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Description code  word  format  which  includes  information  bits 
and  cyclic  redundancy  check  bits,  and  means  for 
transmitting  said  encoded  message  and  a 
receiver  having  means  for  receiving  the  transmit- 

5  ted  encoded  message,  means  responsive  to  the 
cyclic  redundancy  check  bits  to  determine  the 
presence  of  errors'in  a  received  code  word,  and 
means  for  applying  error  correction  on  a  code 
word  by  code  word  basis,  characterised  in  that 

10  the  base  station  further  comprises  means  for 
deriving  a  predetermined  number  of  error  detect- 
ing  check  bits  and  means  for  substituting  said 
error  detecting  check  bits  for  an  equal  number  of 
information  bits  of  the  message  to  be  transmitted 

15  and  the  receiver  further  comprises  means  to 
detect  false  correction  of  erroneous  data  received. 

By  adding  error  detecting  check  bits  to  the 
message  the  receiver  can  apply  a  check  to  the 
entire  message  and  determine  whether  the 

20  message,  which  may  have  been  corrected,  is  true. 
The  error  detecting  check  bits  may  not  be 

added  every  time  a  message  is  transmitted  by  a 
base  station  and  in  order  that  a  receiver  may 
know  that  error  detecting  check  bits  have  been 

25  added  the  message  may  be  preconditioned  in  a 
suitable  and  convenient  way.  This  may  be  done 
by  assigning  to  the  message  a  particular  one  of 
the  alternative  addresses  allocated  to  the  receiver 
or  using  one  or  more  bits  in  the  message  part  of 

30  the  data  signal  to  indicate  the  method  of  decoding 
to  be  used. 

The  receiver  on  detecting  preconditioning  of  a 
message  may  apply  a  different  error  correction 
technique  to  that  which  is  applied  if  a  received 

35  message  has  not  been  pre-conditioned.  In  the 
former  case  the  error  correction  technique  may 
be  more  successful  but  have  an  unacceptable 
falsing  rate,  for  example  4  bit  burst  error  correc- 
tion,  and  in  the  latter  case  the  error  correction 

40  technique  may  be  less  successful  but  have  an 
acceptable  falsing  rate,  for  example  1  bit  random 
error  correction. 

United  States  Patent  Specification  2954432  dis- 
closes  error  detection  and  correction  circuitry 

45  which  is  improved  and  simplified  by  the  use  of 
two  groups  of  parity  check  digits.  The  first  group 
of  parity  check  digits  checks  the  parity  of  succes- 
sive  interleaved  groups  of  information  digits 
which  are  spaced  apart  by  a  predetermined 

so  number  of  digits  which  may  be  designated  "N". 
The  second  group  of  parity  check  digits  checks  * 
sets  of  interleaved  digits  which  are  spaced  apart 
by  a  different  number,  for  example  "N+1",  of 
digits.  Thus  each  information  digit  is  included  in 

55  two  independent  parity  checks,  permitting 
immediate  correction  of  signal  errors.  Tbe 
present  invention  is  distinguished  from  this 
known  system  by  not  interleaving  two  sets  of 
parity  check  digits  in  groups  of  information. 

60  Rather  the  present  invention  extends  the  encod- 
ing  method  in  which  each  codeword  includes 
information  bits  followed  by  cyclic  redundancy 
check  bits,  by  applying  an  error  detection  capabil- 
ity  to  the  whole  of  the  transmitted  message.  The 

65  significance  of  applying  an  error  correction  capa- 

The  present  invention  relates  to  a  digital  data 
transmission  system  in  which  message  data  is 
encoded  in  a  block  code  format  together  with 
addressing  data  also  encoded  in  such  a  manner. 
More  particularly  this  present  invention  relates  to 
text  error  correction  in  such  a  data  transmission 
system. 

For  convenience  of  description  the  present 
invention  will  be  described  with  reference  to  the 
POCSAG  (Post  Office  Code  Standardisation 
Advisory  Group)  or  CCIR  No.  1  code  format  for 
use  in  digital  radiopaging  systems.  Further  details 
of  the  POCSAG  code  are  given  in  the  Post  Office 
Electrical  Engineers'  Journal,  Vol.  71,  Oct.  1978, 
pages  189  to  194  which  discusses  the  merits  of 
the  POCSAG  code,  which  was  conceived  by  P.  J. 
Mabey,  one  of  the  co-inventors  of  the  present 
invention,  over  and  above  radiopaging  codes 
known  at  that  time.  The  code  formats  of  the 
POCSAG  code  are  as  shown  in  Figures  1  and  2  of 
the  present  specffication  and  its  error  detecting 
and  correcting  capabilities  are  discussed  below. 
However  it  is  to  be  understood  that  the  present 
invention  is  equally  applicable  to  any  similar  data 
transmission  system  wherein  message  infor- 
mation  is  transmitted  in  code  word  format  pre- 
ceded  by  an  addressing  code  word  for  destination 
identification,  for  example  the  Electronic  Engin- 
eering  Association  (EEA)  preferred  data  trans- 
mission  system  code. 

