
inputs. 

b. Perform OFF-LINE 
due t o  c i r -  i TEST and take 
cui t card correctrve ac- 
fa i lure .  

I 
t i on  a s  indjca- 
te6 by s t a t u s  
of p i n s  A, B, and 
C. 



Table 5-3. Troubleshooting Chart (Continued) 

I 

P t e m  
No. 

5 

SY lap-@ 

Continue ? 

Probable Cause 

h.  D e f e c t i v e  I / O  
c a b l e .  

2. D e f e c t i v e  dis- 
play  and con- 
t r o l  c i r c u i t  
card. 

d.  D e f e c t i v e  
backplane ci r- 
c u i t  card. 

Correct ive  Action 

b. Perform c o n t i -  
nu i ty  check on 
110 c a b l e  and 
replace  i f  f a u l t y .  

c .  Replace d i s p l a y  
and contro l  c i r -  
c u i t  card. 

d.  Replace backplane 
c i r c u i t  card. 



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

plug-in c i r c u i t  card assemblies, proceed a s  foll3ws: 

1. R ~ l e a ~ e  the two front  panel fasteners  ( f  iqure 1-11 and 
lower the panel. 

2 ,  Identify the c i r c u i t  card assembly ( f igure  1-21 t o  be 
removed. To remove the input/output c i r c u i t  card 
assembly card (card 31, disconnect the f l a t  cable 
connector. 

3. Unseat the c i r c u i t  card froui the receptacle by f i r s t  
pulling outward on t h e  c i r c u i t  card ejector  tabs. 
After unseating the c i r c u i t  card, return the e jec tors  
t o  t h e i r  or ig ina l  position. 

4. Carefully pull  the c i r c u i t  card s t r a i g h t  out of the 
chassl s. 

5. Lay the card on a clecn workbench w i t h  the component 
s ide up. Handle the card a t  the edges. 

6.  Inser t  the replacement c i r c u i t  card assembly i n  the 
guide s l o t s  and careful ly  press s t r a i g h t  i n  u n t i i  i ts  
connectar is fu l ly  engaged i n  the receptacle. Secure 
the f ront  panel fasteners. 

5.3.2.3 REPLACEMENT 3F DISPLAY AND CONTROL CIRCUIT CARD - T O  

remove and replace the display and control c i r c u i t  card, proceed 

as  follows: 

1. Hemove dress  n u t s  and washers from a l l  f:ont panel 
toggle m i t c h e s  except the PCWER switch. Loosen the 
setscrew on the MOrE switch knob and remcve the knob 
and dress  nut. 

2 .  Open the  front  panel, and remove cables from col~nectcr 
5 8 .  

3. Unsolder the FAULT and SYNC LE3 leads a t  the rear of 
the Display and Control Card. 

4 .  Remove the s i x  c i r c u i t  card mounting screws, f l a t  
washers, and lockwashers ( f igure  1 Remove the 



c i r c u i t  card from the front  panel. The FAULT and SYNC 
LED8 w i l l  remain w i t h  the f ront  panel. 

5 ,  Position the replacement c i r c u i t  card ca iefu l ly  over 
t h e  L6D leads and centered over the standoff holes 
from which the s i x  screws and washers were removed i n  
3. 

6. I n s t a l l  the replacement c i r c u i t  card using lrhe sir 
screws, and solder the LED leads t o  the card. Connect 
the cable removed i n  s t ep  2 t o  J8. 

7. Close and secure the f ront  panel. Replace the toggle 
switch washers and dress nrts and the WDE switch knob 
and dress  n u t  removed In : t a p  1. 

5.3.2.4 REPLACEMENT OF 5-JOLT POWER SUPPLY - To remove and 

replace the 5 vol t  power supply, proceed a s  f o l l w s :  

1. Single screws a t  the rear of the top and bottom covers 
hold the covers t o  the chassis. Remove the screws and 
s l i d e  cf f the covers, 

2. Remove the rear panel by removing the four corner 
screws ( f igure  1-31, 

3. Remove the bar r ie r  s t r i p s  on t h .  power supply terminal 
boards. Tag and remove the wires a t  the terminal 
boards. 

4 .  Four screws on the chassis  bottom hold the power 
supply t o  the chassis. Remove these screws and l i f t  
the power supply from the chassis. 

5. Lower the replacement power supply in to  the chassis  
and at tach the power supply, using the four screws 
removed i n  s t ep  4.  

6 .  Attach the wires a t  the terminal b o ~ r d s .  Attach the 
barr ier  s t r i p s  t o  the terminal boards. 

7.  Attach the rear panel t o  the chassis using the four 
screws removed i n  s tep  2 .  

8. Slide on the top and bottom covers and at tach the 
covers uslng the screws removed i n  s tep  I .  



5.3.2.5 PAN - To remove and r e p l a c e  t h e  f a n ,  proceed a s  follows: 

1. S i n g l e  screws a t  t h e  r e a r  of t h e  t o p  and bottom c o v e r s  
hold t h e  c o v e r s  t o  t h e  c h a s s i s .  Remove t h e  screws and 
slide o f f  t h e  covers .  

2. Remove t h e  f i n g e r  guard  on t h e  f a n  by r-oving t h e  
f o u r  sc rews  ( f i g u r e  1-31. 

3. Remove t h e  f a n  wires. 

4 .  Remove t h e  f o u r  screws, e i g h t  washers,  and f o u r  n u t s  
t h a t  ho ld  t h e  f a n  t o  t h e  c h a s s i s .  

