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Description 

BACKGROUND  OF  THE  INVENTION 

5  The  present  invention  relates  to  a  received  signal  processing  apparatus  for  processing  with  a  majority 
principle  a  repetitive  digital  signal  which  is  transmitted  from  a  transmit  station  by  radio  equipment  and 
representative  of  the  same  information. 

In  communications  art,  there  is  known  an  error  correction  system  in  which  while  a  transmit  station 
transmits  the  same  information  repeatedly,  a  receive  station  corrects  errors  on  a  decision-by-majority  basis 

io  so  as  to  enhance  reliability  of  information.  This  kind  of  system  is  simpler  than  the  other  known  error 
correction  systems  and  extensively  used.  In  the  system  employing  the  majority  principle,  how  to  detect 
errors  is  the  important  problem.  Some  approaches  have  heretofore  been  proposed  for  the  detection  of 
errors,  e.g.,  one  which  determines  whether  the  same  pattern  repeatedly  occurs  and,  if  it  does,  processes  a 
received  signal  as  a  correct  signal,  and  one  which  determines  a  field  intensity  of  a  received  signal  and,  if  it 

75  is  at  a  sufficient  level,  processes  it  on  a  majority  basis  to  determine  the  transmission  quality  of  the  signal. 
The  problem  with  the  repetitive  pattern  scheme  is  that  where  the  error  probability  is  very  high  such  as 

where  the  bit  error  rate  is  10-2  or  higher,  and  where  a  single  information  pattern  has  50  to  100  bits,  for 
example,  the  probability  that  the  received  signal  is  decided  correct  is  sharply  reduced  and,  instead,  the 
probability  that  no  signal  is  detected,  i.e.,  the  non-detection  probability  is  increased.  On  the  other  hand,  the 

20  field  intensity  scheme  fails  to  provide  satisfactory  information  on  the  deterioration  of  signals  partly  because 
upon  appearance  of  an  interference  wave  the  system  decides  that  the  field  intensity  is  sufficient  and, 
therefore,  fails  to  detect  an  error  which  actually  exists  in  a  signal,  and  partly  because  depending  upon 
temperature  and  other  ambient  conditions  the  measured  field  intensity  information  and  the  bit  error  rate  of 
received  signal  do  not  always  constantly  correspond  to  each  other. 

25  In  Russian  Patent  No.  177469  dated  December  18  1965,  there  is  proposed  a  method  of  error  detection 
in  which  errors  are  detected  on  the  basis  of  a  statistical  analysis  of  a  repeated  signal. 

French  Patent  No.  75,00534  dated  January  9  1975  describes  a  proposed  arrangement  for  a  receiver 
which  detects  a  majority,  of  the  order  x,  of  repetitive  messages  each  having  n  bits. 

30  SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention  to  provide  a  received  signal  processing  apparatus 
which  despite  the  decision-by-majority  principle  achieves  a  considerably  high  error  detection  probability. 

It  is  another  object  of  the  present  invention  to  provide  a  generally  improved  received  signal  processing 
35  apparatus. 

In  one  embodiment  to  be  described,  there  is  provided  an  apparatus  for  processing  a  digital  received 
signal  in  which  same  information  appears  repeatedly,  comprising  a  start  pattern  detector  for  detecting  a 
start  pattern  which  precedes  a  signal  sequence  in  which  M  same  information  patterns  appear  repeatedly, 
the  signal  sequence  being  transmitted  L  consecutive  times,  an  information  pattern  receive  circuit  for 

40  receiving  the  M  information  patterns  timed  to  detection  of  a  start  pattern  by  the  start  pattern  detector,  a 
store  for  storing  the  M  information  patterns  which  are  received  by  the  information  pattern  receive  circuit,  a 
first  majority  decision  circuit  for  applying  majority  decision  to  the  M  information  patterns,  which  are  stored 
in  the  store,  on  a  basis  of  bits  which  are  representative  of  same  information  so  as  to  decide  a  single  pattern, 
a  first  noncoincidence  adder  for  determining  noncoincident  bits  between  the  pattern  decided  by  the  first 

45  majority  decision  circuit  and  each  of  the  M  information  patterns  stored  in  the  store  and,  then,  adding  the 
numbers  of  noncoincident  bits,  a  selector  for  selecting  out  of  the  signal  sequences,  each  of  which 
comprises  the  M  information  patterns,  those  in  which  a  sum  of  the  noncoincident  bits  is  smaller  than  a 
predetermined  reference  value,  a  second  majority  decision  circuit  for  applying  majority  decision  to  all  the  M 
x  N  information  patterns  contained  in  N  signal  sequences  which  are  selected  by  the  selector  so  as  to 

50  decide  a  single  pattern,  a  second  noncoincidence  adder  for  determining  noncoincident  bits  between  the 
result  provided  by  the  second  majority  decision  circuit  and  each  of  the  M  x  N  information  patterns  which 
are  selected  by  the  selector  and  then  adding  the  numbers  of  noncoincident  bits,  a  decision  circuit  for 
deciding  that  the  pattern  decided  by  the  second  majority  decision  circuit  acceptable  for  processing  when  a 
sum  of  the  noncoincident  bits  provided  by  the  second  noncoincidence  adder  is  smaller  than  a  predeter- 

55  mined  value  p  (N)  which  is  determined  by  the  N,  and  a  signal  processor  for  processing  the  pattern  decided 
by  the  second  majority  decision  circuit  when  the  decision  circuit  has  determined  that  the  pattern  is 
acceptable. 