The  capabilities  of  complex  digital  codes,  such 
as  the  POCSAG  code,  include  the  ability  to  per- 
form  some  degree  of  error  detection  and,  more 
importantly,  some  degree  of  error  correction.  The 
exact  extent  of  these  properties  is  a  function  of 
the  particular  code  format  in  question.  The  POC- 
SAG  code,  for  instance,  has  a  capability  of  detect- 
ing  11  bits  in  error  if  in  a  burst  or  5  randomly 
distributed  bits  in  error  in  each  32  bit  code  word 
and  correcting  up  to  two  errors  if  randomly 
distributed  within  the  32  bit  code  word  or  up  to  5 
bit  errors  if  grouped  as  a  burst  in  any  one  code 
word. 

The  advantages  in  terms  of  improvement  in 
code  word  decoding  success  rate  introduced  by 
the  capability  to  correct  bit  errors  in  coded  data 
are  significant.  However  such  capabilities  have 
drawbacks  in  that  it  becomes  possible  to 
incorrectly  modify  erroneous  data  to  valid  data  if 
such  erroneous  data  has  a  large  number  of  errors, 
that  is,  more  errors  than  the  code  is  capable  of 
correcting.  This  is  an  undesirable  disadvantage. 

For  the  POCSAG  code,  it  is  only  possible  to 
correct  one  bit  error  in  each  32  bit  code  word  and 
remain  within  the  specification  for  falsely  correct- 
ing  code  words.  This  limitation  is  undesirable. 

It  is  the  object  of  this  invention  to  improve  on 
the  use  of  the  error  correcting  capabilities  of  such 
codes. 

According  to  the  present  invention  there  is 
provided  a  digital  data  transmission  system  com- 
prising  a  base  station  having  encoding  means  for 
encoding  message  data  in  accordance  with  a 
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message  code  words  54  may  continue  into  the 
next  batch,  the  normal  batch  structure,  that  is 
sixteen  code  words  preceded  by  a  syn- 
chronisation  code  word  is  maintained. 

5  The  pager  decoder  has  the  capability  of  error 
correction  of  address  code  words.  Deterioration 
in  falsing  probability  due  to  the  application  of 
error  correction  is  not  critical  when  considering 
the  decoding  of  address  code  words.  The  fact  that 

10  an  address  decoder  is  looking  for  four  known 
addresses  out  of  8  million  available  within  the 
POCSAG  coding  format,  infers  a  degree  of  protec- 
tion  from  this  falsing  problem.  Such  protection  is 
not  available  with  message  code  words  because 

15  there  is  nothing  against  which  to  correlate  them. 
If  a  base  station  is  to  transmit  a  thirteen  charac- 

ter  message  then  in  accordance  with  a  4  bit  hexa- 
decimal  code  it  will  be  necessary  to  transmit  (4  x 
13  =0  52  bits  as  a  message.  In  accordance  with  the 

20  form  of  a  message  code  word  54  as  shown  in 
Figure  2,  each  message  code  word  will  comprise 
five  4  bit  characters,  thus  three  successive  code 
words  will  be  required  although  only  12  bits  of  the 
third  code  word  will  be  used.  The  remaining  8  bits 

25  will  be  redundant  and  could  comprise  two  space 
characters  of  4  bits  each.  Figure  3  illustrates  the 
composition  of  the  entire  signal.  The  first  code 
word  is  an  address  one  52  and  the  next  three  are 
message  code  words  54.  At  the  paging  receiver, 

30  without  some  additional  protection,  the  decoder 
will  apply  1  bit  random  error  correction  only, 
because  it  has  an  acceptable  falsing  probability. 

Additional  protection  is  provided  by  the 
method  in  accordance  with  the  present  invention 

35  by  adding  error  detecting  check  bits  58  to  the 
transmitted  message  which  also  has  an  indication 
that  these  bits  have  been  included.  Conveniently 
in  this  example  the  error  detecting  check  bits  58 
(Figure  4)  comprise  the  equivalent  of  two  4-bit 

40  characters  which  in  every  way  conform  to  the 
format  of  the  POCSAG  code  and  are  transparent 
to  the  POCSAG  code  structure  and  which  are 
appended  to  the  end  of  the  message  within  the 
final  message  code  word.  In  the  case  of  Figure  4 

45  the  error  detecting  check  bits  58  conveniently 
complete  a  code  word  by  occupying  the  bit 
positions  which  would  otherwise  be  taken  by 
space  characters.  However  if  less  than  8  bits  are 
unused  in  a  message  code  word  an  additional 

so  message  code  word  must  be  appended  if  the 
error  detecting  check  bits  are  to  be  transmitted. 
The  addition  of  a  subsequent  message  code  word 
for  transmitting  the  error  detecting  check  bits  is 
dependent  upon  the  overhead  of  such  an  addition 

55  being  low,  that  is  if  the  base  station  is  transmit- 
ting  idle  code  words  then  an  additional  code  word 
for  the  error  detecting  check  bits  is  not  significant. 
Therefore  the  overall  calling  rate  of  the  base 
station  is  not  affected.  However  if  the  base  station 

60  is  busy,  the  error  detecting  check  bits  may  be 
omitted  and  normal  system  operation  would 
occur  and  a  number  of  disadvantages  would  be 
introduced.  The  8  error  detecting  check  bits  58 
must  always  be  the  last  8  of  the  information  bits 

65  in  the  last  message  code  word.  Any  spare  infor- 

bility  to  messages  comprising  message  code 
words  is  that  message  code  words  do  not  have 
any  other  means  against  which  they  can  be 
correlated. 

