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Methods  of  detecting  character  strings. 

part  of  each  boundary  candidate  of  the  determined 
pair  to  be  a  character  string  region,  and  generating 
position  data  thereof. 

©  A  method  for  detecting  potential  character  string 
regions  for  character  strings  extending  in  a  predeter- 
mined  direction  in  an  image  obtained  by  reading  a 
document  includes  storing  image  data  of  the  docu- 
ment  in  an  image  memory  with  in  such  a  way  that 
the  predetermined  direction  in  the  image  is  aligned 
with  a  main  scanning  direction  of  the  image  data  in 
the  memory,  accessing  the  image  memory  to  scan 
the  image  whilst  generating  position  data  for  the 
black  runs  in  each  scan  line,  comparing  the  position 
data  relating  to  the  black  runs  obtained  for  each  pair 
of  two  adjoining  scan  lines,  and,  if  a  part  of  a  black 
run  which  does  not  adjoin  a  black  run  in  a  preceding 

^•line  exists  in  a  succeeding  line,  deeming  the  part  to 
^ b e   a  boundary  candidate  of  the  first  kind,  generating 

position  data  thereof,  and  storing  the  data  in  a  stored 
£j  table,  and  if  a  part  of  a  black  run  which  does  not 
^adjoin  a  black  run  in  a  succeeding  line  exists  in  a 

.  preceding  line,  deeming  the  part  to  be  a  boundary 
2   candidate  of  the  second  kind,  generating  position 
00  data  thereof,  and  storing  the  data  in  the  stored  table, 
—  looking  up  the  table  to  determine  a  pair  consisting  of 

a  boundary  candidate  of  the  first  kind  and  of  the 
^second  kind,  which  have  a  part  whose  position  in  the 
■■■_«„;„  eMnn:nn  Hiroî tinn  ic  rnmmnn  Hopaminn  A  rpo 'main  scanning  direction  is  common,  deeming  a  rec- 

tangular  region  whose  boundaries  include  at  least  a 
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METHODS  OF  DETECTING  CHARACTER  STRINGS 

The  character  string  detection  of  step  1  in- 
volves  scanning  the  image  to  obtain  general  in- 
formation  on  the  position  data  of  the  character 
strings.  Step  2,  which  follows,  takes  relatively  little 

5  time  to  execute  because  the  process  has  available 
to  it  the  information,  such  as  coordinates  and  sizes 
obtained  in  step  1.  Therefore,  it  is  the  character 
string  detection  process  of  step  1  which  burdens 
the  CPU,  and  a  high-speed  character  string  detec- 

io  tion  system  requiring  no  expensive  specialised 
hardware  or  host  computer  is  essential  so  that 
applications  which  include  structuring  image  in- 
formation  may  spread  into  offices. 

The  known  conventional  character  string  detec- 
75  tion  methods  can  be  summarised  as  follows  - 

though  that  which  may  be  learned  specifically  from 
the  drawings  of  the  documents  referred  to  is  omit- 
ted: 

This  invention  is  related  to  a  method  for  detect- 
ing  character  strings  in  a  document  image  contain- 
ing  figures  and  illustrations. 

Recently,  because  it  has  become  possible  for 
various  documents,  such  as  manuals  and  design 
drawings,  to  be  electronically  stored  in  an  office,  by 
an  optical  filing  system  or  the  like,  and  transmitted 
by  facsimile,  the  number  of  so-called  paperless 
offices  is  now  increasing.  However,  at  present,  a 
document  is  treated  as  a  collection  of  monoch- 
romatic  image  information,  and  if  one  wishes  to 
perform  any  processing  that  is  more  advanced  than 
cutting-and-pasting  images  and  to  use  more  effec- 
tive  storage  and  transmission  processes,  it  will  be 
necessary  to  structure  image  information,  including 
its  conversion  to  multi-media  information  including 
character  codes  and  graphic  commands.  In  the 
structuring  of  image  information,  a  frequent  initial 
operation  that  is  carried  out  is  the  extraction  of  data 
segments  which  comprise  only  character  strings 
from  an  image  which  includes  figures  and  pictures 
as  weil  as  character  strings.  This  involves  seeking 
the  position  of  a  rectangle  framing  the  character 
strings  in  the  image. 

In  the  automatic  screen  entry  system  for 
CAD/CAM,  it  is  necessary  for  the  character  strings 
and  line  diagrams  in  a  drawing  to  be  identified  after 
they  are  mutually  separated.  In  the  data  processing 
involved  in  producing  a  newspaper,  magazine  or 
the  like,  which  includes  dividing  an  image  into 
regions  such  as  character  regions,  diagrams  and 
photographs,  information  on  whether  or  not  char- 
acter  strings  exist  in  a  certain  region  is  very  useful. 
In  addition,  when  using  optical  character  readers 
OCRs  for  data  input,  which  has  so  far  been  re- 
stricted  to  inputting  documents  having  only  printed 
characters,  a  function  is  being  sought  which  auto- 
matically  ignores  logotypes,  signatures,  underlines 
and  the  like  and  recognises  only  characters. 

