
J  
E u r o p a , s c h e s P _   MM  M  II  II  INI  Mi l l   IN  II  MM  II 
European  Patent  Office  _  _  _  
_„.  ©  Publication  number:  0  3 2 5   2 3 3   B 1  
Office  europeen  des  brevets 

©  E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  27.07.94  ©  Int.  CI.5:  G06K  9/72,  G06K  9 /32  

©  Application  number:  89100819.5 

@  Date  of  filing:  18.01.89 

©  Character  string  recognition  system. 

®  Priority:  18.01.88  JP  7926/88  et  al.:  "Character  segmentation  in  Japanese 
18.01.88  JP  7927/88  hand-written  document  images" 

@  Date  of  publication  of  application:  ©  Proprietor:  KABUSHIKI  KAISHA  TOSHIBA 
26.07.89  Bulletin  89/30  72,  Horikawa-cho 

Saiwai-ku 
©  Publication  of  the  grant  of  the  patent:  Kawasaki-shi  Kanagawa-ken  210(JP) 

27.07.94  Bulletin  94/30 
@  Inventor:  Ool,  Katsunori  c/o  Patent  Division 

©  Designated  Contracting  States:  Kabushiki  Kaisha  Toshiba 
DE  FR  IT  1-1  Shibaura  1-chome 

Minato-Ku  Tokyo  105(JP) 
©  References  cited:  Inventor:  Sasaki,  Hiroshi  c/o  Patent  Division 

Kabushiki  Kaisha  Toshiba 
PATENT  ABSTRACTS  OF  JAPAN,  vol.  7,  no.  1-1  Shibaura  1-chome 
142  (P-205)[1287],  22nd  June  1983;&  JP-A-58  Minato-Ku  Tokyo  105(JP) 
56  189  (DENSHI  KEISANKI)  02-04-1983  Inventor:  Ariyoshi,  Shunji  c/o  Patent  Division 

Kabushiki  Kaisha  Toshiba 
PATENT  ABSTRACTS  OF  JAPAN,  vol.  12,  no.  1-1  Shibaura  1-chome 
53  (P-668)[2900],  18th  February  1988;&  JP-  Minato-Ku  Tokyo  105(JP) 
A-62  198  990  (NEC  CORP.)  02-09-1987 

PATENT  ABSTRACTS  OF  JAPAN,  vol.  11,  no.  ©  Representative:  Henkel,  Feiler,  Hanzel  &  Part- 
337  (P-633)[2784],  5th  November  1987;&  JP-  ner 
A-62  120  586  (RICOH  CO.,  LTD)  01-06-1987  Mohlstrasse  37 

D-81675  Munchen  (DE) 
EIGHTH  INTERNATIONAL  CONFERENCE  ON 
PATTERN  RECOGNITION,  Paris,  27th  - 
31stOctober  1986,  pages  769-772;  Y.  MAEDA 

00 

00 
00 
CM 
m  
CM 
00 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person 
may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 
has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 
(3.  10/3.09/3.3.3) 



EP  0  325  233  B1 

Description 

The  present  invention  relates  to  a  character  recognition  system  for  recognizing  a  character  string  read 
through,  e.g.,  an  optical  character  reading  apparatus. 

5  Normally,  a  character  string  printed  on  a  slip  is  read  by  an  optical  character  reader  (OCR),  and  the  read 
character  string  is  recognized  in  units  of  characters  to  be  input  to  a  computer.  In  this  case,  various 
character  recognition  techniques  have  been  proposed,  as  described  in  US-A-3,541  ,51  1  ,  for  example. 

In  such  a  character  recognition  system,  when  a  handwritten  character  string  is  to  be  recognized,  various 
problems  are  posed.  For  example,  since  handwritten  characters  have  a  variety  of  sizes,  individual 

io  characters  must  be  extracted  from  an  input  character  string.  In  this  case,  when  a  handwritten  character  is  a 
Chinese  character,  its  left-  and  right-hand  radicals  may  be  extracted  as  separate  character  strings.  For 
example,  as  shown  in  Fig.  1,  if  a  character  string 

75 

is  input,  characters  may  be  extracted  like 

20 

" 4 ^ M " '   "^WSUf" /   " t l ^ f "   / 

25 
and  so  on,  as  shown  in  Fig.  2.  As  a  result,  a  recognition  result  may  become  different  from  the  input 
character  string. 

In  a  conventional  system,  recognition  character  candidates  corresponding  to  characters  are  stored  in  a 
recognition  result  memory.  A  character  candidate  string  of  a  character  string  to  be  recognized  is  generated 

30  using  the  character  candidates  stored  in  the  recognition  result  memory,  and  is  stored  in  a  character 
candidate  memory.  The  character  candidate  string  is  read  out  from  the  character  candidate  memory,  and  is 
collated  with  a  character  string  of  a  dictionary  word  registered  in  a  dictionary  memory,  thereby  obtaining  a 
recognition  result. 