The  above  and  other  objects,  features  and  advantages  of  the  present  invention  will  become  more 
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apparent  from  the  following  detailed  description  taken  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

5  Figs.  1A  and  1B  are  block  diagrams  showing  a  first  embodiment  of  the  received  signal  processing 
apparatus  of  the  present  invention; 
Fig.  2  shows  formats  of  signals  which  appear  in  various  sections  of  the  circuitries  shown  in  Figs.  1A  and 
1B; 
Figs.  3A  and  3B  are  block  diagrams  showing  a  second  embodiment  of  the  present  invention;  and 

io  Fig.  4  shows  formats  of  signals  which  appear  in  various  sections  of  the  circuitries  shown  in  Figs.  3A  and 
3B. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

is  While  the  received  signal  processing  apparatus  of  the  present  invention  is  susceptible  of  numerous 
physical  embodiments,  depending  upon  the  environment  and  requirements  of  use,  substantial  numbers  of 
the  herein  shown  and  described  embodiments  have  been  made,  tested  and  used,  and  all  have  performed  in 
an  eminently  satisfactory  manner. 

Referring  to  Figs.  1A  and  1B,  a  received  signal  processing  apparatus  representative  of  a  first 
20  embodiment  of  the  present  invention  is  shown.  Fig.  1A  is  a  block  diagram  showing  a  transmit  station  which 

produces  a  predetermined  digital  signal,  while  Fig.  1B  is  a  block  diagram  showing  a  receive  station  which 
receives  the  digital  signal. 

As  shown  in  Fig.  1A,  the  transmit  station  includes  a  signal  generator  10  adapted  to  generate  an 
information  pattern  having  K  bits,  i.e.  A  =  a1a2...  ak.  Controlled  by  a  controller  12,  the  signal  generator  10 

25  delivers  M  (equal  to  or  greater  than  2)  consecutive  patterns  A.  A  start  pattern  generator  14,  which  is  also 
controlled  by  the  controller  12,  produces  before  the  information  patterns  AA...A  a  fixed  start  pattern  ST 
having  R  bits,  i.e.  ST  =  S1S2...SR.  The  outputs  of  the  signal  generator  10  and  start  pattern  generator  14  are 
mixed  by  a  mixer  18  to  become  an  information  signal  stream  Xi8,  in  which  the  start  pattern  ST  precedes 
the  information  patterns  AA...A  as  shown  in  Fig.  2. 

30  A  random  pattern  generator  20,  which  is  also  controlled  by  the  controller  12,  generates  random 
numbers  X20  which  are  added  to  the  information  signal  stream  Xi8  by  an  adder  22.  The  output  of  th  adder 
22  is  applied  to  a  transmitter  24  to  be  sent  to  the  receive  station.  The  reason  why  the  random  numbers  X2o 
are  added  to  the  information  signal  stream  Xi8  is  that  since  the  signal  stream  Xi8  is  a  sequence  of  the 
same  repetitive  pattern  A,  applying  it  directly  to  the  transmitter  24  would  adversely  affect  the  modulation 

35  characteristic  due  to  periodic  fluctuation  of  the  frequency  component.  Thus,  the  random  numbers  X2o  are 
added  to  the  repetitive  patterns  AA  ...  A.  The  controller  12,  as  described,  controls  the  timing  of  signal 
generation  by  the  signal  generator  10,  that  of  generation  of  start  patterns  by  the  start  pattern  generator  14, 
that  of  generation  of  random  numbers  by  the  random  pattern  generator  20,  and  transmission  by  the 
transmitter  24. 

40  Referring  to  Fig.  1B,  the  receive  station  includes  a  receiver  30  which  applies  a  received  signal  X3o  to  a 
start  pattern  detector  32.  After  the  detector  32  has  detected  a  start  pattern  ST,  information  pattern  receive 
means  34  receives  information  patterns  which  follow  the  start  pattern  ST.  The  information  pattern  receive 
means  34  comprises  a  random  pattern  generator  36  adapted  to  generate  the  same  random  numbers  X3g  as 
the  random  numbers  X2o,  an  adder  38,  and  a  serial-to-parallel  (SP)  converter  40.  The  adder  38  adds  the 

45  output  X3g  of  the  random  pattern  generator  36  to  that  X3o  of  the  receiver  30  so  as  to  recover  a  signal 
stream  which  corresponds  to  the  signal  stream  Xi8  prepared  at  the  transmit  station.  The  serial  recovered 
signal  stream  is  transformed  into  parallel  information  by  the  SP  converter  40  in  order  to  facilitate  the 
subsequent  processing. 