However,  since  the  character  extracting  pro- 
cess  handles  a  whole  image,  it  is  a  process  which 
requires  considerable  time.  In  addition,  since  rec- 
ognition  of  printed  alphanumeric  characters  is  pres- 
ently  performed  by  software  on  a  personal  com- 
puter,  it  is  also  desirable  for  the  character  extrac- 
tion  to  be  provided  on  a  personal  computer,  and  a 
high-speed  character  extraction  system  is  required. 
The  process  of  this  character  extraction  can  be 
divided  into  the  following  two  steps' 

1)  Detecting  the  character  strings  in  an  im- 
age;  and 

2)  Determining  the  accurate  position  and 
size  of  the  framing  rectangles  of  the  character 
strings. 

20 
(1)  Methods  which  use  histograms 

An  image  is  scanned  to  count  the  number  of 
the  black  pixels  and  character  strings  are  detected 

25  from  their  histogram. 
This  is  a  method  which  is  most  frequently  used 

for  an  image  comprising  only  characters.  For  an 
image  including  figures  and  characters,  a  method 
has  been  proposed  which  hunts  for  regions  con- 

30  taining  only  character  strings  while  changing  the 
range  to  be  scanned  several  times  and  preparing 
multiple  histograms  .  The  following  article  is  an 
example  of  the  references  describing  this  method. 
Masuda,  Hagita,  Akiyama;  "Approach  to  Smart 

35  Document  Reader  System";  Proc.  Conference 
CVPR,  San  Francisco,  1985;  pp.  550-557 

(2)  Methods  which  pay  attention  to  the  size  of  a 
figure. 40 

As  shown  in  Fig.  12,  connected  black  pixels 
are  traced  to  seek  rectangles  (121,  122,  123)  fram- 
ing  the  connected  regions.  Since  the  connected 

45  black  pixel  regions  of  characters  are  smaller  than 
the  connected  black  pixel  regions  of  other  figures, 
the  characters  can  be  identified  from  the  size  of 
the  framing  rectangles.  This  is  a  method  which  is 
used  in  many  systems.  The  following  publication  is 

50  an  example  of  the  references  describing  this  meth- 
od. 
Rosenfeld,  Kak;  "Digital  Picture  Processing";  Aca- 
demic  Press,  New  York,  1976 
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(3)  Methods  which  pay  attention  to  the  complexity 
of  a  figure. 

The  complexity  of  a  figure  is  examined  in  the 
neighbourhood  of  the  black  pixels  to  determine  if 
they  are  pixels  constituting  a  character,  and  a  re- 
gion  which  shows  a  concentration  of  black  pixels  is 
considered  to  be  a  character  region.  In  cases 
where  neighbourhood  line  density  is  used  as  a 
measure  of  the  complexity  of  a  figure,  for  example, 
for  each  pixel  in  the  image,  a  scan  is  made  in  each 
of  four  directions  -  up,  down,  left  and  right  -  cen- 
tred  on  the  currently  examined  pixel  to  count  the 
number  of  times  there  is  a  pixel  state  change  from 
white  to  black,  and  the  data  so  obtained  is  used  to 
determine  the  complexity. 

Using  Fig.  13  as  a  basis  for  explanation,  scan- 
ning  is  performed  in  the  region  132,  centred  ar- 
ound  a  black  pixel  131  to  which  attention  is  cur- 
rently  being  paid.  White  changes  to  black  three 
times  in  the  scanning  range,  so  the  neighbourhood 
line  density  is  3.  A  black  pixel  having  a  high 
neighbourhood  line  density  is  judged  to  be  a  pixel 
which  constitutes  a  character.  The  following  article 
is  an  example  of  the  references  describing  this 
method. 
Kubota,  Iwaki,  Arakawa;  "Document  Understanding 
System";  7th  1CPR,  Montreal,  1984;  pp.  612-614 

feed  back  the  results  of  segmentation  and  recogni- 
tion  of  the  respective  characters  to  correct  the  first 
result. 

The  problems  of  the  conventional  methods  in 
5  terms  of  the  speed  and  detection  precision  include 

the  following  matters: 
The  speed  of  character  string  detection  de- 

pends  heavily  both  on  the  number  of  times  the 
image  is  accessed  and  the  size  of  the  data  unit 

io  used  to  process  the  image.  Preferably,  the  access 
rate  is  once  per  raster  scan  and  the  data  unit  used 
in  processing  the  image  is  the  same  as  the  unit  of 
data  processing  in  a  general-purpose  processor  -  a 
byte  (8  bits)  or  a  word  (1  6  bits). 

75  In  the  method  (1),  a  plurality  of  scans  are 
required  to  segment  the  regions  of  figures  and 
pictures,  and  this  plurality  increases  as  the  number 
of  the  regions  of  figures  and  pictures  in  the  image 
increases. 

20  In  the  method  (2),  the  framing  rectangle  of  a 
connected  region  can  be  obtained  from  one  scan 
but  a  complex  data  structure  will  be  required  to 
store  the  intermediate  result. 