An  input  character  string  may  be  input  upside  down.  In  order  to  cope  with  this  situation,  in  the 
35  conventional  system,  character  extraction  is  performed  from  the  starting  character  side  of  the  input 

character  string  and  recognition  processing  of  the  extracted  character  is  executed.  At  the  same  time, 
character  extraction  is  also  performed  from  the  tail  character  side  of  the  input  character  string,  and  after  the 
extracted  characters  are  rotated  through  180  degrees,  recognition  processing  is  performed.  Then,  these 
recognition  results  are  stored  in  a  recognition  dictionary  memory,  and  a  character  candidate  string  is 

40  generated,  as  described  above.  However,  for  this  purpose,  two  character  extraction  operations  from  the 
starting  and  tail  character  sides  and  management  of  the  extracted  characters  by  means  of  numbering  must 
be  performed  for  each  input  character  string,  resulting  in  a  considerable  load.  An  excessive  memory 
capacity  for  the  upside-down  character  extraction  is  also  necessary.  As  a  result,  a  total  memory  capacity 
necessary  for  the  recognition  result  memory  and  the  character  candidate  string  memory  is  considerably 

45  increased. 
A  conventional  character  recognition  system  is  disclosed  in  JP-A-61-160182;  Y.  KUROSAWA  publica- 

tion  date:  July  19,  1986.  In  this  character  recognition  system,  since  the  recognition  direction  of  characters  is 
limited  to  one  direction,  if  characters  rotated  through  180  degrees  are  input,  they  cannot  be  recognized. 

Prior  art  document  Japanese  Patent  Abstract  of  JP-A-58-56  189  teaches  recognition  of  characters  and 
50  composition  of  the  characters  into  words  which  are  supplied  to  a  matching  circuit  for  word  recognition  by 

comparison  with  words  in  a  word  dictionary. 
Further,  it  is  known  from  document  "EIGHTH  INTERNATIONAL  CONFERENCE  ON  PATTERN  REC- 

OGNITION",  Paris,  27th  -  31st  October  1986,  pages  769-772;  Y.  MAEDA  et  al.:  "Character  segmentation  in 
Japanese  hand-written  document  images"  that  initial  character  segmentation  may  separate  one  character 

55  into  pieces,  which  have  to  be  recombined  to  yield  a  correct  word. 
Finally,  processing  also  of  rotated  characters  is  known  e.g.  from  JP-A-62-198  990  and  62-120  586. 
It  is  an  object  of  the  present  invention  to  provide  a  character  recognition  system  which  can  reduce  a 

memory  capacity  and  can  improve  processing  efficiency. 
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To  solve  this  object  the  present  invention  provides  a  character  recognition  system  as  specified  in  claim 
1. 

Other  objects  and  features  of  the  present  invention  will  be  apparent  from  the  following  description  taken 
in  connection  with  the  following  figures  in  which: 

5  Fig.  1  is  a  view  for  explaining  a  character  string  input  to  a  conventional  character  recognition  system  and 
a  character  recognition  system  according  to  the  present  invention; 
Fig.  2  is  a  view  for  explaining  character  extraction  from  the  input  character  string  shown  in  Fig.  1; 
Fig.  3  is  a  block  diagram  showing  a  character  recognition  system; 
Fig.  4  is  a  view  for  explaining  a  transition  network  for  controlling  character  extraction  of  the  input 

io  character  string; 
Fig.  5  is  a  view  for  explaining  character  candidate  groups  stored  in  a  recognition  result  memory; 
Fig.  6  is  a  view  for  explaining  management  data  indicating  a  combination  of  character  candidates 
constituting  a  character  string  candidate; 
Fig.  7  is  a  view  for  explaining  addresses  of  a  recognition  result  memory  stored  in  an  address  pointer 

is  memory; 
Fig.  8  is  a  block  diagram  showing  an  embodiment  of  a  character  recognition  system  according  to  the 
present  invention; 
Figs.  9A  and  9B  are  views  showing  character  candidate  groups  stored  in  first  and  second  recognition 
result  memories  when  the  character  string  shown  in  Fig.  1  is  input  in  the  system  shown  in  Fig.  3; 

20  Fig.  1  0A  is  a  view  showing  a  character  string  which  is  input  upside  down,  and  Fig.  1  0B  is  a  view  for 
explaining  character  extraction  of  the  input  character  string  shown  in  Fig.  10A; 
Figs.  11A  and  1  1  B  are  views  showing  character  candidate  groups  stored  in  first  and  second  recognition 
result  memories  when  the  character  string  shown  in  Fig.  10A  is  input  in  the  embodiment  shown  in  Fig.  8; 
Fig.  12  is  a  transition  network  for  controlling  character  extraction  when  the  character  string  shown  in  Fig. 

25  10A  is  input; 
Fig.  13  is  a  management  data  table  showing  combinations  of  character  candidates  generated  from  the 
transition  network  shown  in  Fig.  12;  and 
Fig.  14  is  a  view  showing  a  content  of  an  address  pointer  memory  shown  in  Fig.  8. 
Fig.  3  is  a  block  diagram  showing  a  character  recognition  system.  Character  recognition  section  21 

30  extracts  individual  characters  from  a  character  string  input  from,  e.g.,  an  OCR  and  computes  a  plurality  of 
character  recognition  candidates  of  each  extracted  character  and  their  similarities.  Character  recognition 
section  21  is  described  in  detail  in  US-A-3,541  ,51  1  .  A  detailed  technique  of  the  similarity  computation  is 
described  in  US-A-3,688,267. 

Recognition  result  memory  23  stores  a  plurality  of  character  candidates  and  their  similarities  output 
35  from  section  21.  In  this  system,  memory  23  stores  first  through  tenth  character  candidates  for  each 

extracted  character.  Address  pointer  memory  27  stores  addresses  for  accessing  memory  23.  More 
specifically,  memory  27  stores  addresses  of  the  recognition  result  memory  locations  at  which  character 
candidate  groups  necessary  for  generating  character  string  candidates  corresponding  to  an  input  character 
string  are  stored,  in  units  of  character  candidates  and  in  correspondence  with  first  through  tenth  character 

40  candidate  groups.  Note  that  counter  25  supplies  addresses  for  sequentially  reading  out  the  first  through 
tenth  character  candidate  groups  stored  in  the  recognition  result  memory.  Addresses  are  supplied  from 
memory  27  through  counter  25  to  read  out  character  string  candidates  from  recognition  result  memory  23. 
The  readout  candidate  is  supplied  to  coincidence  computing  section  31  . 

