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In  raster-to-vector  conversion  systems,  the 
original  picture  or  its  microfilm  is  scanned,  e.g.,  opti- 
cally,  and  the  information  thereon  resolved  into  a 
bit-map.  The  optical  characteristics  of  each  pixel 

5  are  used  to  control  detection  circuits  that  generate 
positionally  defined  signals  of  the  bit-map.  An  ad- 
vantage  of  raster-to-vector  conversion  systems  is 
that  raster-scan  imaging  devices  are  inexpensive 
and  prevalent;  however,  this  kind  of  system  has 

10  commonly  required  storage  of  the  entire  image  as  a 
bit-map  in  a  data  store  accessible  by  a  computer, 
the  computer  then  executing  a  program  for  convert- 
ing  the  bit-map  to  a  vectorial  data  set. 

The  storage  of  a  bit-map  copy  of  a  picture  re- 
15  quires  a  large  data  store.  For  example,  a  bit  stream 

acquired  from  raster  scanning  an  E-size  drawing 
with  a  resolution  of  0.1  millimeter  comprises  approxi- 
mately  100  million  bits  of  data.  A  "bit  stream"  means 
a  sequence  of  electrical  signals  or  pulses  compris- 

20  ing  a  set  of  binary  digits  representing  data  in  coded 
form  wherein  the  significance  of  each  bit  is  deter- 
mined  by  its  position  in  the  sequence  and  its  relation 
to  other  bits.  Various  data  reduction  algorithms 
based  on  information  and  coding  theory  have  been 

25  utilized  to  achieve  significant  reduction  in  the  stor- 
age  requirement  for  scanned  data.  Unfortunately, 
however,  the  form  of  representation  of  data  as  cod- 
ed  messages  generally  lacks  information  necessary 
for  reconstituting  regular  line  drawings. 

30  Previously,  software  has  been  used  to  process 
digitized  drawings  before  vectorization  by  grouping 
adjacent  pixels  into  small  arrays,  and  altering  some 
of  the  pixels  depending  on  the  configuration.  This 
required  a  lot  of  time  and  system  resources. 

35  It  would  be  desirable  to  have  a  compact,  high 
speed,  lower  cost  hardware  system  with  the  capabil- 
ity  of  varying  the  raster  lengths  for  various  sized 
drawings  while  incorporating  the  benefits  of  the 
software  approach  programmable  patterns  through 

40  the  utilization  of  readily  available  and  inexpensive 
components  such  as  TTL  and  CMOS  devices. 

Summary  of  the  Invention 

45  In  accordance  with  the  illustrated  embodiment, 
the  present  invention  as  set  forth  in  the  claim  pro- 
vides  a  system  for  forming  sequential  windows  of  a 
predetermined  size  from  a  raster-scanned  pixel  bit 
stream  from  a  selected  document.  Each  of  the  win- 

50  dows  is  then  examined  using  a  selected  one  of  sev- 
eral  known  algorithms  for  grouping  adjacent  pixels 
into  smaller  arrays  to  modify  the  raster-scanned  bit 
stream  before  it  is  stored  in  a  data  base.  In  the  most 
general  case,  each  raster  includes  n  (positive  in- 

55  teger)  pixels  and  the  system  operates  on  a  bank  of 
m  (positive  integer)  sequential  windows  with  each 
window  being  k  (  odd  integer  of  3  or  more)  wide  and  j 
(odd  integer  of  3  or  more)  high. 

The  system  includes  a  counter  for  selecting  each 
60  of  the  m  windows  sequentially.  A  pattern  memory  is 

included  to  store  selected  predetermined  correction 
factors  for  each  possible  pixel  pattern  in  each  of 
the  m  windows.  To  select  the  appropriate  pattern  for 
the  window  being  examined,  a  pattern  selection  mem- 

65  ory  is  provided  to  address  the  pattern  memory  to 

Description 

Background  of  the  invention 

This  invention  relates  to  a  hardware  system  for 
compressing  information  taken  from  existing  docu- 
ments  for  entry  into  a  data  base.  More  particularly, 
the  invention  relates  to  a  method  and  apparatus  for 
the  high  speed  processing  of  raster-scanned  data 
to  effectively  reduce  the  data  necessary  to  repre- 
sent  lines  and  characters  of  the  original  document 
prior  to  storage  of  a  vectorized  representation  of 
the  original  document  in  the  data  base. 

Computer-aided  design  and  drafting  is  practised 
extensively  in  the  engineering  and  graphic  arts; 
however,  there  exists  an  extensive  archive  of  doc- 
uments  generated  manually  or  otherwise  in  pictorial 
form,  i.e.,  more  suitable  for  human  interpretation 
than  interpretation  by  machine.  The  demand  for  con- 
version  of  such  archives  to  machine  script  will  grow 
as  the  transition  to  computer-based  graphics 
progresses  and  becomes  more  complete. 