In  the  method  (3),  in  addition  to  the  fact  that 
25  the  image  needs  to  be  scanned  once  every  time  a 

black  pixel  is  found,  in  the  case  of  neighbourhood 
line  density  determination,  access  occurs  up, 
down,  left  and  right  from  the  pixel  . 

In  the  method  (4),  scanning  is  required  three 
30  times  in  the  preprocessing  and  one  time  in  check- 

ing  the  connected  region,  a  total  of  four  times. 
Regarding  the  size  of  the  data  unit  that  can  be 

used  for  processing,  processing  on  the  basis  of 
byte  or  word  by  table  look-up  is  available  in  the 

35  method  (1).  In  methods  (2)  and  (3),  when  scanning 
the  image,  it  is  necessary  to  check  every  pixel 
location  to  determine  whether  it  is  white  or  black.  In 
the  method  (4),  byte-by-byte  or  word-by-word  pro- 
cessing  is  available  for  preprocessing,  but  the 

40  checking  process  of  the  connected  region  is  per- 
formed  pixel  by  pixel. 

Thus,  in  methods  (2),  (3)  and  (4),  the  image 
data  needs  to  be  handled  bit  by  bit.  There  is  no 
conventional  method  which  has  accomplished  an 

45  optimum  combination  infrequent  accesses  to  the 
image  and  a  large  available  data  unit  for  process- 
ing,  as  a  result  of  which,  an  engineering  work- 
station  or  dedicated  hardware  is  required  to  attain 
sufficient  speed. 

so  In  comparing  the  precision  of  character  string 
detection  methods,  two  criteria  can  be  considered. 
One  is  whether  all  character  strings  are  detected 
and  the  other  is  each  detected  "character  string"  in 
fact  such.  Since  spurious  detection  can  easily  be 

55  found  and  corrected  in  the  course  of  determining 
the  framing  rectangle,  and  segmenting  and  recog- 
nising  the  individual  characters,  detection  failure  is 
considered  hereinafter. 

(4)  Methods  of  detecting  character  strings  from  a 
preprocessed  image. 

An  image  is  prepared  wherein  the  white  pixels 
between  closely  spaced  black  pixel  regions  are 
replaced  by  black  pixels  as  a  result  of  which  the 
characters  in  a  character  string  are  connected  to- 
gether  to  become  a  single  black  pixel  region  and 
from  the  shape  and  size  of  the  region  having  the 
black  pixels  connected  in  the  image,  it  is  deter- 
mined  whether  or  not  they  signify  character  strings. 
Run-length  smearing  is  often  used  as  the  method 
of  replacing  white  pixels  with  black  pixels.  Run- 
length  smearing  is  a  process  wherein,  as  shown  in 
Fig.  14,  first  an  image  is  raster-scanned  to  provide 
an  image  in  which  ail  the  white  runs  except  those 
longer  than  a  certain  length  are  replaced  by  black 
pixels,  then  the  directions  of  the  main  scanning  and 
sub-scanning  are  changed  and  a  second  raster 
scan  is  performed  to  achieve  a  similar  processing. 
Thereafter  the  two  images  are  ANDed.  The  follow- 
ing  article  is  an  example  of  the  references  describ- 
ing  this  method. 
Wong,  Casey,  Wahl;  "Document  Analysis  System; 
IBM  J.  RES.  DEVELOP;  Vol.  26,  No.  6,  pp.  647- 
656;  1982/11 

In  addition,  there  are  also  systems  which  use  a 
combination  of  these  methods  and  others  which 
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of  the  determined  pair  to  be  a  character  string 
region,  and  generating  position  data  thereof. 

Character  strings  appearing  in  many  docu- 
5  ments  have  the  following  properties. 

1)  Characters  are  usually  written  horizontally 
or  vertically. 

2)  The  heights  of  characters  when  horizon- 
tally  written  and  the  widths  of  characters  when 

w  vertically  written  are  generally  uniform  .in  a  char- 
acter  string. 

3)  Above,  below,  on  the  left  and  right  of  a 
particular  character  string,  there  is  a  white  run 
providing  separation  from  other  figure  elements.  A 

75  connected  region  of  white  pixels  does  not  always 
exist  around  the  character  string.  Accordingly,  an 
individual  character  string  region  in  an  image  can 
be  approximately  represented  by  an  elongated  rec- 
tangle.  To  detect  the  character  string,  only  detec- 

20  tion  of  the  upper  and  lower  sides  (when  horizontally 
written)  or  the  left  and  right  sides  (when  vertically 
written)  of  this  rectangle  is  required. 

In  the  preferred  embodiment,  the  detection  of 
25  the  sides  is  performed  by  applying  a  low  bus 

filtering  to  the  white  run,  supposing  an  image  in 
which  the  space  within  the  character  string  region 
is  filled  with  black  pixels,  and  obtaining  the  upper 
and  lower  (left  and  right)  boundary  segment  can- 

30  didates  of  the  region  of  connected  black  pixels 
within  that  image. 