The  present  invention  will  now  be  described,  by 
way  of  example,  with  reference  to  the  accom- 
panying  drawings,  wherein: 

Figures  1  and  2  illustrate  a  code  format  for 
POCSAG  pagers. 

Figure  3  illustrates  an  assembled  message 
comprising  address  and  message  code  words, 

Figure  4  illustrates  an  assembled  message 
comprising  address  and  message  code  words 
and  added  error  detecting  check  bits, 

Figure  5  is  a  flow  chart  explaining  two  alterna- 
tive  modes  of  operation  in  a  base  station,  and 

Figure  6  is  a  flow  chart  explaining  two  alterna- 
tive  modes  of  operation  in  a  paging  receiver. 

Referring  to  Figures  1  and  2  of  the  drawings, 
although  the  POCSAG  code  format  is  becoming 
widely  known  as  the  CCIR  Radio-Paging  Code  No. 
1,  in  order  to  understand  the  present  invention 
the  signal  and  code  word  formats  of  POCSAG  will 
be  described.  Figure  1  shows  the  signal  format 
comprising  a  preamble  40  of  at  least  576  bits 
which  comprise  alternate  ones  and  zeroes  con- 
catenated  with  a  series  of  batches  42,  44  each  of 
544  bits.  The  preamble  40  has  a  duration  corre- 
sponding  to  at  least  one  batch  plus  a  32  bit  code 
word.  A  batch  comprises  a  32  bit  synchronisation 
code  word  46  and  eight  frames  48,  each  of  which 
frames  comprises  two  code  words  50  each  of  32 
bits.  Thus  each  batch  42,  44  is  formed  by  seven- 
teen  code  words  50  each  of  32  bits. 

The  code  format  is  a  (31,  21)  Bose-Chaudhuri- 
Hocquenghen  (BCH)  code  with  appended  even 
parity  bit,  thus  each  code  word  50  has  twenty-one 
information  bits.  The  first  bit  of  a  code  word  in  the 
information  field  determines  whether  it  is  an 
address  code  word  52  because  its  value  is  zero  or 
whether  it  is  a  message  code  word  54  because  its 
value  is  one.  In  the  case  of  an  address,  bits  2  to  19 
are  address  bits  corresponding  to  the  eighteen 
most  significant  bits  of  a  twenty-one  bit  identity 
assigned  to  the  pager.  The  three  least  significant 
bits  are  not  transmitted  but  serve  to  define  in 
which  of  the  eight  frames  48  in  a  batch  42,  44  the 
address  code  word  50  must  be  transmitted.  Bits 
twenty  and  twenty-one  are  the  two  function  bits 
which  are  used  to  select  one  of  four  addresses 
assigned  to  the  pager  corresponding  to  each 
identity.  Bits  twenty-two  to  thirty-one  are  cyclic 
redundancy  check  bits  and  the  final  bit,  bit  32,  is 
chosen  to  give  overall  even  parity. 

The  difference  between  the  address  and 
message  code  words  is  that  in  the  case  of  a 
message  code  word  54  the  bits  2  to  21  are  the 
message  itself.  A  number  of  message  code  words 
concatenated  to  an  address  code  word  are  trans- 
mitted  dependent  upon  the  length  of  the  com- 
plete  message  being  sent.  Each  message  code 
word  displaces  one  address  code  word  52  (Figure 
2)  and  the  displaced  address  code  words  will  be 
delayed  and  transmitted  in  the  next  available 
appropriate  frame.  Although  for  a  particular  call 
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mation  bits  will  be  used  as  space  characters.  If 
ASCII  (7  bits)  characters  are  used  to  form  a 
message  rather  than  4  bit  hexa-decimal,  then  the 
same  format  applies,  that  is  the  8  error  detecting 
check  bits  58  must  always  be  the  last  8  of  the  5 
information  bits  in  the  last  message  code  word. 

Prior  to  encoding,  a  complete  string  of  infor- 
mation  bits  is  created.  Such  a  string  is  formed  by 
subdividing  the  message  characters  to  be  trans- 
mitted  into  20  bit  blocks.  If  the  message  bits  are  10 
not  an  integer  number  of  20  bit  blocks  then  the 
remaining  bits  of  information  are  formed  into  a  20 
bit  block  using  "blank"  characters.  If  the  error 
detecting  check  bits  are  required,  zeroes  are 
substituted  for  the  final  8  bits  of  the  complete  15 
string.  If  message  bits  are  contained  within  the 
final  8  bits  of  the  string  then  a  further  20  bit  block 
is  created. 