The  information  signal  stream  outputted  by  the  adder  38  will  be  described  in  detail.  As  shown  in  Fig.  2, 
50  the  start  pattern  ST  and  the  M  information  patterns  AA  ...  A  prepared  at  the  transmit  station  will  be  received 

by  the  receive  station  as  a  different  pattern  STiAiA2  ...  AM  due  to  errors  which  are  attributable  to  noise 
occurring  in  the  transmission  path.  In  Fig.  2,  STi  and  Am  are  represented  by: 

55 
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ST,  =  S!  S?  . . .   S j  

AB  =  a'B  aj  . . .   ajj  (m  =  1,  2  M) 

If  each  pattern  in  the  transmission  path  is  free  from  error,  all  the  bits  are 

S{  S?  . . .   S*  =  S1  s2  . . .   SR 

aj  a?  . . .   af   =  a'  a2  aK  (m  =  1,  2  M) 
75  ± 

Hence, 

ST,  =  ST  
20 

An  =  A  (m  =  x,  1  M) 

25  The  parallel  outputs  of  the  information  pattern  receive  means  34  are  stored  in  a  store  42  as  Ai  ,  A2 
AM.  The  data  stored  in  the  store  42  are  read  out  and  applied  to  a  majority  circuit  44  which  then  checks  the 
bits  of  the  patterns  Ai  ,  A2  AM  each  representative  of  the  same  information  and,  by  majority,  desides  a 
single  pattern  D  =  d1  d2  ...  dk.  For  example,  dk  is  the  result  of  checking  ak  ,  ak  a£  for  majority;  if  the 
number  of  ONEs  is  greater  than  that  of  ZEROs,  dk  =  ONE. 

30  The  quality  of  the  pattern  D  as  shown  in  Fig.  2  is  measured  by  a  noncoincidence  adder  46.  Specifically, 
assuming  that  the  number  of  noncoincident  bits  of  the  pattern  D  and  pattern  Am  is  em  (m  =  1  ,  2  M),  the 
noncoincidence  adder  46  performs  the  following  calculation  as  shown  in  Fig.  2: 

E  =  ei  +  e2  +  eM 
35 

It  will  be  seen  that  the  greater  the  sum  E  is,  the  greater  the  error  rate  in  the  transmission  path  and, 
therefore,  the  poorer  the  quality  of  the  pattern  D  is.  A  decision  circuit  48  determines  whether  the  output  E  of 
the  noncoincidence  adder  46  is  smaller  than  a  predetermined  reference  value  p.  If  the  result  of  decision  is 
E  <  p,  then  signal  processor  means  50  is  allowed  to  process  the  received  signal  regarding  the  pattern  D 

40  acceptable. 
The  signal  processor  means  50  includes  a  parity  check  circuit  52  which  serves  to  check  the  pattern 

which  has  been  decided  by  the  majority  circuit  44.  Specifically,  the  information  pattern  A  generated  at  the 
transmit  station  includes  parity  check  bits  so  that  the  receive  station  may  perform  parity  check  on  the  result 
of  decision  D.  Hence,  when  determined  normal  by  the  parity  check  circuit  52  and  decided  acceptable  by 

45  the  decision  circuit  48,  the  pattern  D  is  ready  to  be  processed  by  the  signal  processor  54.  Since  the  error 
rate  of  each  bit  which  constitutes  the  pattern  D  is  low,  the  effect  of  the  parity  check  is  considerable. 

In  summary,  the  system  in  the  illustrative  embodiment  is  constructed  to  determine  a  signal  pattern  D 
having  the  lowest  error  rate  by  decision  by  majority,  count  those  bits  which  are  noncoincident  with  those  of 
the  repetitively  received  patterns  Ai  ,  A2  AM,  and  allow  the  signal  pattern  D  to  be  processed  when  the 

50  sum  is  smaller  than  a  predetermined  value.  Stated  another  way,  the  system  processes  D  after  measuring 
the  bit  error  rate  of  a  transmission  path  with  D  equivalently  used  as  a  reference.  The  advantage  attainable 
with  such  a  system  is  that  the  bit  error  rate  can  be  measured  more  accurately  as  the  number  of  bits  of  the 
pattern  A  increases. 

Referring  to  Figs.  3A  and  3B,  a  second  embodiment  of  the  present  invention  is  shown.  Fig.  3A  shows  a 
55  transmit  station  which  sends  a  predetermined  digital  signal,  while  Fig.  3B  shows  a  receive  station  which 

receives  the  digital  signal. 
As  shown  in  Fig.  3A,  the  transmit  station  includes  a  signal  generator  60  and  a  start  pattern  generator  62 

both  of  which  are  controlled  by  a  controller  64.  As  the  controller  64  applies  a  single  information  transmit 
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command  to  each  of  the  signal  generator  60  and  the  start  pattern  generator  62,  the  generator  62  generates 
an  R  bits  of  fixed  start  pattern  T  =  S1  S2  ...SR  and,  then,  the  generator  60  repeatedly  generates  a  K  bits  of 
information  pattern  A  =  a1  a2  ...  aK  M  times  (equal  to  or  greater  than  1).  Hence,  when  L  (equal  to  or  greater 
than  2)  information  transmit  commands  have  appeared  consecutively  within  one  transmit  section,  the  above 

5  operation  occurs  L  consecutive  times  transmitting  L  x  M  information  patterns  in  total.  A  mixer  64  mixes  the 
outputs  of  the  signal  generator  60  and  start  pattern  generator  62  to  produce  an  information  signal  stream 
Xg4  as  shown  in  Fig.  4.  As  will  be  noted,  the  pattern  sequences  STAA  ...  A  and  STAA  ...  A  are  not  always 
continuous  so  that  the  intervals  may  be  used  for  other  information. 