Word  dictionary  33  as  a  dictionary  memory  stores  a  plurality  of  character  strings  of  words  to  be 
45  recognized.  Corresponding  character  strings  are  supplied  from  word  dictionary  33  to  coincidence  computing 

section  31  in  accordance  with  addresses  supplied  from  address  counter  35  under  the  control  of  control 
section  37.  Section  31  computes  coincidences  between  the  character  string  candidates  supplied  from 
recognition  result  memory  23  and  character  strings  of  dictionary  words  supplied  from  dictionary  memory 
33.  Control  section  37  comprises,  e.g.,  a  microcomputer,  and  outputs  a  character  string  candidate  having  a 

50  highest  one  of  coincidences  supplied  from  the  coincidence  computing  section  as  a  recognition  result  of  the 
input  character  string. 

Assume  that  a  character  string 

55 

is  input,  as  shown  in  Fig.  1.  Character  recognition  section  21  obtains  separation  data  of  characters  like  a,  b, 
c,  d,  e,  and  f,  and  forms  a  transition  network,  as  shown  in  Fig.  4.  The  arcs  of  the  transition  network  are 
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sequentially  labeled,  and  are  used  as  management  data  of  character  candidates.  More  specifically,  the  input 
character  string 

is  extracted  as  a  character  portion 

(label  0),  a  character  portion 

(label  1),  a  character  portion 

(label  2),  a  character  portion 

(label  3),  a  character  portion 

(label  4),  a  character  portion 

(label  5),  and  a  character  portion 

(label  6).  For  each  extracted  character,  first  through  tenth  character  candidates  are  obtained.  As  a  result, 
first  through  tenth  recognition  character  candidates  are  stored  in  the  recognition  result  memory,  as  shown  in 
Fig.  5. 

45  When  a  character  string  to  be  recognized  consists  of,  e.g.,  three  characters,  address  pointer  memory 
27  reads  out  three  continuous  recognition  character  candidates  from  recognition  result  memory  23,  and 
forms  management  data  of  a  combination  of  character  candidates  from  which  a  character  candidate  string 
is  to  be  generated,  as  shown  in  Fig.  6.  In  this  system,  management  data  0-»1  -»2,  0-»3-»4,  0 - » 3 - » 6 ,  
1 - » 2 - » 4 ,   1 -»2-»6 ,   and  2  -►  4  -►  5  are  formed.  Address  pointer  memory  27  stores  addresses  of  the 

50  recognition  result  memory  at  which  character  candidates  are  actually  stored  based  on  the  management 
data.  For  example,  if  the  character  string  is  constituted  by  three  characters  like 

as  shown  in  Fig.  1,  addresses  "0",  "10",  and  "20"  at  which  first  character  candidates  are  stored  in 
recognition  result  memory  23  are  stored  in  memory  27  in  correspondence  with  label  data  0  -►  1  -►  2  as 
shown  in  Fig.  7.  Similarly,  addresses  "0",  "30",  and  "40"  are  stored  in  correspondence  with  label  data  0  -► 

4 
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3  -►  4;  addresses  "0",  "30",  and  "60"  are  stored  in  correspondence  with  label  data  0  -►  3  -►  6;  addresses 
"10",  "20",  and  "40"  are  stored  in  correspondence  with  label  data  1  -  2  -  4;  addresses  "10",  "20",  and 
"60"  are  stored  in  correspondence  with  label  data  1  —  2  —  6;  and  addresses  "20",  "40",  and  "50"  are 
stored  in  correspondence  with  label  data  2  -►  4  -►  5.  Therefore,  control  section  37  controls  to  increment 

5  address  counter  29  by  one,  thus  obtaining  a  read  address  for  accessing  recognition  result  memory  23  from 
the  address  pointer  memory.  The  readout  address,  e.g.,  "0"  is  supplied  to  counter  25.  Counter  25  counts 
ten  times  from  an  initial  value  supplied  from  memory  27,  and  supplies  counts  to  recognition  result  memory 
23  as  addresses.  As  a  result,  first  through  tenth  character  candidates  are  read  out  from  the  recognition 
result  memory,  and  are  supplied  to  coincidence  computing  section  31.  Similarly,  address  pointer  "10" 

io  stored  at  address  "1  "  of  address  pointer  memory  27  is  read  out,  and  is  supplied  to  counter  25.  Thus,  the 
counter  supplies  addresses  "10"  through  "19"  to  recognition  result  memory  23.  As  a  result,  a  character 
candidate  group  consisting  of 

■I  ,-K  H  ti  J,  n  ti  if 4 - /   7f-  t  r~  I  •  •  •  I 
20 

and  a  character  candidate  group  consisting  of 

n  ^  n  ii  i  n  n  i  it  n  j-,  it  n  ,  n i p f   M»  »  - L f   V  t  7̂   I  •  •  '  t 
25 

are  supplied  to  coincidence  computing  section  31.  Furthermore,  address  pointer  "20"  is  read  out  from 
address  pointer  memory  27,  and  the  counter  supplies  addresses  "20"  to  "29"  to  memory  23  based  on  the 
address  pointer.  As  a  result,  a  character  candidate  group  consisting  of 

30  "  ©  "  ,  "  a  "  ,  "  <£  "  ,  "  ®  "  ,  "  £  •  ,  . . .  

are  supplied  to  coincidence  computing  section  31  .  Similarly,  a  character  string  candidate  corresponding  to 
addresses  "0",  "30",  "40",  a  character  string  candidate  corresponding  to  addresses  "0",  "30",  "60",  a 

35  character  string  candidate  corresponding  to  addresses  "10",  "20",  "40",  a  character  string  candidate 
corresponding  to  addresses  "10",  "20",  "60",  and  a  character  string  candidate  corresponding  to  addresses 
"20",  "40",  "50"  are  read  out  from  recognition  result  memory  23,  and  are  sent  to  coincidence  computing 
section  31  . 