The  error  detecting  check  bits  are  derived  by 
assembling  the  complete  string  of  information  20 
bits  and  dividing  it  with  a  9-bit  generator  polyno- 
mial  say  x8  +  x7  +  x6  +  x4  +  x3  +  1.  The  8  bit 
remainder  of  this  division  is  then  substituted  in 
place  of  the  8  zeroes  created  in  the  final  20  bit 
block.  25 

Figure  5  is  a  flow  chart  illustrating  the  various 
steps  in  preparing  data  for  transmission  from  a 
base  station.  There  may  be  situations  where  it  is 
not  desirable  to  add  the  error  detecting  check  bits, 
for  example  because  the  message  is  too  short  or  30 
the  base  station  is  operating  in  a  busy  period 
when  time  has  to  be  allocated  more  effectively 
and  the  transmission  of  extra  code  words  for 
improved  success  rate  is  not  considered  efficient. 
This  is  shown  on  the  left  side  of  the  flow  chart  35 
which  shows  the  basic  steps  when  the  error 
detecting  check  bits  are  not  added. 

The  step  60  is  the  encoding  of  the  message  data 
in  accordance  with  for  example  a  4  bit  hexadeci- 
mal  code  and  creating  blocks  of  20  bits  as  40 
described  above.  In  the  basic  situation  the 
message  data  is  formatted  into  code  words  54  of 
the  type  described  with  reference  to  Figures  1  and 
2.  This  is  the  step  62.  A  flag  of  binary  1  is  inserted 
at  the  most  significant  bit  position  of  each  block  of  45 
20  bits,  each  group  of  21  bits  (the  information 
field  of  a  message  code  word)  is  formatted  as  a  32 
bit  code  word  according  to  the  POCSAG  structure 
by  the  derivation  of  the  cyclic  redundancy  check 
bits  and  final  even  parity  bit.  Such  message  code  50 
words  are  then  concatenated  in  order.  Step  64 
denotes  adding  of  one  of  the  addresses  of  the 
paging  receiver  specified  as  the  addressee  of  the 
message  in  the  initial  code  word  position  thus 
forming  a  call  as  specified  in  Figure  3.  As  will  be  55 
explained  in  greater  detail  later  it  is  desirable  that 
different  addresses  are  used  for  the  sending  of 
data  with  and  without  error  detecting  check  bits. 
Step  66  denotes  the  transmission  of  the  address 
in  its  appropriate  frame  48  (Figure  1  )  followed  bv  eo 
the  message  code  words  concatenated  accord- 
ingly. 

In  the  case  of  adding  error  detecting  check  bits 
the  steps  comprise  encoding  the  data,  step  60. 
Then  the  complete  string  of  information  bits  is  65 

assembled  and  divided  by  the  9  bit  generator 
polynomial,  step  68.  Step  70  denotes  substituting 
the  8  bit  remainder  of  said  division  for  the  8 
zeroes  in  the  final  20  bit  block.  Step  72  indicates 
the  formatting  of  the  entire  message  according  to 
the  POCSAG  structure  in  the  same  way  as  in  step 
62  and  accordingly  this  will  not  be  described 
again.  Step  74  denotes  appending  the  appropriate 
address  of  the  pager.  Finally,  the  address  and 
message  are  transmitted,  step  66  as  described 
above.' 

The  steps  in  the  operation  of  the  paging 
receiver  will  now  be  described  with  reference  to 
Figure  6.  For  convenience  in  explaining  the  oper- 
ation  of  the  receiver  it  will  be  assumed  that  an 
"address  1"  will  be  given  to  a  message  transmit- 
ted  without  error  detecting  check  bits  and  an 
"address  2"  will  be  given  to  a  message  transmit- 
ted  with  error  detecting  check  bits.  Also  it  will  be 
assumed  that  the  paging  receiver  is  capable  of 
receiving  only  these  two  addresses. 

Step  76  denotes  receiving  an  address  code 
word  in  the  assigned  frame.  Step  77  denotes 
checking  if  the  address  code  word  in  the  assigned 
frame  is  either  "address  1"  or  "address  2".  If  the 
answer  is  no  (N)  then  the  entire  message  is 
rejected,  step  86.  However  if  the  answer  is  yes  (Y) 
the  next  step  78  is  to  identify  which  of  the 
addresses  has  been  received,  in  this  example  the 
question  "Is  the  address  received  "address  2"?" 
is  inferred.  Assuming  the  address  to  be  "address 
1"  then  the  answer  is  "no"  denoted  by  N  in  the 
Figure. 

Step  80  denotes  receiving  a  subsequent  code 
word,  either  address  or  message,  to  which  one  bit 
random  error  correction  is  performed  by  the 
operation  82.  This  operation  is  performed  regard- 
less  of  whether  the  code  word  contains  errors  or 
not  since  no  data  corruption  will  occur  if  there  are 
no  errors.  The  decision  taken  in  84  is  to  deem 
whether  the  code  word  as  it  now  appears  is 
correct.  If  the  code  word  was  not  successfully 
decoded  then  the  route  denoted  N  is  taken  and 
the  complete  message  rejected  at  step  86.  How- 
ever  if  the  code  word  is  now  correct  the  route  "Y" 
is  taken  whereupon  the  question  "Is  the  code 
word  a  message  code  word?"  is  asked.  If  the 
answer  is  "yes"  (Y)  then  the  code  word  data,  20 
bits,  is  stored  by  the  operation  90,  whereupon  the 
paging  receiver  returns  to  await  the  input  of 
another  code  word.  If  at  the  decision  stage  88  an 
address  code  word  (including  an  idle  code  word) 
is  received  the  end  of  the  message  is  deemed  to 
have  occurred.  At  this  time  the  complete  message 
comprising  multiples  of  blocks  of  20  bits  is  stored 
within  the  paging  receiver  and  can  be  displayed  in 
operation  92,  whereupon  the  paging  receiver 
returns  to  expect  reception  of  its  own  address 
code  word  either  "address  1"  or  "address  2". 