Techniques  for  automatically  converting  draw- 
ings  and  other  pictures  to  machine  script  for 
processing,  storage  or  display  are  well  known.  One 
of  the  most  efficient  and  compact  machine-script 
data  sets  representative  of  a  picture  comprises 
vectors  including  data  items  representing  spatial  lo- 
cation  of  the  vectors  with  respect  to  the  original  pic- 
ture.  Generally,  techniques  for  converting  a  pic- 
ture  into  such  vectorial  data  fall  into  two  catego- 
ries,  viz.:  line-following  and  raster-to-vector 
conversion.  Line-following  schemes,  while  generat- 
ing  vectorial  data  directly,  require  large  and  expen- 
sive  assemblies  that  are  best  suited  for  high  pro- 
duction  environments.  Line-following  is  said  to  be 
advantageous  because  the  original  picture  is  used 
as  the  image  memory,  instead  of  a  bit-map  copy  of 
the  picture  in  the  computer  memory.  A  "bit-map"  is  a 
signal  set  in  machine  script  representing  a  tessella- 
tion  of  small  picture  elements  or  pixels  of  the  original 
document.  Generally,  line-following  imaging  systems 
having  devices  that  can  be  directed  randomly  in  two 
dimensions  to  detect  and  follow  picture  features  are 
either  expensive  or  slow.  An  example  of  the  former 
comprises  a  device  utilizing  a  scanning  laser  beam 
which  is  directed  by  moving  mirrors,  and  having 
acousto-optical  devices  for  detecting  features  of 
the  picture.  An  example  of  the  latter  is  an  electrome- 
chanical  device  such  as  a  plotter  having  a  light  sen- 
sor  instead  of  a  pen.  In  some  implementations,  an 
operator  manually  guides  a  carriage  along  a  line  to 
be  acquired;  a  photosensor  detects  when  the  car- 
riage  is  directly  over  a  line  and  enables  the  system 
to  store  X  and  Y  coordinates  of  the  carriage.  By 
moving  the  carriage  on  an  irregular  path  over  the 
line,  the  intersections  of  the  path  and  the  line  are 
stored  as  end  points  of  a  string  of  vectors.  A  total- 
ly  automatic  line-following  system  must  first  scan 
the  entire  picture  to  locate  lines  and  features,  and 
maintain  a  data-storage  bookkeeping  system  to  pre- 
clude  duplicate  storage  of  data.  Otherwise,  an  oper- 
ator  must  locate  lines  and  direct  the  process,  line  by 
line. 

"jf-f 
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Such  scanners  include  laser  scanners  having  mov- 
ing  mirrors  which  scan  a  laser  spot  across  the  pic- 
ture.  A  moving  spot  may  also  be  produced  by  focus- 
ing  the  face  of  a  raster-scanned  CRT  onto  the  doc- 

5  ument.  Another  scanning  approach  involves 
scanning  the  document  or  an  optical  image  of  the 
document,  with  an  area  detector  such  as  a  vidicon 
or  a  solid-state  imaging  array. 

The  image  acquisition  element  12  of  system  10  uti- 
10  lizes  a  form  of  raster  scanning  to  dissect  an  optical 

image  of  the  document  14  into  a  plurality  of  columns 
of  square  picture  elements  or  pixels,  one  of  which 
columns  16  is  depicted  in  Fig.  1.  A  linear  array  of 
photosensitive  charge-coupled  devices  (CCD) 

15  could  be  used  to  sense  one  entire  column  16  of  con- 
tiguous  pixels  of  the  appropriately  illuminated  docu- 
ment  14.  The  light  intensity  in  each  pixel  is  compared 
with  a  threshold  value  and  converted  to  a  binary 
digital  signal  representing  either  a  black  or  a  white 

20  area  of  the  document  14.  The  electrical  signals  rep- 
resenting  the  column.  16  are  coupled  via  a  connec- 
tion  18  to  a  digital  hardware  element  20.  The  entire 
document  14  is  scanned  by  successively  reposition- 
ing  the  linear  CCD  imaging  array  in  the  direction 

25  perpendicular  to  the  column  16  by  mechanical  means 
22  responsive  to  the  digital  hardware  element  20. 
The  result  is  a  digital  image  in  the  form  of  a  serial  ma- 
trix  or  bit-map  having  elements  representing  the  en- 
tire  document  14. 

30  The  digital  hardware  element  20  comprises  a  pre- 
processor  24  and  a  control  logic  element  26.  The 
preprocessor  24  receives  the  serial  digitized  data 
from  the  image  acquisition  element  1  2  and  performs 
a  series  of  high-speed  transformations  on  the  data 

35  as  it  is  received.  The  preprocessor  24  changes  the 
data  from  a  bit-map  representation  of  the  sensed  im- 
age  into  a  compact  feature  representation  by  per- 
forming  selected  preprocessing  operations  such  as 
smoothing,  growing,  thinning,  removing  dots  and 

40  voids,  etc.  Smoothing  is  a  process  which  removes 
spurious  points  adjacent  to  a  line,  growing  fills  dis- 
continuities  in  lines  and  broad  features,  thinning  re- 
duces  broad  features  to  skeletal  lines  usually  no 
more  than  one  pixel  wide,  and  the  process  to  remove 

45  dots  and  voids  eliminates  any  representative  dark 
or  light  areas  that  are  smaller  than  the  smallest  in- 
formation  size  designated  by  the  user  in  the  original 
drawing.  The  transformed  data  is  transferred  via  a 
bus  28  to  a  microcomputer  30  for  additional,  high- 

50  level  processing.  The  data  output  from  the  prepro- 
cessor  24  to  the  microcomputer  30  is  still  a  bit-map 
representation  of  the  document  14;  however,  only 
pixels  associated  with  line  data  and  edges  are  out- 
put  to  the  microcomputer  30.  The  data  is  trans- 

55  ferred  in  real  time  as  the  document  14  is  being 
scanned.  The  microcomputer  30,  under  control  of  a 
software  module  32,  encodes  and  lists  the  data,  and 
converts  the  listed  data  into  an  abstraction  compris- 
ing  a  list  of  vectors  representing  the  original  docu- 

60  ment.  When  the  image  of  the  document  14  has  been 
thus  encoded  as  vectors,  the  data  can  be  easily  ed- 
ited,  displayed  and  stored,  or  otherwise  processed 
by  a  user  device  34. 