Coincidence  computing  section  31  performs  coincidence  computation  between  the  supplied  character 
40  string  candidates  and  character  strings  of  dictionary  words  stored  in  word  dictionary  33.  As  a  result,  control 

section  37  outputs  a  character  string  having  a  highest  coincidence  as  a  recognition  result  of  the  input 
character  string. 

Fig.  8  is  a  block  diagram  showing  an  embodiment  of  the  present  invention.  Note  that  the  same 
reference  numerals  in  Fig.  8  denote  the  same  parts  as  in  Fig.  3,  and  a  detailed  description  thereof  will  be 

45  omitted.  In  the  system  shown  in  Fig.  3,  a  character  string  supplied  from  the  OCR  is  recognized  in  a  forward 
direction  without  being  rotated.  In  contrast  to  this,  in  the  embodiment  shown  in  Fig.  8,  a  character  string 
supplied  from  the  OCR  is  recognized  in  a  forward  direction  without  being  rotated,  and  at  the  same  time,  the 
input  character  string  is  rotated  through  180  degrees  and  the  rotated  character  string  is  recognized  in  the 
opposite  direction.  As  a  result,  even  if  an  original  to  be  read  by  the  OCR  is  set  upside  down,  correct 

50  recognition  can  be  achieved.  This  embodiment  will  be  described  below  in  detail.  First  recognition  result 
memory  23  has  the  same  arrangement  as  that  of  recognition  result  memory  23  shown  in  Fig.  3,  and  stores 
first  through  tenth  character  candidate  groups  and  their  similarities  in  correspondence  with  characters 
extracted  in  the  forward  direction  by  character  recognition  section  21  from  a  character  string  input  from  the 
OCR. 

55  In  contrast  to  this,  second  recognition  result  memory  47  stores  first  through  tenth  character  candidate 
groups  of  characters  obtained  by  rotating  characters  of  the  input  character  string  through  180  degrees,  and 
their  similarities.  Counters  25  and  41  output  addresses  for  reading  out  first  through  tenth  character 
candidate  groups  from  first  and  second  recognition  result  memories  23  and  47,  respectively.  Address 
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counter  41  is  an  up-down  counter,  and  outputs  addresses  to  address  pointer  memory  45  in  an  ascending  or 
descending  order.  Selector  43  supplies  addresses  in  the  ascending  order  output  from  address  pointer 
memory  45  to  first  recognition  result  memory  23,  and  supplies  addresses  in  the  descending  order  to 
second  recognition  result  memory  47  based  on  a  selection  signal  output  from  control  section  37. 

The  operation  of  the  embodiment  shown  in  Fig.  8  will  be  described  below  with  reference  to  Figs.  9A 
through  14.  Assume  that  a  character  string  input  from  the  OCR  is 

as  shown  in  Fig.  1.  In  this  case,  character  recognition  section  21  forms  a  transition  network  shown  in  Fig.  4, 
and  generates  management  data  shown  in  Fig.  6,  in  the  same  manner  as  described  with  reference  to  Fig.  3. 
Therefore,  a  group  of  first  through  tenth  character  candidates  are  stored  in  first  recognition  result  memory 
23  in  an  order  of 

"  p  "  ,  "  t  "  , 

"  ©  "  ,  "W  "  ,  "  5  "  ,  "  f   "  ,  and  "  *f  " 

like  the  content  of  memory  23  shown  in  Fig.  5.  On  the  other  hand,  section  21  obtains  a  group  of  first 
through  tenth  character  candidates  for  characters 

"  ,  a n d  

obtained  by  rotating  the  characters 

" t " ,   "  ©  "  ,  "  ,  "  "  ,  "  t   "  ,  and  "?f   " 

through  180  degrees,  and  stores  them  in  second  recognition  result  memory  47.  Thus,  character  candidate 
groups  are  stored  in  second  recognition  result  memory  47,  as  shown  in  Fig.  9B.  The  same  management 
data  as  in  Fig.  6  indicating  combinations  of  character  candidates  are  then  formed.  As  a  result,  addresses  for 

45  accessing  first  and  second  recognition  result  memories  23  and  47  are  stored  in  address  pointer  memory 
45,  as  shown  in  Fig.  7.  Control  section  37  controls  address  counter  49  to  perform  a  count-up  operation,  and 
controls  selector  43  to  select  the  first  recognition  result  memory.  Address  "0"  is  then  read  out  from  address 
pointer  memory  45,  and  is  supplied  to  counter  25.  Counter  25  supplies  addresses  "0"  through  "9"  to 
memory  23  from  address  "0"  as  an  initial  value.  The  characters 

55 II  -f  II K  »  •  •  • 

6 
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are  read  out  from  memory  23,  and  are  supplied  to  coincidence  computing  section  31.  Address  "10"  is  then 
read  out  from  memory  45,  and  is  supplied  to  counter  25.  As  a  result,  counter  25  counts  addresses  "10"  to 
"19"  from  address  "10"  as  an  initial  value,  and  supplies  them  to  memory  23.  Thus,  memory  23  outputs 
characters 