The  present  invention  will  be  described  further 
by  way  of  example  with  reference  to  the  aforemen- 
tioned  embodiment  thereof  as  illustrated,  together 

35  with  contrasting  examples  of  the  prior  art,  in  the 
accompanying  drawings,  in  which: 

Fig.  1  is  a  flowchart  showing  the  outline  of 
the  processing  of  a  parts  number  input  system; 

Fig.  2  is  an  example  of  drawings  to  be 
40  handled  thereby; 

Fig.  3  is  a  figure  used  to  explain  a  grouped 
run-length  representation; 

Fig.  4  is  a  flowchartrin  segments  A  and  B, 
showing  the  processing  that  converts  a  line  image 

45  to  a  grouped  run-length  representation; 
Fig.  5  is  a  figure  used  to  show  that  a  white 

run  sandwiched  between  black  runs  in  a  byte  (or 
word)  can  be  ignored  in  performing  the  processing; 

Fig.  6  is  a  figure  used  to  explain  upper 
so  boundary  and  lower  boundary  candidates; 

Fig.  7  is  a  flowchart,  in  segments  A  and  B, 
used  to  explain  the  process  of  comparing  grouped 
run-length  representations  to  detect  boundary  can- 
didates; 

55  Figs.  8A  and  8B  are  figures  used  to  explain 
boundary  candidates  to  be  detected  for  two  dif- 
ferent  cases; 

In  method  (1),  character  strings  are  detected 
from  the  crest  and  trough  of  a  histogram,  so  if 
character  strings  are  scattered  among  illustrations, 
there  is  a  possibility  that  they  cannot  be  found. 

In  the  methods  (2)  and  (4),  a  problem  occurs  if 
a  character  is  in  contact  with  some  other  figure. 
The  framing  rectangle  of  the  character  in  contact 
with  such  figure  becomes  large  and  is  judged  not 
to  be  a  character.  A  method  of  tracing  the  bound- 
ary  of  black  pixel  regions  to  separate  the  contact 
portions  -  Mukoda,  Suzuki,  Abe;  "Separation  of  a 
Character  and  a  Figure  Using  Boundary  Tracing  - 
In  the  Case  that  the  Character  and  the  Figure  are 
in  Contact";  28th  National  Conference  of  the  In- 
formation  Processing  Association;  IN-4,  1984/3  - 
was  also  proposed,  but  this  is  a  process  which 
takes  much  time,  and  part  of  the  figure  may  be  cut 
off. 

In  method  (4),  since  the  frequency  of  a  char- 
acter  being  in  contact  with  other  figure  increases 
due  to  the  preprocessing,  the  possibility  of  detec- 
tion  failure  becomes  greater. 

In  method  (3),  the  complexity  of  a  string  of 
characters  of  a  simple  structure  such  as  numerics 
is  reduced,  so  identification  from  other  figures  be- 
comes  difficult. 

Accordingly,  the  present  invention  provides  a 
method  for  detecting  potential  character  string  re- 
gions  for  character  strings  extending  in  a  predeter- 
mined  direction  in  an  image  obtained  by  reading  a 
document  comprising  steps  of: 

(a)  storing  image  data  of  the  document  in  an 
image  memory  with  in  such  a  way  that  the  pre- 
determined  direction  in  the  image  is  aligned  with  a 
main  scanning  direction  of  the  image  data  in  the 
memory, 

(b)  accessing  the  image  memory  to  scan  the 
image  whilst  generating  position  data  for  the  black 
runs  in  each  scan  line, 

(c)  comparing  the  position  data  relating  to 
the  black  runs  obtained  in  step  (b)  for  each  pair  of 
two  adjoining  scan  lines,  and, 
if  a  part  of  a  black  run  which  does  not  adjoin  a 
black  run  in  a  preceding  line  exists  in  a  succeeding 
line,  deeming  the  part  to  be  a  boundary  candidate 
of  the  first  kind,  generating  position  data  thereof, 
and  storing  the  data  in  a  stored  table, 
if  a  part  of  a  black  run  which  does  not  adjoin  a 
black  run  in  a  succeeding  line  exists  in  a  preceding 
line,  deeming  the  part  to  be  a  boundary  candidate 
of  the  second  kind,  generating  position  data  there- 
of,  and  storing  the  data  in  the  stored  table, 

(d)  looking  up  the  table  to  determine  a  pair 
consisting  of  a  boundary  candidate  of  the  first  kind 
and  of  the  second  kind,  which  have  a  part  whose 
position  in  the  main  scanning  direction  is  common, 
deeming  a  rectangular  region  whose  boundaries 
include  at  least  a  part  of  each  boundary  candidate 
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line  image. 
Although  the  conversion  to  a  grouped  run- 

length  representation  is  originally  a  process  which 
should  be  performed  by  checking  an  image  dot-by- 

5  dot,  in  this  system,  byte-by-byte  or  word-by-word 
processing  is  made  possible  by  use  of  the  process 
shown  in  Fig.  4.  For  grouping,  a  white  run  not 
longer  than  a  particular  length  is  ignored  and  repre- 
sented  as  the  combination  of  the  black  runs  on  the 

70  left  and  right  thereof,  but  its  threshold  is  larger  than 
a  byte  length  (8)  or  word  length  (16).  Therefore, 
even  if  data  of  8-bit  or  16-bit  length  which  has 
been  read  in  contains  a  plurality  of  black  runs  as 
shown  in  Fig.  5,  they  can  be  handled  as  being 