The  control  logic  26  serves  as  an  interface  be- 
65  tween  the  microcomputer  30,  the  preprocessor  24, 

make  that  selection.  In  addition,  the  bit  values  of  the 
window  being  examined  are  applied  to  the  balance  of 
the  address  lines  of  the  pattern  memory.  In  re- 
sponse  thereto  the  appropriate  correction  factor  is 
selected  and  stored  in  a  single  bit  delay  to  be  used 
as  the  first  bit  of  the  next  window.  In  addition,  a  reg- 
ister  file  is  provided  for  receiving  the  bit  values  of 
the  first  (j-1)  pixels  in  each  of  the  k  rasters  of  the 
present  window  to  be  shifted  to  become  the  bit  val- 
ues  for  the  last  (j-1)  pixels  in  the  next  window.  Also, 
the  bit  value  of  each  of  the  last  pixels  in  the  first  (k- 
1)  rasters  of  the  present  window  are  applied  to  an  (n- 
1)  raster  delay  storage  and  the  output  bits  of  that 
storage  unit  are  provided  to  the  pattern  memory  for 
the  first  pixel  in  the  last  (k-1)  rasters  of  the  next  win- 
dow.  This  sequence  thus  progresses  similarly  for 
subsequent  windows. 

Description  of  the  Drawings 

A  full  understanding  of  the  present  invention  will 
be  obtained  from  a  detailed  description  given  here- 
inbelow  and  the  accompanying  drawings.  In  addition, 
the  drawings  are  given  by  way  of  illustration  only, 
and  thus  are  not  limitative  of  the  present  invention. 
Further,  wherein: 

Fig.  1  is  a  block  diagram  of  an  automatic  picture 
coding  system  in  accordance  with  the  instant  inven- 
tion. 

Fig.  2  is  a  more  detailed  block  diagram  of  the  sys- 
tem  of  Fig.  1  . 

Figs.  3  and  4  illustrate  a  data  format  utilized  in 
the  practice  of  the  present  invention. 

Fig.  5  illustrates  the  mounting  of  the  document  to 
be  stored  electronically  on  a  drum  including  a  repre- 
sentation  of  the  rasters,  pixels  and  windows  used 
by  the  present  invention. 

Fig.  6  shows  a  simplified  representation  of  a  sin- 
gle  window  generation  technique  of  the  present  in- 
vention. 

Fig.  7  shows  a  detailed  block  diagram  of  the 
present  invention. 

Description  of  the  preferred  embodiment 

Fig.  1  shows  a  simplified  block  diagram  of  an  auto- 
matic  picture  coding  system  10.  That  picture  coding 
system  comprises  an  image  acquisition  element  12 
which  converts  an  image  of  a  document  14  into  elec- 
trical  signals.  A  variety  of  means  may  be  utilized  to 
acquire  an  image  of  a  document  including  scanners 
wherein  the  document  to  be  read  is  moved  past  a 
fixed  sensor  and  light  source.  An  example  is  the  fac- 
simile  drum  scanner  in  which  the  original  is  attached 
to  the  outside  of  a  rapidly  rotating  cylinder  moving 
slowly  along  its  axis  with  respect  to  the  sensor,  thus 
producing  a  raster-scanned  image  of  the  document. 
In  a  variation  of  the  foregoing,  the  original  docu- 
ment  and  the  detector  remain  fixed  and  the  scanning 
is  effected  by  moving  mirrors.  A  second  type  of 
scanner  is  one  in  which  a  small  intense  spot  of  light 
is  scanned  over  a  document,  light  reflected  from 
the  document  being  detected  by  a  single-element  de- 
tector  with  no  particular  directional  characteristics. 
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and  the  image  acquisition  element  12,  providing  con- 
trol,  sequencing  and  timing  functions.  Among  these 
functions  are  control  of  the  mechanical  means  22 
for  scanning  the  imaging  array  as  well  as  data  trans- 
fer  functions. 

Referring  now  to  Fig.  2,  the  automatic  picture 
coding  system  1  0  of  Fig.  1  ,  is  shown  in  greater  detail. 
The  image  acquisition  element  12  comprises  a  lens 
38,  and  an  image  detector  40.  Document  1  4  is  mount- 
ed  on  a  rotating  drum  and  one  column  of  the  docu- 
ment  is  focused  onto  the  image  detector  40  which, 
for  illustrative  purposes,  is  shown  as  a  linear  CCD 
photodiode  array  having  N  photosensitive  elements 
receiving  photons  from  the  column  16.  N  is  the  maxi- 
mum  number  of  pixels  around  the  circumference  of 
the  drum.  Alternatively,  the  CCD  photodiode  array 
may  scan  a  plurality  of  columns  along  the  axis  of  the 
drum  and  store  this  data  for  the  entire  circumfer- 
ence  of  the  drum.  The  lens  38  and  image  detector  40 
are  mounted  on  a  carriage  42  which  is  connected  to 
a  stepper  motor  44  by  mechanical  means  46.  The 
charge  is  transferred  from  the  photodiodes  to  a 
CCD  analog  shift  register  48.  After  the  transfer, 
the  photodiodes  40  once  again  begin  integrating 
light  while  the  sensed  charge  pattern  is  shifted 
through  the  CCD  analog  shift  register  48  to  a 
threshold  comparator  50.  Each  of  the  output  volt- 
ages  of  the  charge-pattern  sequence  representing 
the  light  striking  each  of  the  photodiodes  in  se- 
quence  along  the  array  40  is  compared  to  a  prede- 
termined  threshold  voltage  in  the  threshold  compa- 
rator  50  and  regenerated  as  a  binary  signal  repre- 
sentative  of  the  light/dark  pattern  of  the  sensed 
line  wherein  a  binary  "one"  represents  a  black  or 
dark  area  and  "zero"  represents  a  white  or  light  ar- 
ea.  A  column  or  line  of  data  sensed  by  the  CCD  ar- 
ray  40  is  referred  to  herein  as  a  "raster"  of  data, 
or  simply,  a  raster.  The  image  data  from  the  CCD 
photodiode  array  is  stored  in  a  line  store  52. 