Controlled  by  the  controller  64,  a  random  pattern  generator  66  produces  random  numbers  Xgg-  An 
io  adder  68  adds  the  random  numbers  Xgg  to  the  information  signal  stream  X3g+  to  provide  an  information 

sequence  Xgs-  A  mixer  mixes  the  information  sequence  Xgs  with  an  output  X7o  of  another  information  signal 
source  70,  applying  the  resulting  information  to  a  transmitter  74.  Why  the  random  numbers  are  used  will  not 
be  described  for  such  has  already  been  described  in  relation  to  the  first  embodiment. 

As  stated  above,  the  controller  controls  the  operation  timings  of  the  random  number  generator  66  and 
is  signal  source  70  and  the  transmission  from  the  transmitter  74  in  addition  to  the  operations  of  the  signal 

generator  60  and  start  pattern  generator  62. 
As  shown  in  Fig.  3B,  the  receive  station  includes  a  receiver  80  which  receives  a  signal  Xso-  The 

following  description  will  concentrate  to  processing  of  the  start  pattern  ST  and  signal  stream  AA  ...  A  which 
are  contained  in  the  received  signal  Xso-  In  this  particular  embodiment,  another  signal  processing 

20  arrangement,  not  shown,  is  assigned  to  the  processing  of  a  signal  which  is  outputted  by  the  another 
information  signal  source  70.  A  start  pattern  detector  82  detects  the  start  pattern  ST  out  of  the  received 
signal  Xso  -  Timed  to  the  detection  of  the  start  pattern  ST,  information  pattern  receive  means  84  receives  the 
information  patterns  which  follow  the  start  pattern  ST.  As  shown,  the  information  pattern  receive  means  84 
comprises  a  random  pattern  generator  86  adapted  to  generate  the  same  random  numbers  Xsg  as  the 

25  random  numbers  Xgg,  an  adder  88,  and  a  SP  converter  90.  Random  numbers  are  added  to  the  output  Xso 
of  the  receiver  80  to  recover  a  signal  stream  which  corresponds  to  an  information  signal  stream  Xg+  which 
was  prepared  at  the  transmit  station.  The  SP  converter  90  serves  to  transform  the  serial  summation  output 
to  parallel  information  in  order  to  facilitate  the  subsequent  processing. 

The  recovered  information  signal  sequence  Xss  outputted  by  the  adder  88  will  be  described  in  detail. 
30  As  shown  in  Fig.  4,  in  the  signal  stream  Xss,  the  start  pattern  ST  and  the  M  information  patterns  AA  ...  A 

transmitted  from  the  transmit  station  are  replaced  with  other  patterns  STj  A,  j  A2j  ...  Aiyj  due  to  noise  which  is 
involved  in  the  transmission  path.  Here,  j  is  representative  of  the  order  of  the  signal  stream  which  is 
received  in  a  single  communication  section.  It  will  be  noted  that  the  maximum  value  J  of  j's  is  not  always 
equal  to  the  number  L  of  transmissions  from  the  transmit  station  because  the  receive  station  may  fail  to 

35  detect  a  start  pattern  due  to  noise  or  accidentally  detect  a  start  pattern  from  another  information  section. 
In  Fig.  4,  the  start  pattern  STj  and  the  information  patterns  Amj  are  each  represented  on  a  bit  basis  as 

follows: 

40  ST,  =  S3  S5  . . .   S   ̂ (j  =  1,  2  J )  

A - _ , - a J , a * . . .   aL  
m  =  1,  2,  . . .   M 

K  i  =  l,  2  j  
45 

So  long  as  all  the  patterns  are  free  from  errors  in  the  transmission  path  and  misdetection  of  start 
patterns,  their  bits  are  maintained  as: 

50 

55 
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S J S J . . .   S * = S ' S 2 . . .   SR  (j  =  l,  2  J;  J  =  L) 

ai,-  a.h  . . .   aL  =  a1,  a2  . . .   a*  (m  =  1,  2  M;  
j  =  l,  2,  J;  J  =  L) 

H e n c e ,  
10 

15 

ST,  =  ST  (j  =  1,  2  J;  J  =  L) 

Aej  -  =  A  (m  =  1,  2  M;  j  =  1,  2  J;  J  =  L) 
15 

The  parallel  outputs  of  the  SP  converter  90  of  the  information  pattern  receive  means  84  are  stored  in  a 
store  92.  Eventually,  the  store  92  stores  the  signal  stream  made  up  of  M  patterns  J  times  as  shown  below: 