75  connected  without  checking  lengths  of  the  white 
runs  5A  and  5B  sandwiched  between  the  black 
runs.  Namely,  the  white  runs  5A  and  5B  are  ne- 
glected.  For  conversion  to  a  run-length  representa- 
tion,  it  is  sufficient  that  the  starting  point  of  the 

20  farthest  left  black  run  and  the  length  from  there  to 
the  end  point  of  the  farthest  right  black  run  are 
known.  By  calculating  these  values  with  respect  to 
28  patterns  for  byte  accessed  data  and  21G  patterns 
for  word  accessed  data,  tabulating  them  and  re- 

25  ferencing  them,  an  image  can  be  read  in  byte 
(word)  by  byte  (word)  to  add  the  white  run  length  at 
the  right  end  of  a  certain  byte  (word)  and  the  white 
run  length  at  the  left  end  of  the  next  byte  (word), 
determine  whether  it  is  a  white  run  of  a  negligible 

30  length,  and  convert  it  to  a  grouped  run-length  re- 
presentation. 

When  the  image  of  two  successive  lines  has 
been  converted  to  a  grouped  run-length  repre- 
sentation,  the  position  data  of  black  runs  in  these 

35  two  lines  is  compared  to  detect  the  black  runs 
which  are  deemed  to  be  the  upper  and  lower 
boundary  candidates  of  a  character  string  region 
(rectangle).  As  shown  in  Fig.  6,  a  black  run  with  a 
white  run  above  is  judged  to  be  part  of  an  upper 

40  boundary  candidate,  and  conversely,  a  black  run 
with  a  white  run  below  is  judged  to  be  part  of  a 
lower  boundary  candidate. 

By  comparing  the  position  of  the  starting  point 
and  the  length  of  a  black  run  represented  by  a  run- 

45  length  by  the  series  of  series  of  steps  shown  in 
Fig.  7,  the  upper  and  lower  boundary  candidates 
can  be  detected.  In  Fig.  7,  the  position  data  of  a 
black  run  is  a  combination  of  the  starting  point 
position  and  the  length  thereof  and,  for  "obtaining  a 

so  boundary  candidate"  in  the  processing  in  the  fig- 
ure,  is  meant  calculating  the  starting  point  and 
length  thereof.  This  is  done  if  a  black  run  A  over- 
laps  the  black  run  B  below,  as  shown  in  Fig.  8A, 
and  a  run  will  be  obtained  whose  starting  point  is 

55  minimum(starting  point  of  A,  starting  point  of  B) 
and  whose  length  is  maximum(starting  point  of  A, 
starting  point  of  B)  -  minimum(starting  point  of  A, 
starting  point  of  B),  and  if  there  is  no  overlapping 

Figs.  9A  -  9C  are  figures  used  to  explain  the 
process  of  connecting  the  gaps  in  the  vertical  di- 
rection  and  the  disconnections  to  the  right  or  left  of 
boundary  candidates; 

Figs.  10  and  11  are  figures  used  to  explain 
the  manner  in  which  a  rectangle  is  judged  to  be  a 
character  string  region;  and 

Figs.  12,  13  and  14  are  figures  used  to 
explain,  respectively,  method  (2)  of  the  prior  art 
methods,  method  (3)  of  the  prior  art  methods,  and 
run-length  smearing. 

Fig.  1  shows  the  outline  of  the  processing 
involved  in  detecting  character  strings.  It  is  as- 
sumed  that  the  data  to  be  processed  is  provided 
by  the  input  of  a  system  intended  to  supply  the 
spare  part  numbers  of  spare  .parts  for  automobiles. 
The  system  uses  a  scanner  to  read  the  exploded 
view  of  a  mechanism  from  a  catalogue,  in  which 
exploded  view,  each  component  part  is  shown  with 
its  name  and  its  number  after  the  manner  shown  in 
Fig.  2.  Thereafter,  it  extracts  the  character  strings 
representing  names  and  part  numbers,  and  there- 
after  converts  these  to  character  codes  by  the  use 
of  a  character  recognition  program.  Since  it  is 
necessary  to  extract  character  strings  which  are 
interspersed  among  illustrations  spreading  through- 
out  a  large  image  -say,  one  that  needs  about  640  k 

•  bytes  to  represent  it  in  pixel  form  -this  is  an  pro- 
cess  which  it  has  so  far  been  considered  difficult  to 
perform  automatically  without  using  dedicated 
hardware  or  an  engineering  workstation. 

An  embodiment  of  character  string  detection 
according  to  the  present  invention  is  now  described 
in  its  three  component  parts  -  boundary  detection, 
character  detection  and  further  processing. 

(1)  Detection  of  boundary  line  segments 

The  image  is  raster-scanned  to  read  the  image 
line  by  line  and  convert  it  to  a  run-length  coded 
representation  thereof.  At  this  time,  if  a  white  run 
between  two  black  runs  is  found  to  be  short,  the 
two  black  runs  are  connected  to  form  one  black 
run,  and  its  position  data  (in  this  case,  the  starting 
point  and  length)  is  generated  and  recorded.  This 
is  called  a  grouped  run-length  representation.  The 
subsequent  processing  is  performed  on  this 
grouped  run-length  representation  and  no  subse- 
quent  access  is  made  to  the  image,  per  se. 