New  data  is  acquired  by  the  image  detector  40 
while  the  previous  image  is  being  shifted  out  of  the 
CCD  shift  register  48  into  the  line  store  52.  Thus, 
the  stepper  motor  44  is  activated  to  begin  moving 
the  carriage  42  immediately  after  the  transfer  of  da- 
ta  from  the  photodiode  array  40  into  the  CCD  shift 
register  48.  The  image  detector  40  is  moved  on  the 
carriage  42  which  in  the  presently  described  em- 
bodiment  is  a  micrometer  driven  translation  stage, 
the  micrometer  46  being  turned  by  the  stepper  mo- 
tor  44.  The  use  of  a  stepper  motor  allows  precise 
positioning  of  the  array  over  a  number  of  steps  and 
allows  the  array  40  to  be  stepped  intermittently  pre- 
cluding  problems  due  to  mechanical  inertia.  The 
stepper  motor  44  is  driven  by  a  motor  latch  and 
drive  circuit  54  in  response  to  input  signals  from 
the  system  software. 

A  raster  of  data  stored  in  the  line  store  52  is 
transferred  one  bit  at  a  time  on  demand  to  the  pre- 
processor  or  window  processor  24  under  control  of 
the  control  logic  26,  and  while  this  transfer  is  occur- 
ring,  another  raster  of  data  is  being  acquired  by  the 
image  acquisition  element  1  2.  The  window  processor 
24  thus  processes  successive  rasters  of  data  as 
they  are  acquired  utilizing  a  technique  known  in  the 
art  as  "neighborhood"  or  window  logic.  Neighbor- 

hood  logic  refers  to  an  operation  performed  digitally 
on  an  array  of  data  A(I,J)  which  is  carried  out  so  as 
to  transform  A(I,J)  into  a  new  data  array  A'(I,J) 
wherein  each  element  in  the  new  array  has  a  value 

5  determined  only  by  the  corresponding  element  in  the 
original  array  along  with  the  values  of  its  nearest 
neighbors.  The  nearest  neighbor  configuration  is 
called  a  "window"  and  apparatus  performing  opera- 
tions  on  arrays  of  identically  configured  windows  is 

1  o  called  window  logic. 
Referring  to  Fig.  3,  there  is  shown  a  bit-map  60  of 

black  and  white  pixels  of  sampled  data  representing 
a  portion  of  a  scanned  document  with  successive 
raster  portions  being  arranged  vertically  in  the  fig- 

15  ure.  A  3-pixei  wide  by  3-pixel  high  section  of  the  bit- 
map  60  is  defined  as  a  window  62.  A  window  such  as 
the  window  62  may  be  centered  at  any  pixel  in  the  im- 
age.  Although  a  window  such  as  the  window  62  of 
the  presently  described  embodiment  of  the  inven- 

20  tion  is  a  square  tessellation,  other  tessellations  may 
be  utilized.  The  window  preprocessor  24  examines 
each  of  the  3x3  windows  in  the  image  serially  a 
number  of  times  and,  based  on  the  pattern  of  light 
and  dark  pixels  within  the  window,  changes  a  center 

25  pixel  64  from  light  to  dark,  from  dark  to  light,  or 
leaves  it  unchanged.  This  operation,  applied  se- 
quentially  to  windows  centered  at  each  pixel  in  the 
image  and,  in  some  instances,  repeated  a  number  of 
times,  performs  all  image  transformations  involved 

30  in  thinning,  growing,  noise  elimination  and  smoothing 
of  the  image. 

Fig.  4  represents  a  window  of  pixel  data  having  9 
pixels  labeled  8-0  as  shown.  The  instant  invention 
utilizes  a  data  format  wherein  each  window  is  ex- 

35  pressed  as  a  9-bit  binary  word,  each  of  the  bits  of 
the  word  having  a  numbered  location  in  the  window 
which  corresponds  with  the  binary  weight  of  the  bit, 
i.e.,  the  most  significant  bit  of  the  binary  word  cor- 
responds  with  the  center  pixel  (28);  the  least  signifi- 

40  cant  bit,  with  the  pixel  to  the  right  of  the  center  pixel 
(2°)  in  Fig.  4.  The  window  62  of  Fig.  3  is  thus  ex- 
pressed  as  a  binary  number  100,001,111,  or  41  7e  in 
octal  notation.  A  window  65  of  Fig.  3  is  expressed 
as  110,001,1012  or  6158  in  the  data  format  of  the  in- 

45  stant  invention.  Each  window  pattern  thus  has  a 
unique  number  associated  with  it  which  represents 
one  of  512  (29)  possible  patterns.  This  unique 
number  is  used  in  the  window  processor  as  a  table- 
lock-up  instruction  to  determine  a  value  to  use  in 

50  the  next  window.  For  example,  the  window  400s  rep- 
resents  a  single  isolated  black  pixel  in  a  field  of 
white  and  may  be  considered  as  noise.  The  noise 
can  be  removed  by  loading  a  zero  into  the  table  loca- 
tion  corresponding  to  the  window  400s.  The  window 

55  processor  would  then  output  a  zero  to  the  next  win- 
dow  for  every  occurrence  of  400s.  Similarly,  a  win- 
dow  3778  having  a  white  pixel  in  a  field  of  black  can 
be  filled  in  by  generating  a  "1"  for  the  next  window. 