Returning  to  step  78,  if  the  decision  deems  that 
"address  2"  has  been  received  then  the  route 
"yes"  is  given  (Y)  and  the  operation  94  will  be 
next  performed.  Operation  94  is  identical  to  oper- 
ation  80  wherein  the  paging  receiver  awaits 
reception  of  a  subsequent  code  word.  In  this  case 
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previously,  wherein  each  code  word  contains 
cyclic  redundancy  check  bits.  Additionally, 
although  preconditioning  of  a  message  can  be 
indicated  by  giving  the  message  a  particular  one  of 
the  addresses  assigned  to  a  paging  receiver,  an 
alternative  way  would  be  to  insert  bits  at  selected 
position(s)  in  each  code  word  of  an  encoded 
message,  which  bits  are  indicative  of  the  method 
of  decoding  to  be  used. 

Claims 

1.  A  digital  data  transmission  system  compris- 
ing  a  base  station  having  encoding  means  (64  or 
72)  for  encoding  message  data  in  accordance  with 
a  code  word  format  which  includes  information 
bits  and  cyclic  redundancy  check  bits,  and  means 
(66)  for  transmitting  said  encoded  message  and  a 
receiver  having  means  for  receiving  the  transmit- 
ted  encoded  message,  means  responsive  to  the 
cyclic  redundancy  check  bits  to  determine  the 
presence  of  errors  in  a  received  code  word,  and 
means  (82)  for  applying  error  correction  on  a  code 
word  by  code  word  basis,  characterised  in  that  the 
base  station  further  comprises  means  (68)  for 
deriving  a  predetermined  number  of  error  detect- 
ing  check  bits  and  means  (70)  for  substituting  said 
error  detecting  check  bits  for  an  equal  number  of 
information  bits  of  the  message  to  be  transmitted 
and  the  receiver  further  comprises  means  to  detect 
false  correction  of  erroneous  data  received. 

2.  A  system  as  claimed  in  Claim  1,  characterised 
in  that  the  error  detecting  check  bits  are  encoded 
by  the  encoding  means  (72)  to  have  the  same 
format  as  the  encoded  message  data,  in  that  the 
base  station  includes  means  (74)  for  precondition- 
ing  a  message  such  that  it  includes  the  error 
detecting  check  bits,  and  in  that  the  receiver  has 
means  (77,  78)  to  detect  the  preconditioning  of  the 
message  and  for  carrying  out  an  additional  check 
to  detect  false  correction  on  erroneous  data 
received. 

3.  A  system  as  claimed  in  Claim  2,  characterised 
in  that  the  receiver  includes  means  (1  00,  1  04,  1  06) 
responsive  to  the  detection  of  the  preconditioned 
message  for  applying  a  different  error  correction 
technique  to  that  which  is  applied  if  a  received 
message  has  not  been  preconditioned. 

4.  A  system  as  claimed  in  Claim  3,  characterised 
in  that  the  error  correction  means  applies  a  more 
successful  but  unacceptable  falsing  rate  error 
correction  if  tbe  received  signal  has  been  precon- 
ditioned  and  a  less  successful  but  acceptable 
falsing  rate  error  correction  if  the  received  signal 
has  not  been  preconditioned. 

5.  A  system  as  claimed  in  Claim  4,  characterised 
in  that  the  more  successful  error  correction  is  4  bit 
burst  error  correction  and  the  less  successful  error 
correction  is  1  bit  random  error  correction. 

6.  A  system  as  claimed  in  any  one  of  Claims  2  to 
5,  characterised  in  that  the  means  (74)  for  precon- 
ditioning  a  message  applies  an  address  different 
from  that  applied  when  no  error  detecting  check 
bits  are  to  be  included. 

7.  A  system  as  claimed  in  any  one  of  Claims  2  to 

when  the  code  word  has  been  received  a  4  bit  burst 
error  correction  process  is  performed  in  step  96. 
This  operation  is  performed  regardless  of  whether 
any  errors  are  present  in  the  code  word  since  no 
corruption  of  valid  data  will  occur.  After  the  5 
correction  process  the  decision  in  step  98  deems 
whetherthe  codeword  is  now  correct.  If  it  is  not  (N) 
the  complete  message  is  rejected  at  step  86.  If  the 
code  word  is  now  deemed  correct,  the  Y  exit  from 
decision  block  98  is  taken,  whereupon  the  decision  10 
100  deems  whether  the  received  code  word  was  a 
message  code  word  (most  significant  bit  =  1  )  or  an 
address  code  word  (most  significant  bit  =  0).  For 
message  code  words  the  Y  route  is  taken  and  the 
message  data,  20  bits,  is  stored  in  operation  102  w 
whereupon  the  paging  receiver  returns  to  oper- 
ation  94  to  await  the  next  code  word  input.  If  the 
code  word  received  is  an  address  code  word,  the 
decision  100  will  exit  via  route  N,  where  the 
message  is  deemed  to  be  completed  because  an  20 
address  code  word  terminates  a  message.  The 
operation  104  divides  the  complete  received 
message,  a  number  of  blocks  of  20  bits,  by  the  9  bit 
generator  polynomial  in  order  to  determine  over- 
all  validity  of  the  received  data.  Step  106  deter-  25 
mines  whether  corruption  of  the  message  code 
words  has  occurred  and  that  the  POCSAG  code 
was  not  able  to  detect  them  by  asking  the  question 
"Is  the  division  remainder  =  0?".  If  "yes"  (Y)  the 
complete  message  is  accepted  and  displayed,  30 
operation  92.  If  the  remainder  is  not  =  0  then  step 
106  exits  at  N  and  performs  operation  86  wherein 
the  complete  message  is  rejected  as  before. 