20  A,  j  A21  . . .   Ajj  1 
At  2  A22  . . .   A ^  

25 

The  patterns  held  in  the  store  92  as  described  above  include  those  which  have  been  erroneously  stored 
30  despite  that  they  are  alien  ones  due  to  accidental  detection  of  start  patterns  out  of  other  information 

sections.  In  this  particular  embodiment,  such  undesired  patterns  are  removed  by  the  following  procedure. 
Specifically,  a  first  majority  circuit  94  checks  the  pattern  sequence  A ,̂  A2j  AMj,  which  is  the  "j" 

received  sequence,  for  majority  on  the  basis  of  bits  which  represent  the  same  information,  thereby  deciding 
a  single  pattern  Dj  =  d]  d2  ...  dk  .  Here,  dk  is  the  result  of  majority  decision  of  ak  j,  a2  j  j;  if  the  number 

35  of  ONEs  is  greater  than  that  of  ZEROs,  then  d  =  1.  Assuming  that  the  number  of  noncoincident  bits 
between  the  pattern  Dj  and  the  pattern  Amj  is  bmj,  a  first  noncoincidence  adder  96  performs  a  calculation  Bj 
=  b̂   +  b2j  +  ...  +  bMj  as  shown  in  Fig.  4.  If  the  sum  Bj  is  smaller  than  a  predetermined  reference  value  a, 
Bj  <  a,  a  selector  98  selects  the  pattern  sequence  Â  j,  A2j  Aiyj  regarding  that  it  does  not  represent 
entirely  alien  information.  Fig.  5  shows  a  condition  wherein  N  signal  sequences  were  selected  by  the 

40  selector  98.  Specifically,  N  signal  sequences  with  little  error  are  selected  out  of  the  J  signal  sequences 
which  are  stored  in  the  store  92  with  Dj  used  as  a  reference,  with  the  result  that  A'1nA'2n  ...  A'Mn  coincides 
with  the  certain  "j"  A1jA2j  ...  AMj. 

Thereafter,  a  second  majority  circuit  100  performs  decision  by  majority  on  the  respective  bits  of  the  M 
x  N  patterns  A'n,  A'2i  A' mi  A'in,  A'2n  A'Mn,  ■■■  A'im,  A'2m  A'mn  which  represent  the  same 

45  information.  Eventually,  the  majority  circuit  100  produces  a  single  pattern  D  =  d1  d2  ...  dk  as  shown  in  Fig. 
5.  A  second  noncoincidence  adder  102  measures  the  quality  of  the  output  pattern  D  of  the  second  majority 
circuit  100.  Assuming  that  the  number  of  noncoincident  bits  between  the  patterns  D  and  A'mn  is  emn,  the 
second  noncoincidence  adder  102  performs  the  following  equation  as  shown  in  Fig.  5: 

50  _  E  =  e,,  +  e2i  +  . . .   +  eH,  +  . . .   +  e,„  +  e2n  +  . . .  
+  enn  +  . . .   +  dN  +  e2N  +  . . .   +  eMN 

55  This  implies  that  the  greater  the  sum  E,  the  greater  the  error  in  the  transmission  path  and,  therefore,  the 
poorer  the  quality  of  the  pattern  D  is. 

A  decision  circuit  104  determines  whether  the  output  E  of  the  second  noncoincidence  adder  102  is 
smaller  than  a  predetermined  reference  value  p  (N).  If  E  <  p  (N),  the  pattern  D  is  regarded  qualified  and 
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ready  to  be  processed  by  signal  processing  means  106.  The  reference  value  p  (N)  is  variable  depending 
upon  the  sequencies  N.  That  is,  the  value  p  (N)  increases  if  the  number  of  sequencies  is  relatively  large 
and  decreases  if  otherwise.  This  is  because  the  number  of  patterns  to  be  subjected  to  majority  decision 
decreases  with  N  to  render  the  measurement  of  E  inaccurate;  to  enhance  the  reliability  of  D,  the  value  p  - 

5  (N),  too,  should  be  reduced. 
Meanwhile,  the  pattern  D  determined  by  the  second  majority  circuit  100  is  applied  to  a  parity  check 

circuit  108.  In  this  connection,  the  information  pattern  A  prepared  at  the  transit  station  is  provided  with  parity 
check  bits  beforehand.  When  determined  normal  by  the  parity  check  circuit  108  and  acceptable  by  the 
decision  circuit  104,  the  pattern  D  is  processed  by  a  signal  processor  110.  As  in  the  first  embodiment,  since 

io  the  error  rate  of  each  bit  which  constitutes  the  pattern  D  is  low,  the  effect  of  the  parity  check  is 
considerable. 

In  summary,  the  apparatus  in  the  illustrative  embodiment  is  constructed  to  determine  a  signal  pattern  D 
having  the  least  error  rate  by  decision  by  majority,  counts  noncoincident  bits  between  the  pattern  D  and 
each  of  M  x  N  patterns  which  are  selected  by  a  selector  out  of  repeatedly  received  patterns,  and  allows  the 

is  pattern  D  to  be  processed  only  if  the  count  is  smaller  than  a  reference  count.  That  is,  the  system  processes 
the  pattern  D  by  equivalently  measuring  a  bit  error  rate  in  the  transmission  path  with  D  used  as  a  reference. 
The  advantage  attainable  with  such  a  system  is  that  since  the  accuracy  of  bit  error  rate  measurement 
increases  with  the  number  of  bits  in  the  pattern  A. 