In  the  Fig.  4  representation  of  a  window,  the 
60  three  raster  portions,  formed  respectively  by  pixel 

groups  1,0,7;  2,8,6;  and  3,4,5  reside  in  three  suc- 
cessive  rasters  of  data.  Referring  now  to  Fig.  5,  a 
document  72  is  shown  mounted  on  a  rotating  drum  70 
with  a  portion  of  the  effective  rasterization  of  the 

65  document  superimposed  thereon.  There  is  shown  in- 
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for  each  of  the  cascaded  windows  to  be  stored  in 
pattern  memory  110  independent  of  the  order  in 
which  they  will  be  used  with  microcomputer  30  con- 
trolling  their  ordering  via  pattern  selection  memory 

5  106,  the  output  signal  of  which  provides  additional 
address  information  to  pattern  memory  110.  The  bal- 
ance  of  the  address  information  for  pattern  memory 
110  is  provided  by  the  bit  information  of  the  nine 
pixels  (A-l)  which  make  up  the  window  being  ob- 

10  served. 
This  bank  of  eight  windows  receives  the  pixel  da- 

ta  serially  from  image  acquisition  12  (Fig.  1)  or  anoth- 
er  bank  via  new  pixel  input  line  134.  The  new  pixel  is 
then  applied  to  the  first  window  in  the  bank  as  pixel 

15  A  and  will  only  be  seen  by  that  window  since  pixel  A 
of  each  of  the  subsequent  windows  is  determined  by 
the  output  state  of  pattern  memory  1  10  as  discussed 
below.  Note,  that  the  output  signal  of  3-bit  counter 
108  determines  which  window  is  being  observed  and 

20  the  sequence  of  the  windows  (000  for  the  first  win- 
dow  and  1  1  1  for  the  eighth  window).  With  a  000  output 
state  from  counter  108,  pixels  B,  C,  E,  F,  H,  and  I 
are  read  from  register  file  104,  pixel  A  from  multi- 
plexer  (Mux)  100  and  pixels  D  and  G  from  Muxs  128 

25  and  132,  respectively,  to  construct  the  first  window 
of  the  bank  for  the  balance  of  the  address  signals 
to  pattern  memory  1  10.  In  keeping  with  the  algorithms 
developed  by  Arcelli  and  Rosenfeld  for  processing 
digitized,  raster-scanned  documents,  the  bit  values 

30  -of  each  of  the  pixels  in  the  3x3  window  together  de- 
termine  whether  the  center,  or  E  pixel,  bit  value  is  a 
1  or  a  0  for  subsequent  processing  of  the  raster- 
scanned  bit  stream.  Thus,  the  new  bit  value  of  the 
center  pixel  in  the  first  window  resulting  from  the 

35  look-up  operation  of  pattern  memory  110  and  output 
therefrom  is  stored  in  flip-flop  102  to  be  used  as  the 
bit  value  for  pixel  A  in  the  second  of  the  eight  win- 
dows  in  the  bank.  Before  the  output  count  of  coun- 
ter  108  is  advanced,  the  current  bit  values  of  pixels 

40  A,  B,  D,  E,  G,  and  H  are  rewritten  into  register  file 
104,  and  the  current  bit  values  of  pixels  C  and  F  are 
written  into  8-bit  shift  registers  112  and  114,  respec- 
tively,  and  thereafter  into  the  two  8-bit  holding  reg- 
isters  1  16  and  118,  respectively. 

45  Counter  108  is  then  incremented  to  create  the 
second  window.  The  bit  value  for  pixel  A  is  the  out- 
put  state  of  flip-flop  102  since  Mux  100  only  selects 
a  new  pixel  when  the  count  from  counter  108  is  000. 
The  bit  values  for  pixels  B,  C,  E,  F,  H,  and  I  are  ob- 

50  tained  from  register  file  104  and  those  bit  values 
correspond  to  the  bit  values  of  pixels  A,  B,  D,  E,  G, 
and  H,  respectively,  of  the  previous  time  that  win- 
dow  was  accessed.  As  for  the  first  window  in  the 
bank,  the  bit  value  of  pixels  D  and  G  is  obtained 

55  from  Muxs  128  and  132,  respectively  under  the  con- 
trol  of  counter  108.  The  output  state  from  pattern 
memory  1  10  thus  provides  the  bit  value  for  pixel  A  in 
the  next  window  as  discussed  above. 