In  the  case  of  a  paging  system  having  simple, 
basic  paging  receivers  only  able  to  apply  steps  80  35 
to  92  and  more  sophisticated  paging  receivers 
which  are  able  to  apply  steps  80  to  106,  then  the 
types  of  paging  receivers  and  their  respective 
groups  of  addresses  are  stored  on  a  computer  at 
the  base  station.  Thus  in  the  case  of  a  call  being  40 
made  to  a  basic  type  of  paging  receiver  then  the 
computer  will  know  from  the  address  not  to  add 
the  error  detecting  check  bits.  In  the  case  of  calling 
a  more  sophisticated  paging  receiver  and  assum- 
ing  that  un-allocated  bits  exist  within  a  message  45 
code  word,  or  that  the  message  is  long  and  the 
addition  of  a  further  code  word  causes  little 
deterioration  in  the  calling  rate,  the  computer  will 
include  the  error  detecting  check  bits  in  the 
message  and  send  it  with  "address  2".  Alterna-  50 
tively  if  the  message  is  short  and/or  it  is  a  busy 
period,  the  computer  will  omit  the  error  detecting 
check  bits  and  send  the  message  with  "address  1  ". 

Thus  not  only  will  the  paging  receiver  be  able  to 
overcome  the  drawback  of  a  deteriorating  falsing  ss 
rate  with  a  higher  than  one  bit  random  error 
correction  technique  but  also  by  providing  an 
indication  that  the  error  detecting  check  bits  are 
being  transmitted,  it  knows  the  most  effective  way 
to  handle  the  message  to  optimise  on  call  success  60 
rate  and  on  paging  call  rate. 

Although  the  present  invention  has  been 
described  with  reference  to  the  POCSAG  format,  it 
can  be  used  with  other  formats,  such  as  Golay 
Sequential  Code  or  the  EEA  code  mentioned  65 
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5,  characterised  in  that  the  means  for  precondi- 
tioning  a  message  comprises  inserting  bits  at 
selected  position(s)  in  at  least  one  code  word  of 
an  encoded  message,  which  bits  are  indicative  of 
the  method  of  decoding  to  be  used.  5 

8.  A  system  as  claimed  in  any  one  of  Claims  1  to 
7,  characterised  in  that  means  (68)  for  deriving  the 
predetermined  number  of  error  detecting  check 
bits  comprises  means  for  assembling  a  complete 
string  of  the  information  bits,  means  for  dividing  10 
the  string  by  an  n-bit  generator  polynomial,  n 
being  an  integer,  and  forming  the  (n-1  )  remainder 
of  this  division,  and  means  substituting  the  error 
detecting  check  bits  for  an  equal  number  of  the 
information  bits  in  said  complete  string  of  the  is 
information  bits. 

9.  A  system  as  claimed  in  Claim  8,  characterised 
in  that  the  error  detecting  check  bits  are  substi- 
tuted  of  an  equal  number  of  zeroes  forming  the 
end  of  the  complete  string  of  the  information  bits.  20 

10.  A  system  as  claimed  in  any  one  of  Claims  1 
to  9,  characterised  in  that  the  code  format  is 
POCSAG. 

Patentanspriiche  25 

1.  Ubertragungssystem  fur  digitale  Daten  mit 
einer  Basisstation  mit  Kodierungsmitteln  (64  oder 
72)  zum  Kodieren  von  Nachrichtendaten  entspre- 
chend  einem  Kodewortformat,  das  Informations-  30 
bits  und  zyklische  Redundanzkontrollbits  enthalt, 
und  mit  Mitteln  (66)  zum  Ubertragen  der  genann- 
ten  kodierten  Nachricht  und  mit  einem  Empfan- 
ger  mit  Mitteln  zum  Empfangen  der  ubertragenen 
kodierten  Nachricht,  mit  Mitteln  zum  in  Antwort  35 
auf  die  zyklische  Redundanzkontrollbits  Ermitteln 
vom  Vorhandensein  von  Fehlern  in  dem  empfan- 
genen  Kodewort  und  mit  Mitteln  (82)  zum  Durch- 
fuhren  einer  Fehlerkorrektor  auf  eine  Kodewort- 
fiir-Kodewort-Basis,  dadurch  gekennzeichnet,  40 
dass  die  Basisstation  Mittel  (68)  aufweist  zum 
Ableiten  einer  vorbestimmten  Anzahl  Fehlerde- 
tektionskontrollbits  und  Mittel  (70)  zum  Ersetzen 
dieser  Fehlerdetektionskontrollbits  durch  eine 
gleiche  Anzahl  Informationsbits  der  zu  ubertra-  45 
genden  Nachricht  und  dass  der  Empfanger  wei- 
terhin  Mittel  aufweist  zum  Detektieren  einer  fal- 
schen  Korrektur  empfangener  fehlerhafter  Daten. 