5. At tach  t h e  r e p l a c e ~ a e n t  f a n  t o  t h e  c h a s s i s ,  us ing  t h e  
hardware resowed i n  s t e p  4. 

6. At tach t h e  f a n  wires. 

7. At tach  t h e  f i n g e r  quard  t o  t h e  f an ,  u s ing  t h e  f o u r  
screws removed i n  s t e p  2. 

8. S l i d e  on t h e  t o p  and bottom c o v e r s  and a:tach, u s i n g  
t h e  screws removed i n  s t e p  1. 



SECTION 6 

LOGIC DIAGRAXS 

6 . 1  LlV- 

This  s e c t i o n  conta ins  l o g i c  diagrams of the  Input/Output, 

Arithmetic,  and Power Supply c i r c u i t  cards.  

6 .2  LlsT OF 

The fo l lowing  is a list of drawings contained i n  this s e c t i o n :  

Title 

LD 21368 Input/Output CCA 

LD 21369 Arithmetic CCA 

LD 21493 Backplane CCA 



1

I

i

j

i•i
!

I

1

!

i%«
• t
i
j
j

\i

i

>
!

|

<;

t\
!
i

e
If

c.

p

| C

Psr:-?:<'<.<;<
-s i?c«e:: ^.-- i- 'a i1-

*

*

tt
v

VCC

• M
-ri frl I — PRESET J1^

VK-

k

1.-31 0 PCTL I'5

C'rt •>1)OMF

too

?!
4|

jl'oj *-^

— ..̂ . -™ -r^n \>*rr';•.- •» n\.*ux v ivAix-*"
ft - **'

IO-30 - go

RI
- . AAA - _^

1 ' . 1 -'*, - i fe • 1 . '/ 1

— - v v v1-
, Uooi ;, uooi
1 ~ "-v ^

— \ "JL i — -

- rr w -=r2 _1J P — ' 3 -
V

==a,

rrbfe-
"/

•s —

1 /
3 ' • ICU5C*/

pfll
J UI^O „

\> <> V 9
D /?> ,, ,. p. A '<3 /aD 0
a fR a ^
,y Hy c^ i*j>

j

^ 0101

VT %<>

3 i? 57 PFLG ̂ ->.
it. r*. _ '-rT
¥ A iv'46

a Ul01

»M j V -n \0 LOAD ^

. VVf K «! eiOft&l
et fV

• l?l*

2d . y<5)
_EW/ —

4 . '" " ' ' ' ' ' ' "'" "* ' ' "

1

O Dnn^ nnr^nnnnr i
v v V v ^ V V V V • V Y

5 '5 P 3 f ' P 9 t? £ ° " I17 2i 6 0 0 0 6 |« o tJ 5 P o o 5
^ p i - ^ o 8 N fr ^ Li U N - -9.
' ! - ixccoo-c f inn" '••> r~T 7 I \ T T '?' '? T T ? T -«>Yfc.\ f f / ; j | J ^ ^ x ' / ' ^ ^ x ^ ; ^ ^ ^

Ill 5 ? f ? 5 | S i 5 t $«°3
lltf/ji.afa . Itfji l^a^Jlaj^rp

12 ^| "7 4 3 )? 17! rt! 13 ?j 7 43

J" 7 "-
m°3 s>--*ols utoe-

\ 1
^ ^j & 5 i /?..;<; /r1 12. ? 6 5 2

1 i " •
I ! I

g j g g g g £ ! £ ? £ ? ? £ ?; i -t. jo? N - •»• j^jp i^ < y \J _ 3.
^FTT/ . • * Pi \ n\ /fn i *•») M PI ^^r.Ji-.L/ Ann. -^VT'i ' ^ J- s! i i 1 !CS !^"I 1 a ^ '•*?•c' °?« g) ^ fel ̂  ri) ̂  ^ H Pi T1 1 q ^ -^ !^6/» T -^ h^ L *Sii ' Mu i^' Sop,si fe •Hi'SiMi^ Hkp h^i U eiUfc d^kro'd^y^• U b|« d IS^^I^^s

i «/ , . p , r $ ^ £ °
ju,0, V& W«/ /^7-=jr-, r W ° c'

^ 1-iOt-^ L-»C S'f!j O Lr., t*

f ' ^ . ^
!

\ "~v
z\^^L Htsnt

Hft ffl^ . ^L J^J~ J^ — ̂" * ^ •• ' " — — < \ - > <Si; T*

•JIO3 ju o"-1 i

i
-- . .. . , ,--..... .„ ™.I -. , rv. : •— ;r\ v -J ,,[ v /A ...

•S>jsoi •>-•( ^«c/»:2 -c qo •)J : -( pri-xl ^. "««<i/ ^-^
^> O ̂ O *>, o / _ -/""? f" ̂ * ^"i i^N

1 L —- 1— i-- f * "~sZT"* %*~'*~ "'
— — -^ vU£,A )

C 50<? J , - .

I 1 H <*O .... .....,J 01 ^
<D (

U 103 V

^t*/ cvt$
*&!> 3?^
^-?g ^

1 ^ • , ; ; - : , . . . - -
! : ,:^ i-'o; . .. ?'. ,- .'^

YCC : !

1 ' S

1<" A/VW ' - - 0f'J^ ^7) pTZ Î<% 'VVyV V "^' % 'C/rrJ
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