During  a  complete  cycle  of  counter  108,  the  bit 
60  value  of  16  pixels  (pixels  D  and  G  of  each  window) 

must  be  recalled  from  raster  delay  storage  144 
(where  the  (n-3)  bit  values  of  the  pixels  in  each 
raster-scan  which  are  not  currently  in  a  window  are 
stored),  the  bit  values  of  16  other  pixels  (pixels  C 

65  and  F  of  each  window)  must  be  transferred  from 

dividual  vertically  oriented  rasters  74-84,  each  di- 
vided  into  a  number  of  squares  to  represent  the  in- 
dividual  pixels.  In  addition,  two  data  windows  86  and 
88  are  also  shown.  As  will  be  discussed  below,  the 
window  of  data  used  during  the  processing  may  be 
different  from  an  "actual"  window  of  data  in  the  doc- 
ument  due  to  the  processing  algorithms  being  used. 
Further,  since  each  pixel  of  data  will  be  used  repeat- 
edly  in  numerous  windows,  the  detector  40  (see  Fig. 
2)  reads  the  information,  from  the  document  pixel  by 
pixel  only  once.  Thus,  in  window  86,  pixels  A-C,  D-F 
and  G-I  correspond  to  three  of  the  pixels  in  each  of 
rasters  78,  76  and  74,  respectively,  with  pixel  A  be- 
ing  the  most  recently  acquired,  and  pixel  I  being  the 
earliest  acquired  by  detector  40  or  from  the  previ- 
ous  window. 

Referring  now  to  Fig.  6  in  conjunction  with  Fig.  2, 
the  bit  stream  from  the  line  store  52  is  input  to  the 
window  processor  24  via  a  bus  66.  All  nine  bits  of  a 
window  are  examined  simultaneously  utilizing  a 
tapped  delay-line  structure  comprising  1-bit  delay  el- 
ements  for  each  of  the  nine  bit  positions  of  window 
90  and  two  (n-3)-bit  delay  elements  92  and  94, 
where  n  is  equal  to  the  integer  number  of  pixels  in  a 
single  raster  scan  of  the  document  being  digitized 
and  entered  into  the  data  base.  As  the  serialized  da- 
ta  is  received  from  line  store  52,  each  bit  repre- 
sents  a  new  bit  "A",  the  previous  bits  then  ripple 
through  the  corresponding  storage  units  "B"  and 
"C",  then  raster  delay  92,  into  the  next  raster  posi- 
tions  of  "D",  "E"  and  "F",  and  raster  delay  94,  then 
finally  into  the  third  raster  positions  of  "G",  "H"  and 
"I".  The  value  from  the  table  look-up  instruction  for 
one  window  then  progresses  to  position  "A"  of  the 
next  window,  or  to  microcomputer  30  if  the  function 
of  preprocessor  24  is  complete.  Thus,  with  respect 
to  the  configuration  of  Fig.  5,  window  90  has  an  ef- 
fective  direction  of  movement  in  the  upward  verti- 
cal  direction  and  the  document  being  scanned  is 
moving  in  a  downward  vertical  direction. 

Referring  now  to  Fig.  7,  there  is  shown  a  detailed 
block  diagram  of  a  particular  embodiment  of  the 
present  invention.  Stated  in  the  simplest  terms,  the 
embodiment  of  Fig.  7  is  a  cascading  of  eight  of  the 
3x3  window  arrays  shown  in  Fig.  6.  More  complete- 
ly,  the  circuit  of  Fig.  7  embodies  a  scheme  for  con- 
structing  eight  non-recursive,  3x3  pixel  arrays,  or 
windows,  on  which  a  pattern  "look-up"  is  performed 
on  each  window.  Prior  to  the  array  construction  and 
pattern  "look-up",  the  patterns  and  pattern  selec- 
tions  for  the  algorithm  of  interest  are  loaded  into 
pattern  memory  (RAM)  110  and  pattern  selection 
memory  (RAM)  1  06  from  microcomputer  30  and  the 
bit  values  for  pixels  B-l  of  the  first  window  are  re- 
set  to  zero.  As  discussed  above,  a  pattern  is  a 
cluster  of  512  bits  with  each  bit  representing  either 
a  written  or  unwritten  pixel  in  an  arrangement  that 
determines  an  improved  output  by  representing  a 
vector  segment  (i.e.,  connectivity)  by  the  minimum 
number  of  pixels  based  on  each  of  the  possible  512 
input  windows.  For  purposes  of  discussion,  a  pixel 
with  a  bit  value  of  1  will  be  considered  to  be  written, 
whereas  a  pixel  with  a  bit  value  of  0  will  be  consid- 
ered  to  be  unwritten.  The  addition  of  pattern  selec- 
tion  allows  for  the  selection  of  a  different  pattern 