2.  System  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dass  die  Fehlerdetektionskontrollbits  so 
durch  die  Kodierungsmittel  (72)  kodiert  sind, 
damit  sie  dasselbe  Format  haben  wie  die  kodier- 
ten  Nachrichtendaten,  dass  die  Basisstation  ein 
Mittel  (74)  aufweist  zum  derartigen  Vorbehandeln 
einer  Nachricht,  dass  diese  die  Fehlerdetektions-  55 
kontrollbits  enthalt,  und  dass  der  Empfanger  Mit- 
tel  (77,  78)  aufweist  zum  Detektieren  der  Vorbe- 
handlung  der  Nachricht  und  zum  Durchfiihren 
einer  zusatzlichen  Kontrollezum  Detektieren  einer 
falschen  Korrektur  empfangener  fehlerhafter  so 
Daten. 

3.  System  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  dass  der  Empfanger  Mittel  (100,  104, 
106)  aufweist,  die  in  Antwort  auf  die  Detektion  der 
vorbehandelten  Nachricht  eine  Fehlerkorrektur-  65 

technik  anwenden,  die  anders  ist  als  diejenige,  die 
angewandt  wird,  wenn  eine  empfangene  Nach- 
richt  nicht  vorbehandelt  worden  ist. 

4.  System  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  dass  das  Fehlerkorrekturmittel  eine 
erfolgreichere  aber  unakzeptierbare  Falschmelde- 
rate-Fehlerkorrektur  durchfiihrt,  wenn  das  emp- 
fangene  Signal  vorbehandelt  worden  ist  und  eine 
weniger  erfolgreiche  aber  akzeptierbare  Fal- 
schmelderate-Fehlerkorrektur  durchfuhrt,  wenn 
das  empfangene  Signal  nicht  vorbehandelt  wor- 
den  ist. 

5.  System  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  dass  die  erfolgreichere  Fehlerkorrektur 
eine  4-Bit-Burst-Korrektur  und  die  weniger  erfoig- 
reiche  Fehlerkorrektur  eine  1-Bit-Zufalls-Fehler- 
korrektur  ist. 

6.  System  nach  einem  der  Anspruche  2  bis  5, 
dadurch  gekennzeichnet,  dass  das  Mittel  (74)  zum 
Vorbehandeln  einer  Nachricht  ein  Adresse 
anwendet,  die  anders  ist  als  diejenige,  die  ange- 
wandt  wird,  wenn  keine  Fehlerdetektionskontroll- 
bits  eingeschlossen  werden  sollen. 

7.  System  nach  einem  der  Anspruche  2  bis  5, 
dadurch  gekennzeichnet,  dass  das  Mittel  zum 
Vorbehandeln  einer  Nachricht  an  (einer)  selektier- 
ten  Stelle(n)  in  wenigstens  einem  Kodewort  einer 
kodierten  Nachricht  Einfiigebits  enthalt,  wobei 
diese  Bits  fur  das  anzuwendende  Kodierungsver- 
fahren  bezeichnend  sind. 

8.  System  nach  einem  der  Anspruche  1  bis  7, 
dadurch  gekennzeichnet,  dass  das  Mittel  (68)  zum 
Ableiten  der  vorbestimmten  Anzahl  Fehlerkon- 
trollbits  Mittel  aufweist  zum  Zusammenstellen 
einer  vollstandigen  Kette  Informationsbits,  Mittel 
zum  Teilen  der  Kette  durch  ein  n-Bit  Generatorpo- 
lynom,  wobei  n  eine  ganze  Zahl  ist,  und  zum 
Bilden  des  (n-D-Restes  dieser  Teilung,  sowie 
Mittel  zum  Ersetzen  der  Fehlerdetektionskontroll- 
bits  durch  eine  gleich  Anzahl  Informationsbits  in 
der  vollstandigen  Kette  Informationsbits. 

9.  System  nach  Anspruch  8,  dadurch  gekenn- 
zeichnet,  dass  die  Fehlerdetektionskontrollbits 
durch  eine  gleiche  Anzahl,  das  Ende  der  vollstan- 
digen  Kette  Informationsbits  bildender  Nullen 
ersetzt  werden. 