In  addition,  since  L  pattern  sequences  are  sequentially  transmitted  from  a  transmit  station,  the 
20  probability  that  any  of  the  information  signal  sequences  is  received  is  high  despite  burst  errors  which 

possibly  occur  in  the  transmission  path  due  to  fading  and  other  causes,  thereby  offering  a  diversity  effect 
with  respect  to  time.  Naturally,  random  errors  are  also  corrected  because  decision  by  majority  is  made  on 
the  selected  M  x  N  patterns. 

Various  modifications  will  become  possible  for  those  skilled  in  the  art  after  receiving  the  teachings  of 
25  the  present  disclosure  without  departing  from  the  scope  thereof.  For  example,  the  roles  of  the  circuits  42, 

44,  46,  48,  50,  52  and  54  as  enclosed  by  dotted  lines  in  Fig.  1  or  the  circuits  92,  94,  96,  98,  100,  102,  104, 
106,  108  and  110  as  done  so  in  Fig.  2  may  readily  be  fulfilled  by  a  microcomputer.  Also,  the  start  pattern 
detectors  32  and  82  and  the  received  pattern  receive  means  34  and  84  may  be  implemented  by  digital 
circuits  to  promote  a  space-  and  cost-effective  design. 

30 
Claims 

1.  An  apparatus  for  processing  a  digital  received  signal  in  which  the  same  information  appears  repeatedly, 
including  information  pattern  receive  means  (34,  84)  for  receiving  M  repeated  information  patterns 

35  timed  according  to  the  detection  of  a  synchronisation  pattern  by  a  synchronisation  pattern  detector 
means,  store  means  (42,  92)  for  storing  the  M  information  patterns  which  are  received  by  the 
information  pattern  receive  means  (34,  84),  first  majority  decision  means  (44,  94)  for  applying  a  majority 
decision  to  the  M  information  patterns,  which  are  stored  in  the  store  means  (42,  92),  on  a  basis  of  the 
bits  which  are  representative  of  the  same  information  so  as  to  decide  a  single  pattern,  first  non- 

40  coincidence  adder  means  (96)  for  determining  the  non-coincident  bits  between  the  patterns  decided  by 
the  first  majority  decision  means  (44,  94)  and  each  of  the  M  information  patterns  stored  in  the  store 
means  (42,  92)  and,  then,  adding  the  numbers  of  non-coincident  bits,  characterised  in  that  the 
synchronisation  pattern  is  a  start  pattern  which  precedes  the  signal  sequence  in  which  the  same  M 
information  patterns  appear  repeatedly,  and  in  that  there  are  provided  start  pattern  detector  means  (32, 

45  82)  for  detecting  a  start  pattern  the  signal  sequence  being  transmitted  L  consecutive  times,  selector 
means  (98)  for  selecting  out  of  the  L  signal  sequences,  each  of  which  comprises  the  M  information 
patterns,  those  N  sequencies  in  which  a  sum  of  the  non-coincident  bits  is  smaller  than  a  predetermined 
reference  value,  second  majority  decision  means  (100)  for  applying  the  majority  decision  to  all  the  M  X 
N  information  patterns  contained  in  the  N  signal  sequences  which  are  selected  by  the  selector  means 

50  (98)  so  as  to  decide  a  single  pattern,  second  non-coincidence  adder  means  (102)  for  determining  the 
non-coincident  bits  between  the  result  provided  by  the  second  majority  decision  means  and  each  of  the 
M  X  N  information  patterns  which  are  selected  by  the  selector  means  and  then  adding  the  numbers  of 
non-coincident  bits,  decision  means  (104)  for  deciding  whether  or  not  the  pattern  decided  upon  by  the 
second  majority  decision  means  (100)  is  acceptable  for  processing  when  the  sum  of  the  non-coincident 

55  bits  provided  by  the  second  non-coincidence  adder  means  (102)  is  smaller  than  a  predetermined  value 
p  (N),  and  signal  processor  means  (110)  for  processing  the  pattern  decided  upon  by  the  second 
majority  decision  means  (100)  when  the  decision  means  (104)  has  determined  that  the  pattern  is 
acceptable. 
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2.  An  apparatus  as  claimed  in  claim  1  ,  characterised  in  that  the  information  pattern  includes  parity  bits, 
the  signal  processor  means  (110)  includes  parity  check  means  (108)  for  performing  a  parity  check  on 
the  pattern  which  is  decided  upon  by  the  second  majority  decision  means  (100),  and  the  signal 
processor  means  (110)  for  determining  when  the  pattern  decided  upon  by  the  second  majority  decision 

5  means  (100)  is  normal  and  processing  the  pattern  when  the  second  majority  decision  means  (100)  has 
decided  that  the  pattern  is  acceptable  and  the  result  of  the  parity  check  performed  by  the  parity  check 
means  (108)  is  normal. 