EP  0  195  372  B1 10 

each  for  each  of  the  possible  pixel  patterns  in  the 
k-pixel  by  j-pixel  window,  wherein  the  bit  values  of 
each  pixel  in  the  window  provide  some  of  the  ad- 
dress  information  to  the  pattern  memory  means; 
read/write  pattern  selection  means  (106)  disposed 
to  receive  from  the  microcomputer  (30)  informa- 
tion  as  to  which  of  the  patterns  loaded  into  the 
pattern  memory  means  is  to  be  used  for  which  of 
the  m  windows  wherein  the  output  signal  from  the 
counter  means  provides  additional  address  infor- 
mation  to  the  pattern  selection  memory  means; 
delay  means  (102)  under  the  control  of  the  output 
signal  of  the  clock  means  for  receiving  and  hold- 
ing  the  correction  factor  output  signal  of  the  pat- 
tern  memory  means  (110); 
first  multiplexer  means  (100)  disposed  to  receive 
at  its  input  terminals  data  from  the  raster- 
scanned  pixel  bit  stream  and  the  output  signal 
from  the  delay  means  (102)  for  selectively  cou- 
pling  one  of  said  input  signals  to  a  first  address 
port  of  the  pattern  memory  means  (110)  which 
corresponds  to  a  particular  bit  position  in  the  win- 
dow  in  response  to  the  output  signal  from  the 
counter  means,  wherein  a  bit  is  selected  from  the 
raster-scanned  pixel  bit  stream  when  the  counter 
output  signal  corresponds  to  the  first  window  and 
the  output  bit  of  the  delay  means  is  selected  for 
all  other  output  signals  of  the  counter  means 
(108); 
register  file  means  (104)  for  receiving  the  pixel  bit 
values  for  each  of  first  j-1  pixel  positions  in  each 
of  the  the  k  raster  portions  in  one  window  for  con- 
version  into  the  pixel  bit  values  for  each  of  the 
last  j-1  pixel  positions  in  each  of  the  k  raster  posi- 
tions  in  the  next  window,  these  shifted  bit  values 
then  being  applied  to  the  pattern  memory  means 
as  said  some  of  the  address  information;  and 
(n-1)xm  raster  delay  storage  means  (144)  for  stor- 
ing  the  bit  values  for  those  pixels  not  currently  in 
the  window  by  receiving  as  input  signals  the  bit 
values  of  the  kth  pixel  in  the  first  j-1  rasters  of 
the  window  currently  being  examined  and  by  pro- 
viding  the  bit  values  for  the  first  pixel  in  each  of 
the  last  j-1  rasters  of  the  next  window  to  the  cor- 
responding  address  lines  of  the  pattern  memory 
means  (110)  under  the  control  of  the  clock  and 
counter  means. 

Patentanspriiche 

1.  System  zum  von  einem  Mikrocomputer  (30) 
uberwachten  Verarbeiten  einer  rasterweise  aufge- 
nommenen  Bit-Folge  von  Bildpunkten  eines  ausge- 
wahlten  Dokumentes  (72),  wobei  eine  Gruppe  von 
Fenstern  (62,  65;  86,  88;  90)  gebildet,  jedes  Fen- 
ster  untersucht  und  ein  ausgewahlter  jeweils  unter- 
schiedlicher  Algorithmus  aus  einer  Gruppe  mehre- 
rer  bekannter  Algorithmen  zum  Gruppieren  benach- 
barter  Bildpunkte  in  kleineren  Feldern  bei  jedem 
Fenster  ausgefuhrt  wird,  bevor  die  modifizierte  ra- 
sterweise  aufgenommene  Bit-Folge  von  Bildpunkten 
vektorisiert  und  in  einer  Datenbasis  gespeichert 
wird,  wobei  jedes  Raster  n  Bildpunkte  und  die  Grup- 
pe  m  Fenster  umfaBt  und  jedes  Fenster  k  Bildpunkte 
breit  und  I  Bildpunkte  hoch  ist  und  wobei  m  und  n 

holding  registers  116  and  118  to  raster  delay  storage 
144,  and  the  modulo  (n-3)  counter  124  must  be  incre- 
mented  to  cause  the  bit  values  to  ripple  through  (n- 
3)  pixel  storage  registers  120  and  122  all  of  the 
raster  delay  storage  144.  Here  it  should  be  noted  5 
that  the  use  of  dynamic  memory  for  a  variable 
length  shift  register  structure,  such  as  this,  for  the 
raster  delay  storage  144  makes  it  possible  to  utilize 
the  same  circuit  configurations  for  all  document  siz- 
es.  When  counter  108  rolls  over  to  000  each  time,  a  10 
new  first  window  will  be  viewed.  This  effectively 
causes  the  windows  to  move  over  the  document  al- 
lowing  each  portion  of  the  document  to  be  observed 
and  processed  before  vectorization  occurs.  By  the 
selection  of  a  clock  signal  having  a  frequency  equal  15 
to  8  (the  number  of  windows  in  the  bank)  times  the 
pixel  rate,  the  bit  value  of  a  pixel  is  available  on  line 
146  for  further  processing  or  storage  by  a  subse- 
quent  device. 

An  eight  window  bank,  as  shown  in  Fig.  7  was  se-  20 
lected  since  it  provides  economy  in  motherboard 
size  and  complexity  and  product  package  count. 
Pattern  memory  110  in  this  embodiment  is  a  4Kxl 
RAM  to  accommodate  the  8  times  512  data  locations 
necessary  for  the  eight  windows  of  the  bank.  The  25 
pattern  selection  memory  106  is  an  8x3  RAM  to  al- 
low  the  random  storage  of  the  eight  patterns  in  the 
pattern  memory  110. 

While  this  invention  has  been  described  in  terms 
of  one  preferred  embodiment  of  a  bank  of  eight  win-  30 
dows,  it  is  contemplated  that  persons  reading  the 
preceding  descriptions  and  studying  the  drawings 
will  realize  various  alterations  and  modifications 
where  a  bank  may  have  other  than  eight  windows 
and  each  window  may  be  other  than  3-pixels  by  3-  35 
pixels.  It  is  therefore  intended  that  the  following  ap- 
pended  claims  be  interpreted  as  including  all  such  al- 
terations  and  modifications  as  fall  within  the  true 
spirit  and  scope  of  the  present  invention. 