5 

"vt~",  n K " ,   " 4 1 " ,  

to  coincidence  computing  section  31.  Similarly,  control  section  37  fetches  address  "20"  from  memory  45, 
io  and  supplies  it  to  counter  25  through  selector  43.  Thus,  characters 

"  s  "  ,  "  a   -  , 

15 
"  £  "#  "  ft  "  ,  " I " , . . .  

are  read  out  from  memory  23,  and  are  supplied  to  coincidence  computing  section  31  .  Similarly,  a  character 
20  string  candidate  corresponding  to  addresses  "0",  "30",  "40",  a  character  string  candidate  corresponding  to 

addresses  "10",  "20",  "40",  a  character  string  candidate  corresponding  to  addresses  "10",  "20",  "60",  and 
a  character  string  candidate  corresponding  to  addresses  "20",  "40",  "50"  are  output  from  memory  23  to 
section  31  .  Section  31  performs  coincidence  computation  between  supplied  character  string  candidates  and 
character  strings  of  dictionary  words  in  word  dictionary  33.  As  a  result,  control  section  37  outputs  a 

25  character  string  having  a  highest  coincidence  as  a  recognition  result  of  the  input  character  string. 
On  the  other  hand,  control  section  37  controls  address  counter  49  to  perform  a  count-down  operation, 

and  controls  selector  43  so  that  addresses  are  supplied  from  address  pointer  memory  45  to  second 
recognition  result  memory  47.  As  a  result,  control  section  37  sets  "17"  in  address  counter  49  as  an  initial 
value,  and  sends  a  down-count  control  signal  to  address  counter  49.  Address  "50"  is  read  out  from  address 

30  "17"  of  memory  45,  and  is  supplied  to  counter  41  through  selector  43.  Counter  41  supplies  addresses  "50" 
through  "59"  to  memory  47,  so  that  memory  47  sends  characters 

it  X.  ii 

35 

40  to  coincidence  computing  section  31  .  Similarly,  memory  47  supplies  characters 

ii  ii  n.  "  "  —  "  "  i*-  "  D —  i  \—  i  i  /  a  f  . .   ,  f 

45  stored  at  addresses  "40"  through  "49"  to  coincidence  computing  section  31.  Furthermore,  memory  47 
outputs  characters 

50 

" S   ",  "®  ",  " 3  

55  corresponding  to  addresses  "20"  through  "29"  to  section  31.  Similarly,  addresses  "60",  "20",  and  "10"  are 
read  out  from  address  pointer  memory  45,  and  a  corresponding  character  string  candidate  is  supplied  to 
section  31  under  the  control  of  counter  41.  This  operation  is  repeated  until  addresses  "20",  "10",  and  finally 
"0"  are  read  out  from  memory  45.  In  this  case,  section  31  determines  that  no  character  string  coinciding 
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70 

25 

45 

55 

with  the  input  character  string  is  present. 
Recognition  when  a  character  string  is  input  in  the  form  of 

as  shown  in  Fig.  10A  will  be  described  below.  In  this  case,  character  recognition  section  21  obtains  first 
through  tenth  character  candidates  corresponding  to 

"7&"f  " 8 " , .   "fflTf  "  c " ,   a n d  

..  as* 
75  y  

and  stores  them  in  first  recognition  result  memory  23.  Furthermore,  section  21  obtains  first  through  tenth 
character  candidates  corresponding  to  characters 

20  « f « f  

" 5 " ,   " 5 f " ,   " © " ,   " f®" ,   and  "  if»  " 

obtained  by  rotating  the  above  characters  through  180  degrees,  and  stores  them  in  second  recognition 
result  memory  47.  A  transition  network  shown  in  Fig.  12  is  formed  based  on  separation  data  a,  b,  c,  d,  e, 
and  f  and  label  data  shown  in  Fig.  10A.  Section  21  forms  management  data  indicating  combinations  of 

30  character  candidates  constituting  a  character  string  candidate  based  on  the  transition  network,  as  shown  in 
Fig.  13.  As  a  result,  addresses  for  accessing  first  and  second  memories  23  and  47  are  stored  in  memory 
45,  as  shown  in  Fig.  14. 

Control  section  37  controls  address  counter  49  to  perform  a  count-up  operation.  As  a  result,  address 
counter  49  supplies  address  "0"  to  address  pointer  memory  45.  Memory  45  outputs  address  "0".  Address 

35  "0"  is  supplied  to  counter  25  through  selector  43.  Counter  25  counts  addresses  "0"  through  "9"  and 
supplies  them  to  memory  23.  Memory  23  outputs  contents  at  addresses  "0"  through  "9",  i.e., 

40 
to  the  coincidence  computing  section.  Counter  49  then  increments  an  address  by  one  and  supplies  address 
"10"  to  memory  45.  Thus,  memory  45,  supplies  address  "10"  to  memory  23.  As  a  result,  memory  23 
outputs  contents  at  addresses  "10"  through  "19",  i.e., 

it  —  it  it  r  n  n  j_  n —  r  1-  I  I 

ii  J-  ii  n  Q  ii 
50  v-  f  a  ,  . . .  

to  coincidence  computing  section  31.  Similarly,  since  counter  49  supplies  address  "30"  to  memory  45, 
memory  45  supplies  address  "30"  to  counter  25  through  the  selector.  Thus,  counter  25  supplies  addresses 
"30"  through  "39"  to  memory  23.  Therefore,  memory  23  outputs  characters 
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to  coincidence  computing  section  31.  Similarly,  a  character  string  candidate  corresponding  to  addresses 
5  "10",  "30",  and  "40",  a  character  string  candidate  corresponding  to  addresses  "10",  "50",  and  "60",  a 

character  string  candidate  corresponding  to  addresses  "20",  "30",  and  "40",  a  character  string  candidate 
corresponding  to  addresses  "20",  "50",  and  "60",  and  a  character  string  candidate  corresponding  to 
addresses  "30",  "40",  and  "60"  are  read  out  from  memory  23  and  are  supplied  to  section  31.  Section  31 
performs  coincidence  computation  between  supplied  character  strings  and  character  strings  of  dictionary 

io  words  in  word  dictionary  33.  As  a  result,  control  section  37  outputs  a  character  string  having  a  highest 
coincidence  as  a  recognition  result  of  the  input  character  string.  However,  in  this  case,  there  is  no  result 
corresponding  to  the  input  character  string. 