Revendicatlons 
10 

1.  Dispositif  pour  traiter  un  signal  regu  numerique  dans  lequel  les  memes  informations  apparaissent  de 
maniere  repetee,  comportant  un  moyen  de  reception  de  configuration  d'informations  (34,  84)  pour 
recevoir  M  configurations  d'informations  repetees  synchronisers  conformement  a  la  detection  d'une 
configuration  de  synchronisation  par  un  moyen  de  detecteur  de  configuration  de  synchronisation,  un 

is  moyen  de  memoire  (42,  92)  pour  memoriser  les  M  configurations  d'informations  qui  sont  regues  par  le 
moyen  de  reception  de  configuration  d'informations  (34,  84),  un  premier  moyen  de  decision  par 
majorite  (44,  84)  pour  appliquer  une  decision  par  majorite  aux  M  configurations  d'informations,  qui  sont 
stockees  dans  le  moyen  de  memoire  (42,  92),  base  sur  les  bits  qui  sont  representatifs  des  memes 
informations  de  fagon  a  decider  d'une  configuration  unique,  un  premier  moyen  d'additionneur  de  non- 

20  coincidence  (96)  pour  determiner  les  bits  de  non-co'fncidence  entre  les  configurations  decidees  par  le 
premier  moyen  de  decision  par  majorite  (44,  94)  et  chacune  des  M  configurations  d'informations 
stockees  dans  le  moyen  de  memoire  (42,  92)  et  ensuite,  ajouter  les  nombres  des  bits  non-co'fncidents, 
caracterise  en  ce  que  la  configuration  de  synchronisation  est  une  configuration  de  debut  qui  precede  la 
sequence  des  signaux  dans  laquelle  les  memes  M  configurations  d'informations  apparaissent  de 

25  maniere  repetee  et  en  ce  qu'il  est  prevu  un  moyen  de  detection  de  configuration  de  debut  (32,  82)  pour 
detecter  une  configuration  de  debut,  la  sequence  des  signaux  etant  emise  N  fois  consecutivement,  un 
moyen  de  selecteur  (98)  pour  selectionner  parmi  les  L  sequences  de  signaux,  dont  chacune  comprend 
les  M  configurations  d'informations,  les  N  sequences  dans  lesquelles  une  somme  des  bits  non- 
co'fncidents  est  inferieure  a  une  valeur  de  reference  predeterminee,  un  second  moyen  de  decision  par 

30  majorite  (100)  pour  appliquer  la  decision  par  majorite  a  la  totalite  des  M  x  N  configurations  d'informa- 
tions  contenues  dans  les  N  sequences  de  signaux  qui  sont  selectionnees  par  le  moyen  de  selecteur 
(98)  de  fagon  a  decider  d'une  configuration  particuliere,  un  second  moyen  d'additionneur  de  non- 
co'fncidence  (102)  pour  determiner  les  bits  non-co'fncidents  entre  le  resultat  delivre  par  le  second 
moyen  de  decision  par  majorite  et  chaque  configuration  des  M  x  N  configurations  d'informations  qui 

35  sont  selectionnees  par  le  moyen  de  selectionneur  et  ensuite  ajouter  les  nombres  des  bits  non- 
co'fncidents,  un  moyen  de  decision  (104)  pour  decider  si  oui  ou  non  la  configuration  decidee  par  le 
second  moyen  de  decision  par  majorite  (100)  est  acceptable  pour  traitement  lorsque  la  somme  des  bits 
non-co'fncidents  delivree  par  le  second  moyen  d'additionneur  de  non-co'fncidence  (102)  est  inferieure  a 
une  valeur  predeterminee  (N)  et  un  moyen  de  processeur  de  signaux  (110)  pour  traiter  la  configuration 

40  decidee  par  le  second  moyen  de  decision  par  majorite  (100)  lorsque  le  moyen  de  decision  (104)  a 
determine  que  la  configuration  est  acceptable. 

2.  Dispositif  selon  la  revendication  1  ,  caracterise  en  ce  que  la  configuration  d'informations  comporte  des 
bits  de  parite,  le  moyen  de  processeur  de  signaux  (110)  comporte  un  moyen  de  controle  de  parite 

45  (108)  pour  effectuer  un  controle  de  parite  sur  la  configuration  qui  est  decidee  par  le  second  moyen  de 
decision  par  majorite  (106)  et  en  ce  que  le  moyen  de  processeur  de  signaux  (110)  pour  determiner 
lorsque  la  configuration  est  decidee  par  le  second  moyen  de  decision  par  majorite  (100)  est  normale  et 
pour  traiter  la  configuration  lorsque  le  second  moyen  de  decision  par  majorite  (100)  a  decide  que  la 
configuration  est  acceptable  et  que  le  resultat  du  controle  de  parite  effectue  par  le  moyen  de  controle 

50  de  parite  (108)  est  normal. 