Fig.  3  exemplifies  the  conversion  of  a  line 
image  to  a  grouped  run-length  representation. 
Here,  white  runs  3A,  3B  and  3C  which  are  less 
than  20  pixels  in  length  are  ignored.  For  easy 
understanding,  the  intermediate  run-length  repre- 
sentation  is  shown  in  Fig.  3,  but  actually,  a  grouped 
run-length  representation  is  made  directly  from  the 
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string  region.  And,  the  position  (XY-coordinates)  of 
the  upper  left  apex  101  A  and  the  lengths  of  two 
sides  101B  and  101C  are  generated  as  the  position 
data  of  rectangle  101.  Using  a  pair  of  upper  and 

5  lower  boundaries  as  shown  in  Fig.  11  as  an  exam- 
ple,  rectangle  111  is  judged  to  be  a  character 
string  region  and  its  position  data  is  generated. 

A  rectangle  whose  upper  and  lower  ends  are 
boundary  segment  candidates  is  not  necessarily 

io  the  framing  rectangle  of  a  character  string,  but,  as 
described  above,  if  only  the  rough  position  and 
size  of  the  character  string  is  known,  it  is  easy  to 
correct  when  segmenting  or  recognising  the  in- 
dividual  characters. 

75 

(3)  Subsequent  processing 

In  the  process  of  Fig.  1,  the  character  string 
20  detecting  routine  scans  an  image  once  and  then  it 

sets  the  position  data  of  the  detected  character 
strings  in  a  table.  The  system  loads  the  image 
around  the  character  string  according  to  the  data  in 
this  table,  obtains  the  correct  framing  rectangle  of 

25  the  character  string,  and  performs  the  segmenta- 
tion  and  recognition  of  the  individual  characters.  If 
the  character  string  detecting  routine  happens  to 
detect  part  of  an  illustration  as  a  character  string,  it 
is  checked  and  rejected  in  the  process  of  segment- 

30  ing  and  recognising  the  characters. 
Incidentally,  the  post-processing  routine  as 

shown  in  Fig.  1  is  a  routine  which  performs  check- 
ing  and  recovery  of  errors  using  the  knowledge 
specific  to  an  application. 

35  The  advantages  of  this  embodiment  are  as 
follows: 

between  black  runs  A  and  B  as  shown  in  Fig.  8B, 
and  the  position  data  of  that  one  of  either  run  A  or 
run  B  having  the  lower  starting  point  value  will  be 
taken. 

When  the  detection  of  boundary  candidates  is 
to  be  performed  over  a  whole  image,  a  region  for 
recording  a  grouped  run-length  representation  is 
prepared  for  two  lines,  and  after  the  comparison  of 
the  data  of  the  i-th  line  and  the  data  of  the  i  +  1  -th 
line  is  completed,  the  data  of  the  i  +  1-th  line  is 
moved  to  the  region  where  the  data  of  the  i-th  line 
was  located  (actually,  only  reassignment  of  a  point- 
er  is  sufficient),  and  the  grouped  run-length  repre- 
sentation  of  the  image  of  the  i  +  2-th  line  is  set  in 
the  region  where  the  data  of  the  i  +  1-th  line  was. 

After  the  detection  of  a  boundary  candidate, 
processing  to  accommodate  connecting  gaps  in 
the  vertical  direction,  or  disconnections  to  the  left 
or  right  may  be  performed  within  an  appropriate 
threshold,  as  shown  in  Figs.  9A  -  9C. 

(2)  Detection  of  character  strings 

All  the  upper  boundary  candidates  are  checked 
against  the  lower  boundary  candidate  to  see  if 
either  of  the  following  conditions  obtain: 

Condition  1: 

A  lower  boundary  candidate  exists  below  the 
upper  boundary  candidate,  and  the  difference  of 
the  Y-coordinate  is  within  a  certain  range  (between 
the  minimum  value  and  the  maximum  value  of  the 
character  heights).  Here,  the  Y-axis  corresponds  to 
the  sub-scanning  direction. 

1  )  Processing  speed 
Condition  2: 

The  starting  point  positions  and  the  lengths  of 
two  boundary  segment  candidates  are  equal  within 
a  certain  threshold.  If  these  conditions  are  satisfied, 
it  is  judged  that  a  character  string  region  exists,  the 
upper  and  lower  ends  of  which  are  constituted  by 
at  least  parts  of  the  two  boundary  segment  can- 
didates  respectively. 