Control  section  37  controls  address  counter  49  to  perform  a  count-down  operation,  and  controls  selector 
43  so  that  addresses  are  supplied  from  memory  45  to  memory  47.  As  a  result,  control  section  37  sets  "17" 

is  in  address  counter  49  as  an  initial  value,  and  sends  a  down-count  control  signal  to  address  counter  49.  As  a 
result,  address  "60"  is  read  out  from  address  "17"  of  memory  45,  and  is  supplied  to  counter  41  through 
selector  43.  Counter  41  then  supplies  addresses  "60"  through  "69"  to  second  recognition  result  memory 
47.  Memory  47  outputs 

20 

25 

30 

"  vU",  " 1 " ,   "<p" t   » % » , . . .  

to  coincidence  computing  section  31.  Similarly,  memory  47  outputs 

•M-" ,   " f " ,  

stored  at  addresses  "40"  through  "49"  to  section  31.  Furthermore,  memory  47  supplies 

" £ ) " ,   " ® » ,   » | » M , ,  

stored  at  addresses  30  through  39  to  section  31.  In  this  manner,  a  character  string  corresponding  to 
addresses  "60",  "50",  and  "40",  a  character  string  corresponding  to  addresses  "40",  "30",  and  "20",  a 

35  character  string  corresponding  to  addresses  "60",  "50",  and  "10",  a  character  string  corresponding  to 
addresses  "40",  "30",  and  "10",  and  a  character  string  corresponding  to  addresses  "30",  "10",  and  "0"  are 
read  out  from  memory  47,  and  are  supplied  to  section  31.  The  coincidence  computing  section  computes 
coincidences  of  the  input  character  strings,  and  supplies  them  to  control  section  37.  As  a  result,  control 
section  37  outputs  a  character  string  having  a  highest  coincidence  as  a  recognition  result  of  the  input 

40  character  string.  In  this  case,  when  addresses  "60",  "50",  and  "20"  are  supplied  to  second  recognition 
result  memory  47,  a  character  string 

45 
is  recognized. 

The  present  invention  is  not  limited  to  the  above  embodiment.  For  example,  various  techniques  of 
extracting  characters  from  an  input  character  string,  and  character  recognition  techniques  of  extracted 
characters  may  be  appropriately  selected,  and  the  generation  order  of  character  candidate  strings  may  be 

50  determined  depending  upon  applications.  Dictionary  words  to  be  recognized  and  their  numbers  of  char- 
acters  are  not  particularly  limited. 

Claims 

55  1.  A  character  string  recognition  system  for  recognizing  an  input  character  pattern  string  comparing  input 
character  patterns  with  reference  character  patterns  in  a  dictionary  memory  (33)  which  stores  char- 
acters  to  be  recognized,  said  system  comprising 
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-  means  (21)  for  extracting,  in  units  of  one  character,  patterns  of  each  of  a  pattern  of  an  input 
character  string  and  a  pattern  obtained  by  rotating  the  input  character  string  pattern  by  180 
degrees,  and  for  obtaining  recognition  character  candidates  for  the  extracted  character  patterns, 
said  units  either  forming  a  complete  character  or  being  a  part  of  a  character  consisting  of  several 

5  subpatterns  lying  closely  side  by  side, 
-  first  recognition  result  memory  means  (23)  for  storing  a  group  of  a  predetermined  number  of 

recognition  character  candidates  and  corresponding  similarity  data  of  the  recognition  character 
candidates  for  each  character  unit  obtained  by  said  character  extraction  and  recognition  means 
(21), 

io  -  second  recognition  result  memory  means  (47)  for  similarly  storing  groups  of  rotated  recognition 
character  candidates  and  similarity  data  of  the  rotated  recognition  character  candidates,  and 

-  address  pointer  memory  means  (45)  storing  sequences  of  address  pointers  for  accessing  said 
first  and  second  recognition  result  memory  means  (23,  47),  wherein 

-  common  addresses  are  assigned  to  groups  of  recognition  character  candidates  of  said  first  and 
is  second  recognition  result  memory  means  (23,  47)  corresponding  in  position  within  the  input 

character  string, 
-  said  address  pointer  memory  means  (45)  stores  location  addresses  representing  locations  of  said 

recognition  result  memory  means  (23,  47)  storing  each  character  candidate  group,  and  stores  the 
sequences  of  location  addresses  in  an  order  of  character  candidates  constituting  recognition 

20  candidate  character  strings,  and 
-  said  first  recognition  result  memory  means  (23)  is  accessed  in  accordance  with  address  pointers 

read  out  from  said  address  pointer  memory  means  (45)  in  an  ascending  order  and  said  second 
recognition  result  memory  means  (47)  is  accessed  in  accordance  with  address  pointers  read  out 
from  said  address  pointer  memory  means  (45)  in  a  descending  order. 