Patentanspruche 

1.  Vorrichtung  zum  Verarbeiten  eines  digitalen  Empfangssignals,  in  dem  die  gleiche  Information  wieder- 
55  holt  auftritt,  mit  einer  Informationsmuster-Empfangseinrichtung  (34,  84)  zum  Empfangen  von  M  wieder- 

holten  Informationsmustern,  deren  Zeitlage  entsprechend  der  Feststellung  eines  Synchronisationsmu- 
sters  mittels  eines  Synchronisationsmusterdetektors  eingestellt  wird,  einer  Speichereinrichtung  (42,  92) 
zum  Speichern  der  M  Informationsmuster,  die  von  der  Informationsmuster-Empfangseinrichtung  (34, 
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84)  empfangen  werden,  einer  ersten  Mehrheitsentscheidungseinrichtung  (44,  94)  zum  Anwenden  einer 
Mehrheitsentscheidung  auf  die  M  Informationsmuster,  die  in  der  Speichereinrichtung  (42,  92)  gespei- 
chert  werden,  auf  der  Basis  der  Bits,  die  fur  die  gleiche  Information  reprasentativ  sind,  urn  ein 
Einzelmuster  zu  entscheiden,  einer  ersten  Nichtkoinzident-Addiereinrichtung  (96)  zum  Bestimmen  der 
nichtkoinzidenten  Bits  zwischen  den  durch  die  erste  Mehrheitsentscheidungseinrichtung  (44,  94) 
entschiedenen  Mustern  und  jedes  der  M  Informationsmuster,  die  in  der  Speichereinrichtung  (42,  92) 
gespeichert  sind,  und  anschlie/Sendes  Addieren  der  Zahlen  der  nichtkoinzidenten  Bits,  dadurch 
gekennzeichnet,  da/S  das  Synchronisationsmuster  ein  Anfangsmuster  ist,  das  der  Signalfolge  voran- 
geht,  in  der  die  gleichen  M  Informationsmuster  wiederholt  auftreten,  und  da/S  vorgesehen  sind: 
Anfangsmusterdetektoreinrichtungen  (32,  82),  urn  ein  Anfangsmuster  festzustellen,  wobei  die  Signalfol- 
ge  nacheinander  L  mal  ubertragen  wird,  eine  Selektoreinrichtung  (98)  zum  Auswahlen  aus  den  L 
Signalfolgen,  die  jeweils  die  M  Informationsmuster  enthalten,  diejenigen  N  Folgen,  in  denen  eine 
Summe  der  nichtkoinzidenten  Bits  kleiner  als  ein  vorgegebener  Bezugswert  ist,  eine  zweite  Mehrheits- 
entscheidungseinrichtung  (100)  zum  Anwenden  der  Mehrheitsentscheidung  auf  alle  M  x  N  Informations- 
muster,  die  in  den  N  Signalfolgen  enthalten  sind,  die  durch  die  Selektoreinrichtung  (98)  ausgewahlt 
werden,  urn  ein  Einzelmuster  zu  entscheiden,  eine  zweite  Nichtkoinzidenz-Addiereinrichtung  (102)  zum 
Ermitteln  der  nichtkoinzidenten  Bits  zwischen  dem  durch  die  zweite  Mehrheitsentscheidungseinrichtung 
erzeugten  Resultat  und  jedem  der  M  x  N  Informationsmuster,  die  durch  die  Selektoreinrichtung 
ausgewahlt  werden,  und  anschlie/Sendes  Addieren  der  Zahlen  der  nichtkoinzidenten  Bits,  eine  Entschei- 
dungseinrichtung  (104)  zum  Entscheiden,  ob  das  durch  die  zweite  Mehrheitsentscheidungseinrichtung 
(100)  entschiedene  Muster  fur  die  Weiterverarbeitung  akzeptabel  ist,  wenn  die  Summe  der  durch  die 
zweite  Nichtkoinzidenz-Addiereinrichtung  (102)  erzeugten  nichtkoinzidenten  Bits  kleiner  als  ein  vorgege- 
bener  Wert  p  (N)  ist,  und  eine  Signalprozessoreinrichtung  (110)  zum  Verarbeiten  des  durch  die  zweite 
Mehrheitsentscheidungseinrichtung  (100)  entschiedenen  Musters,  wenn  die  Entscheidungseinrichtung 
(104)  festgestellt  hat,  da/S  das  Muster  akzeptabel  ist. 

Vorrichtung  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  das  Informationsmuster  Paritatsbits 
enthalt,  da/S  die  Signalprozessoreinrichtung  (110)  eine  Paritatsprufeinrichtung  (108)  zum  Ausfuhren 
einer  Paritatsprufung  des  Musters  aufweist,  uber  das  durch  die  zweite  Mehrheitsentscheidungseinrich- 
tung  (100)  entschieden  wird,  sowie  die  Signalprozessoreinrichtung  (110)  zum  Feststellen,  wenn  das 
durch  die  zweite  Mehrheitsentscheidungseinrichtung  (100)  entschiedene  Muster  normal  ist,  und  Verar- 
beiten  des  Musters,  wenn  die  zweite  Mehrheitsentscheidungseinrichtung  (100)  entschieden  hat,  da/S  das 
Muster  akzeptabel  und  das  Ergebnis  der  durch  die  Paritatsprufeinrichtung  (108)  erfolgten  Paritatspru- 
fung  normal  ist. 
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