A  rectangle  judged  to  be  a  character  string 
region,  based  on  the  combination  of  an  upper 
segment  candidate  and  a  lower  segment  candidate, 
can  be  changed  in  any  manner,  depending  on  the 
implementation  (threshold).  In  this  application,  us- 
ing  a  pair  of  upper  and  lower  boundary  candidates 
as  shown  in  Fig.  9C  as  an  example,  the  starting 
point  positions  and  the  lengths  are  determined  to 
be  equal  within  a  certain  threshold,  and  a  rectangle 
101  as  shown  in  Fig.  10  is  judged  to  be  a  character 

40 
An  access  to  an  image  in  this  embodiment 

requires  only  one  raster  scan,  and  is  made  byte- 
by-byte  or  word-by-word.  Therefore,  a  processing 
speed  faster  than  that  of  any  of  the  prior  methods 

45  can  be  expected.  An  experimental  implementation 
was  realised  using  a  personal  computer  (CPU:  Intel 
80286  at  8  MHz  with  memory  wait)  and  language 
C,  character  string  detection  being  performed  with 
respect  to  a  drawing,  about  1/6  of  which  is  shown 

so  in  Fig.  2,  and  all  the  parts  numbers  were  detected 
in  37  seconds  (exclusive  of  inputting  of  the  image). 

2)  Detection  precision 

In  this  embodiment,  even  a  character  string  in 
contact  with  a  character  string  and/or  figure  in  an 
illustration  can  be  detected  without  any  problem. 

55 
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ing  the  individual  characters. 
The  foregoing  description  has  been  provided 

for  use  in  the  case  where  a  character  string  con- 
sisting  of  a  number  of  characters  to  be  read  ex- 

5  tends  in  the  lateral  direction  -  the  direction  of  the 
main  scanning  of  a  raster  scan.  If  characters  are 
streamed  vertically  in  the  basic  document,  it  is 
sufficient  merely  to  make  the  direction  in  which  the 
character  string  extends  in  the  image  match  the 

w  direction  of  the  main  scanning  of  the  image  by 
rotating  the  image  in  the  preprocessing  -hardware 
that  will  perform  a  rotation  of  90  degrees  has 
become  available  in  personal  computers  -  or  to  put 
the  document  into  the  scanner  "on  its  side". 

75  If  one  character  is  written  a  long  distance  apart 
from  other  characters,  it  can  be  coped  with  to  a 
certain  extent  by  adjusting  the  appropriate  thresh- 
old  value  in  examining  the  combination  of  an  upper 
and  a  lower  boundary  segment  candidates  [portion 

20  (2)  of  (II)].  However,  the  percentage  of  falsely  de- 
'  tecting  figures  other  than  characters  as  characters 

will  increase. 
This  disclosed  arrangement  is  disadvantageous 

if  a  document  includes  character  strings  extending 
25  in  various  directions,  but  it  is  very  advantageous  for 

a  document  including  only  character  strings  ex- 
tending  substantially  in  one  direction. 

Thus  character  strings  in  an  image  obtained  by 
reading  a  document  which  includes  only  character 

30  strings  extending  substantially  in  one  direction  can 
be  detected  at  a  high  speed  and  with  a  high 
precision  and  is  easy  to  realise  on  a  general- 
purpose  personal  computer. 

Indeed  there  may  be  a  character  string  which  will 
be  connected  with  the  left  or  right  adjacent  figures 
due  to  ignoring  of  short  white  runs,  but  the  upper 
and  lower  boundaries  themselves  will  not  disappear 
due  to  contact  with  any  other  figure. 

3)  Applicable  to  compressed  data 

Since  this  embodiment  performs  the  process- 
ing  on  a  run-length  representation  and  the  scanning 
of  an  image  requires  only  one  raster  scan,  it  is 
easy  to  process  the  data  compressed  by  the  MH 
method  or  MMR  method.  This  is  a  feature  which  is 
not  found  in  the  conventional  methods  (1),  (3)  and 
(4). 

4)  Memory  saving 

The  work  area  required  when  scanning  an  im- 
age  in  this  embodiment  is  only  that  for  one  line  of 
the  image  and  the  run-length  representation  of  two 
lines  thereof.  The  boundary  segment  candidate  re- 
corded  in  the  course  of  scanning  is  a  result  ob- 
tained  by  performing  three  stages  of  compression 
and  screening,  that  is,  conversion  to  a  run-length 
representation,  filling  in  the  white  run  to  be  repre- 
sented  by  only  one  black  run,  and  leaving  the  run 
that  is  to  become  the  upper  or  lower  boundaries, 
so  only  a  small  main  storage  area  is  required. 

5.  Only  character  strings  of  specific  dimensions 
(particularly  the  height)  need  be  submitted  to  de- 
tection. 

In  any  method,  once  the  framing  rectangles  of 
character  strings  have  been  obtained,  it  is  possible 
to  select  the  character  strings  of  specific  dimen- 
sions,  but,  in  this  embodiment,  character  strings 
beyond  a  specified  range  can  be  screened  out 
during  the  process  of  detection.  For  this  reason, 
the  detection  of  a  character  string  of  a  heading,  for 
example,  can  be  done  at  a  higher  speed  than  in 
other  methods. 