25 
2.  A  system  according  to  claim  1  ,  characterized  by  further  comprising  memory  access  means  (25,  37,  41  , 

43,  49)  including  address  counter  means  (25,  41)  for  accessing  character  candidates  constituting  each 
character  candidate  group  stored  in  said  first  and  second  recognition  result  memory  means  (23,  47), 
said  address  counter  means  (25,  41)  supplying  addresses  for  accessing  the  character  candidates  to 

30  said  first  and  second  recognition  result  memory  means  (23,  47)  starting  from  an  address  supplied  from 
said  address  pointer  memory  means  (45)  as  an  initial  value. 

3.  A  system  according  to  claim  2,  characterized  in  that  said  coincidence  obtaining  means  obtains 
coincidence  between  recognition  candidate  series  sequentially  read  out  from  said  first  and  second 

35  recognition  result  memory  means  (23,  47)  and  character  strings  of  dictionary  words  stored  in  said 
dictionary  memory  (33)  based  on  the  similarity  data. 

Patentanspruche 

40  1.  Zeichenkettenerkennungssystem  zum  Erkennen  einer  Eingangszeichenmusterkette,  das  Eingangszei- 
chenmuster  mit  Bezugszeichenmustern  in  einem  Worterbuchspeicher  (33),  der  zu  erkennende  Zeichen 
speichert,  vergleicht,  wobei  das  System  umfaBt: 

-  eine  Einrichtung  (21)  zum  Extrahieren  von  Mustern  jedes  eines  Musters  einer  Eingangszeichen- 
kette  und  eines  Musters,  das  durch  Drehen  des  Eingangszeichenkettenmusters  urn  180°  erhalten 

45  ist,  in  Einheiten  von  einem  Zeichen  und  zum  Erhalten  von  Erkennungszeichenkandidaten  fur  die 
extrahierten  Zeichenmuster,  wobei  die  Muster  entweder  ein  vollstandiges  Zeichen  bilden  oder  ein 
Teil  eines  Zeichens  sind,  das  aus  mehreren  Unterzeichen  besteht,  die  nahe  nebeneinander 
liegen, 

einer  ersten  Erkennungsergebnisspeichereinrichtung  (23)  zum  Speichern  einer  Gruppe  von 
50  einer  vorbestimmten  Anzahl  von  Erkennungszeichenkandidaten  und  entsprechenden  Ahnlichkeits- 

daten  der  Erkennungszeichenkandidaten  fur  jede  Zeicheneinheit,  die  durch  die  Zeichenextrak- 
tions-  und  Erkennungseinrichtung  (21)  erhalten  sind, 

einer  zweiten  Erkennungsergebnisspeichereinrichtung  (47)  zum  ahnlichen  Speichern  von 
Gruppen  von  gedrehten  Erkennungszeichenkandidaten  und  Ahnlichkeitsdaten  der  gedrehten 

55  Erkennungszeichenkandidaten  und 
einer  AdreBzeigerspeichereinrichtung  (45),  die  Folgen  von  AdreBzeigern  zum  Zugreifen  auf 

die  erste  und  zweite  Erkennungsergebnisspeichereinrichtung  (23,  47)  speichert, 
worin 
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-  gemeinsame  Adressen  Gruppen  von  Erkennungszeichenkandidaten  der  ersten  und  zweiten  Er- 
kennungsergebnisspeichereinrichtungen  (23,  47)  entsprechend  der  Position  innerhalb  der  Ein- 
gangszeichenkette  zugewiesen  sind. 

-  die  AdreBzeigerspeichereinrichtung  (45)  Platzadressen  speichert,  die  Platze  der  Erkennungser- 
5  gebnisspeichereinrichtungen  (23,  47)  darstellen,  die  jede  Zeichenkandidatengruppe  speichern, 

und  die  Folgen  von  Platzadressen  in  einer  Reihenfolge  von  Zeichenkandidaten  speichert,  die 
Erkennungskandidatenzeichenketten  bilden,  und 

-  auf  die  erste  Erkennungsergebnisspeichereinrichtung  (23)  gemaB  AdreBzeigern  zugegriffen  ist, 
die  aus  der  AdreBzeigerspeichereinrichtung  (45)  in  einer  aufsteigenden  Reihenfolge  ausgelesen 

io  sind,  und  auf  die  zweite  Erkennungsergebnisspeichereinrichtung  (47)  gemaB  AdreBzeigern  zuge- 
griffen  ist,  die  aus  der  AdreBzeigerspeichereinrichtung  (45)  in  einer  abfallenden  Reihenfolge 
ausgelesen  sind. 

2.  System  nach  Anspruch  1  ,  gekennzeichnet  durch  ferner  Umfassen  einer  Speicherzugriffseinrichtung  (25, 
is  37,  41,  43,  49),  die  eine  AdreBzahlereinrichtung  (25,  41)  zum  Zugriff  auf  Zeichenkandidaten  beinhaltet, 

die  jede  Zeichenkandidatengruppe  bilden,  die  in  den  ersten  und  zweiten  Erkennungsergebnisspeicher- 
einrichtungen  (23,  47)  gespeichert  ist,  wobei  die  AdreBzahlereinrichtung  (25,  41)  Adressen  zum  Zugriff 
auf  die  Zeichenkandidaten  an  die  erste  und  die  zweite  Erkennungsergebnisspeichereinrichtung  (23,  47) 
ab  dem  AdreBsignal  beginnend,  das  von  der  AdreBzeigerspeichereinrichtung  (45)  als  ein  Anfangswert 

20  geliefert  ist,  liefert. 