10.  System  nach  einem  der  Anspruche  1  bis  9, 
dadurch  gekennzeichnet,  dass  das  Kodeformat 
POCSAG  ist. 

Revendications 

1.  Systeme  de  transmission  de  donnees  nume- 
riques  comprenant  une  station  de  base  compor- 
tant  un  dispositif  de  codage  (64  ou  72)  pour  coder 
des  donnees  de  message  conformement  a  un 
format  de  mot  de  code  qui  comprend  des  bits 
d'information  et  des  bits  de  controle  de  redon- 
dance  cyclique,  ainsi  qu'un  dispositif  (66)  pour 
transmettre  le  message  code  et  un  recepteur 
comportant  un  dispositif  pour  recevoir  le  mes- 
sage  code  transmis,  un  dispositif  reagissant  aux 
bits  de  controle  de  redondance  cyclique  pour 
determiner  la  presence  d'erreurs  dans  un  mot  de 
code  regu,  ainsi  qu-un  dispositif  (82)  pour  appli- 
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5.  Systeme  suivant  la  revendication  4,  caracte- 

rise  en  ce  que  la  correction  d'erreurs  plus  effi- 
cace  est  une  correction  d'erreur  de  4  bits  par 
salve  et  la  correction  d'erreur  molns  efficace  est 
une  correction  d'erreurs  de  1  bit  aleatoire. 

6.  Systeme  suivant  I'une  quelconque  des 
revendications  2  a  5,  caracterise  en  ce  que  le 
dispositif  (74)  pour  preconditionner  un  message 
applique  une  adresse  differente  de  celle  appli- 
quee  lorsqu-il  ne  faut  pas  inclure  de  bits  de 
controle  de  detection  d'erreurs. 

7.  Systeme  suivant  I'une  quelconque  des 
revendications  2  a  5,  caracterise  en  ce  que  le 
dispositif  pour  preconditionner  un  message 
insere  des  bits  en  un  ou  plusieurs  endroits  choi- 
sis  dans  au  moins  un  mot  de  code  d'un  message 
code,  ces  bits  etant  indicatifs  du  procede  de 
decodage  a  utiliser. 

8.  Systeme  suivant  I'une  quelconque  des 
revendications  1  a  7,  caracterise  en  ce  que  le 
dispositif  (68)  destine  a  deriver  le  nombre  prede- 
termine  de  bits  de  controle  de  detection  d'er- 
reurs  comprend  un  moyen  pour  assembler  un 
chapelet  complet  de  bits  d'information,  un 
moyen  pour  diviser  le  chapelet  par  un  polynome 
generateur  de  n  bits,  n  etant  un  nombre  entier,  et 
pour  former  le  reste  (n-1)  de  cette  division,  et  un 
moyen  substituant  les  bits  de  controle  de  detec- 
tion  d'erreurs  a  un  nombre  egal  de  bits  d'infor- 
mation  dans  le  chapelet  complet  des  bits  d'infor- 
mation. 

9.  Systeme  suivant  la  revendication  8,  caracte- 
rise  en  ce  que  les  bits  de  controle  de  detection 
d'erreurs  sont  substitues  a  un  nombre  egal  de 
zeros  formant  I'extremite  du  chapelet  complet 
des  bits  d'information. 

10.  Systeme  suivant  I'une  quelconque  des 
revendications  1  a  9,  caracterise  en  ce  que  le 
format  de  code  est  le  format  POCSAG. 

quer  une  correction  d'erreurs  a  un  mot  de  code 
sur  base  de  mots  de  code,  caracterise  en  ce  que 
la  station  de  base  comprend,  en  outre,  un  dispo- 
sitif  (68)  pour  deriver  un  nombre  predetermine 
de  bits  de  controle  de  detection  d'erreurs  et  un 
dispositif  (70)  pour  substituer  les  bits  de  controle 
de  detection  d'erreurs  a  un  nombre  egal  de  bits 
d'information  du  message  a  transmettre  et  le 
recepteur  comprend,  en  outre,  un  dispositif  pour 
detecter  une  correction  intempestive  de  donnees 
erronees  regues. 

2.  Systeme  suivant  la  revendication  1  ,  caracte- 
rise  en  ce  que  les  bits  de  controle  de  detection 
d'erreurs  sont  codes  par  le  dispositif  de  codage 
(72)  de  maniere  a  presenter  le  meme  format  que 
les  donnees  de  message  codees,  en  ce  que  la 
station  de  base  comprend  un  dispositif  (74)  pour 
preconditionner  un  message  de  telle  sorte  qu'il 
comprenne  les  bits  de  controle  de  detection 
d'erreurs,  et  en  ce  que  le  recepteur  comporte  des 
moyens  (77,  78)  pour  detecter  le  preconditionne- 
ment  du  message  et  pour  effectuer  un  controle 
supplemental  pour  detecter  une  correction 
intempestive  sur  des  donnees  erronees  regues. 

3.  Systeme  suivant  la  revendication  2,  caracte- 
rise  en  ce  que  le  recepteur  comprend  des 
moyens  (100,  104,  106)  reagissant  a  la  detection 
du  message  preconditionne  pour  appliquer  une 
technique  de  correction  d'erreurs  differente  de 
celle  qui  est  appliquee  si  un  message  regu  n'a 
pas  ete  preconditionne. 

4.  Systeme  suivant  la  revendication  3,  caracte- 
rise  en  ce  que  le  dispositif  de  correction  d'erreurs 
applique  une  correction  d'erreurs  plus  efficace, 
mais  a  taux  d'interventions  intempestives  inac- 
ceptable,  si  le  signal  regu  a  ete  preconditionne  et 
une  correction  d'erreurs  moins  efficace,  mais  a 
taux  d'interventions  intempestives  acceptable,  si 
le  signal  regu  n'a  pas  ete  preconditionne. 
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