35 
Claims 

1.  A  method  for  detecting  potential  character 
string  regions  for  character  strings  extending  in  a 

40  predetermined  direction  in  an  image  obtained  by 
reading  a  document  comprising  steps  of: 

(a)  storing  image  data  of  the  document  in  an 
image  memory  with  in  such  a  way  that  the  pre- 
determined  direction  in  the  image  is  aligned  with  a 

45  main  scanning  direction  of  the  image  data  in  the 
memory, 

(b)  accessing  the  image  memory  to  scan  the 
image  whilst  generating  position  data  for  the  black 
runs  in  each  scan  line, 

so  (c)  comparing  the  position  data  relating  to 
the  black  runs  obtained  in  step  (b)  for  each  pair  of 
two  adjoining  scan  lines,  and, 
if  a  part  of  a  black  run  which  does  not  adjoin  a 
black  run  in  a  preceding  line  exists  in  a  succeeding 

55  line,  deeming  the  part  to  be  a  boundary  candidate 
of  the  first  kind,  generating  position  data  thereof, 
and  storing  the  data  in  a  stored  table, 
if  a  part  of  a  black  run  which  does  not  adjoin  a 

6.  Horizontal  segments  can  be  detected. 

A  horizontal  segment  can  be  detected  as  well 
as  a  character  string.  If  the  difference  between  the 
Y-coordinates  of  the  upper  boundary  segment  can- 
didate  and  the  lower  boundary  candidate  is  below 
the  threshold,  it  is  deemed  to  be  a  horizontal 
segment  rather  than  a  character  string.  Detection  of 
an  underline  in  contact  with  "y"  or  "q"  is  possible, 
which  becomes  useful  information  when  segment- 
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candidate  of  the  determined  pair  is  judged  to  be  a 
character  string  region,  and  position  data  thereof  is 
generated. 

7.  A  method  as  claimed  in  any  preceding 
Claim  wherein,  the  position  data  of  each  boundary 
generated  in  step  (c)  includes  the  starting  position 
and  length  of  the  boundary. 

8.  A  method  as  claimed  in  any  preceding 
Claim  wherein,  the  position  data  of  a  character 
string  region  generated  in  step  (d)  includes  one 
apex  and  two  orthogonal  sides  of  the  rectangular 
region  deemed  to  be  a  character  string  region. 

black  run  in  a  succeeding  line  exists  in  a  preceding 
line,  deeming  the  part  to  be  a  boundary  candidate 
of  the  second  kind,  generating  position  data  there- 
of,  and  storing  the  data  in  the  stored  table, 

(d)  looking  up  the  table  to  determine  a  pair  5 
consisting  of  a  boundary  candidate  of  the  first  kind 
and  of  the  second  kind,  which  have  a  part  whose 
position  in  the  main  scanning  direction  is  common, 
deeming  a  rectangular  region  whose  boundaries 
include  at  least  a  part  of  each  boundary  candidate  10 
of  the  determined  pair  to  be  a  character  string 
region,  and  generating  position  data  thereof. 

2  A  method  as  claimed  in  Claim  1  wherein  the 
position  data  of  each  black  run  generated  in  step  75 
(b)  includes  the  starting  point  position  and  length  of 
the  black  run. 

3.  A  method  as  claimed  in  either  preceding 
Claim  wherein,  in  step  (b),  if  the  length  of  a  white 
run  sandwiched  between  black  runs  is  not  greater  20 
than  a  predetermined  value,  the  white  run  is  recog- 
nised  to  be  a  part  of  a  grouped  black  run  formed 
together  with  the  two  adjoining  black  runs,  and 
position  data  of  the  grouped  black  run  is  generated 
and  stored  in  the  table.  25 

4.  A  method  as  claimed  in  any  preceding 
Claim  wherein,  after  step  (c),  if  the  space  between 
the  boundary  candidates  of  the  same  kind  detected 
on  the  same  line  has  a  length  not  greater  than  a 
predetermined  value,  the  space  is  recognised  to  be  30 
a  part  of  a  grouped  boundary  candidate  formed 
together  with  the  two  adjoining  boundary  candi- 
dates,  the  position  data  of  the  grouped  boundary 
candidate  replacing  its  component  parts  in  the  ta- 
ble.  *  35 

5.  A  method  as  claimed  in  any  preceding 
Claim  wherein,  after  step  (c),  if  there  is  a  space 
having  a  length  not  greater  than  a  predetermined 
value  with  respect  to  a  sub-scanning  direction  be- 
tween  two  boundary  candidates  of  the  same  kind  40 
which  are  contiguous  with  respect  to  the  main 
scanning  direction,  one  boundary  candidate  is  re- 
cognised  to  be  a  part  of  a  grouped  boundary 
candidate  formed  together  with  the  other  boundary 
candidate,  the  position  data  of  the  grouped  bound-  45 
ary  candidate  replacing  its  component  parts  in  the 
table. 

6.  A  method  as  claimed  in  any  preceding 
Claim  wherein,  in  step  (d),  if  the  distance  between 
the  boundary  candidates  of  the  first  kind  and  sec-  50 
ond  kind  of  the  determined  pair  is  within  a  pre- 
determined  range  and  the  gap  between  the  two 
boundary  candidates  with  respect  to  the  main 
scanning  direction  is  not  greater  than  a  predeter- 
mined  vaiue,  a  rectangular  region  whose  bound-  55 
aries  include  at  least  a  part  of  each  boundary 
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