3.  System  gemaB  Anspruch  2,  dadurch  gekennzeichnet,  daB  die  Koinzidenz-  bzw.  Ubereinstimmungser- 
kennungserhaltungseinrichtung  die  Koinzidenz  zwischen  Erkennungskandidatenserien,  die  aus  den 
ersten  und  der  zweiten  Erkennungsergebnisspeichereinrichtungen  (23,  47)  nacheinander  ausgelesen 

25  sind,  und  Zeichenketten  von  Worterbuchwortern,  die  in  dem  Worterbuchspeicher  (33)  gespeichert  sind, 
aufgrund  der  Ahnlichkeitsdaten  erhalt. 

Revendicatlons 

30  1.  Systeme  de  reconnaissance  de  chaTnes  de  caracteres,  destine  a  reconnaTtre  une  chaTne  d'un  dessin 
de  caracteres  introduite  par  comparaison  des  dessins  de  caracteres  a  des  dessins  de  caracteres  de 
reference  dans  une  memoire  (33)  de  dictionnaire  qui  contient  les  caracteres  a  reconnaftre,  le  systeme 
comprenant 

-  un  dispositif  (21)  destine  a  I'extraction,  en  elements  correspondant  a  un  caractere,  des  dessins 
35  de  chaque  caractere  d'une  chaTne  de  caracteres  introduite  et  d'un  dessin  obtenu  par  rotation  de 

180°  du  dessin  de  la  chaTne  de  caracteres  introduite,  et  a  I'obtention  de  caracteres  candidats  de 
reconnaissance  pour  les  dessins  extraits  de  caracteres,  les  elements  formant  soit  un  caractere 
complet,  soit  une  partie  d'un  caractere  constitue  de  plusieurs  sous-dessins  places  tres  pres  cote 
a  cote, 

40  -  une  premiere  memoire  de  resultat  de  reconnaissance  (23)  destinee  a  memoriser  un  groupe  d'un 
certain  nombre  predetermine  de  candidats  caracteres  a  la  reconnaissance  et  des  donnees 
correspondantes  de  similitude  des  candidats  pour  chaque  element  de  caractere  obtenu  par  le 
dispositif  d'extraction  et  de  reconnaissance  de  caracteres  (21), 

-  une  seconde  memoire  (47)  de  resultat  de  reconnaissance  destinee  a  memoriser  de  maniere 
45  semblable  des  groupes  de  candidats  caracteres  a  la  reconnaissance  qui  ont  tourne  et  des 

donnees  de  similitude  des  candidats  caracteres  a  la  reconnaissance  qui  ont  tourne,  et 
-  une  memoire  (45)  de  pointeurs  d'adresse  destinee  a  memoriser  des  sequences  de  pointeurs 

d'adresse  pour  I'acces  a  la  premiere  et  a  la  seconde  memoire  (23,  47)  de  resultat  de 
reconnaissance,  dans  lequel 

50  -  des  adresses  communes  sont  affectees  a  des  groupes  de  candidats  caracteres  a  la  reconnais- 
sance  de  la  premiere  et  de  la  seconde  memoire  (23,  47)  de  resultat  de  reconnaissance  dont  la 
position  correspond  a  I'interieur  de  la  chaTne  de  caracteres  introduite, 

-  la  memoire  (45)  de  pointeurs  d'adresse  contient  des  adresses  d'emplacements  representant  des 
emplacements  de  la  memoire  (23,  47)  de  resultat  de  reconnaissance  qui  contient  chaque  groupe 

55  candidat  caractere,  et  qui  memorise  des  sequences  d'adresses  d'emplacements  dans  I'ordre  des 
candidats  caracteres  constituant  les  chaTnes  de  caracteres  candidats  a  la  reconnaissance,  et 

-  la  premiere  memoire  (23)  de  resultat  de  reconnaissance  est  lue  en  fonction  des  pointeurs 
d'adresse  lus  dans  la  memoire  (45)  de  pointeurs  d'adresse  dans  un  ordre  ascendant  et  la 
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seconde  memoire  (47)  de  resultat  de  reconnaissance  est  lue  en  fonction  des  pointeurs  d'adresse 
tires  de  la  memoire  (45)  de  pointeurs  d'adresse  dans  I'ordre  descendant. 

Systeme  selon  la  revendication  1  ,  caracterise  en  ce  qu'il  comporte  en  outre  un  dispositif  d'acces  a  la 
memoire  (25,  37,  41,  43,  49)  comprenant  un  compteur  d'adresses  (25,  41)  donnant  acces  a  des 
candidats  caracteres  constituant  chaque  groupe  de  candidats  caracteres  conserves  dans  la  premiere  et 
la  seconde  memoire  (23,  47)  de  resultat  de  reconnaissance,  le  compteur  d'adresses  (25,  41)  transmet- 
tant  des  adresses  pour  la  lecture  des  candidats  caracteres  a  la  premiere  et  la  seconde  memoire  (23, 
47)  de  resultat  de  reconnaissance  depuis  une  adresse  transmise  par  la  memoire  (45)  de  pointeurs 
d'adresse  sous  forme  d'une  valeur  initiale. 

Systeme  selon  la  revendication  2,  caracterise  en  ce  que  le  dispositif  d'obtention  de  coincidence  obtient 
une  coincidence  entre  des  series  de  candidats  a  la  reconnaissance  lus  successivement  dans  la 
premiere  et  la  seconde  memoire  (23,  47)  de  resultat  de  reconnaissance  et  des  chaTnes  de  caracteres 
des  mots  de  dictionnaire  conservees  dans  la  memoire  de  dictionnaire  (33)  en  fonction  des  donnees  de 
similitude. 
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