40 
Claims 

1.  A  system  for  operating  on  a  raster-scanned 
pixel  bit  stream  from  a  selected  document  (72)  under 
the  control  of  a  microcomputer  (30)  to  form  a  bank  45 
of  windows  (62,65;86,88;90)  wherein  each  window  is 
examined  and  a  selected  different  one  of  several 
known  algorithms  for  grouping  adjacent  pixels  into 
smaller  arrays  is  applied  to  each  window  before  the 
modified  raster-scanned  pixel  bit  stream  is  vector-  50 
ized  and  stored  in  a  data  base,  each  raster  includes 
n  pixels,  the  bank  includes  m  windows  and  each  win- 
dow  is  k-pixels  wide  by  j-pixels  high,  wherein  m  and  n 
are  integers  of  1  or  greater  and  k  and  j  are  integers 
of  3  or  greater,  characterized  by:  55 

clock  means  for  generating  an  output  signal  equal 
to  m  times  the  pixel  bit  rate; 
counter  means  (108)  for  generating  a  different 
output  signal  to  sequentially  select  the  m  windows 
in  the  bank  under  the  control  of  the  output  signal  60 
of  the  clock  means; 
read/write  pattern  memory  means  (110)  disposed 
to  receive  from  the  microcomputer  (30)  the  cor- 
rection  factors  for  each  of  m  patterns,  with  each 
pattern  including  2>«n  correction  factors,  one  65 
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sprechenden  AdreBleitungen  des  Musterspei- 
chers  (110)  abgibt,  wobei  er  von  dem  Taktgeber 
und  dem  Zahler  uberwacht  ist. 

5  Revendications 

1  .  Systeme  pour  agir  sur  un  flux  d'elements  binai- 
res  obtenu  par  balayage  trame  d'un  document  selec- 
tionne  (72)  sous  la  commande  d'un  micro-ordinateur 

10  (30)  pour  former  un  groupe  de  fenetres  (62,  65;  86, 
88;  90),  dans  lequel  chaque  fenetre  est  examinee  et 
un  algorithme  different  selectionne  parmi  plusieurs 
algorithmes  connus  pour  grouper  des  elements 
d'image  voisins  en  groupements  plus  petits  est  appli- 

15  que  a  chaque  fenetre  avant  que  le  flux  d'elements 
binaires  d'elements  d'image  obtenu  par  balayage  tra- 
me  soit  vectorise  et  memorise  dans  une  banque  de 
donnees,  chaque  trame  de  balayage  comprenant  n 
elements  d'image,  le  groupe  de  fenetres  comprenant 

20  m  fenetres  et  chaque  fenetre  etant  large  de  k  ele- 
ments  d'image  et  haute  de  I  elements  d'image,  ou  m  et 
n  sont  des  nombres  entiers  egaux  a  1  ou  plus  et  k  et  I 
sont  des  nombres  entiers  egaux  a  3  ou  plus,  carac- 
terise  en  ce  qu'il  comprend: 

25  -  des  moyens  d'horloge  pour  produire  un  signal 
de  sortie  egal  a  m  fois  la  cadence  des  elements  bi- 
naires  des  elements  d'image; 
-des  moyens  de  comptage  (108)  pour  produire  un 
signal  de  sortie  different  pour  selectionner  se- 

30  quentiellement  les  m  fenetres  dans  le  groupe 
sous  la  commande  du  signal  de  sortie  des  moyens 
d'horloge; 
-  des  moyens  de  memoire  de  motifs  a  lecture  et 
ecriture  (110)  connectes  pour  recevoir  du  micro- 

35  ordinateur  (30)  les  facteurs  de  correction  pour 
chacun  des  m  motifs,  chaque  motif  comprenant 
2kxn  facteurs  de  correction,  un  pour  chacun  des 
motifs  possibles  d'elements  d'image  dans  la  fene- 
tre  de  k  elements  d'image  par  I  elements  d'image, 

40  les  valeurs  d'element  binaire  de  chaque  element 
d'image  fournissant  une  partie  des  informations 
d'adresse  aux  moyens  de  memoire  de  motifs  (110); 
-  des  moyens  de  memoire  de  selection  de  motifs  a 
lecture  et  ecriture  (106)  connectes  pour  recevoir 

45  du  micro-ordinateur  (30)  I'information  sur  lequel 
des  motifs  charges  dans  les  moyens  de  memoire 
de  motifs  (110)  doit  etre  utilise  pour  laquelle  des  m 
fenetres,  le  signal  de  sortie  des  moyens  de  comp- 
teur  (108)  fournissant  des  informations  d'adresse 

50  supplementaires  aux  moyens  de  memoire  de  selec- 
tion  de  motifs  (106); 
-  des  moyens  de  retard  (102)  fonctionnant  sous  la 
commande  du  signal  de  sortie  des  moyens  d'horlo- 
ge  pour  recevoir  et  maintenir  le  signal  de  sortie 

55  de  facteur  de  correction  des  moyens  de  memoire 
de  motifs  (110); 
-des  premiers  moyens  de  multiplexeur  (100)  con- 
nectes  pour  recevoir  a  leurs  bornes  d'entree  des 
donnees  provenant  du  flux  d'elements  binaires 

60  d'elements  d'image  obtenu  par  balayage  trame  et 
le  signal  de  sortie  des  moyens  de  retard  (102) 
pour  appliquer  selectivement  un  desdits  signaux 
d'entree  a  une  premiere  entree  d'adresse  des 
moyens  de  memoire  de  motifs  (1  1  0)  qui  correspond 

65 

ganze  Zahlen  groBer  Oder  gleich  1  sind  und  k  und  I 
ganze  Zahlen  groBer  oder  gleich  3  sind,  gekenn- 
zeichnet  durch 

einen  Taktgeber  zum  Erzeugen  eines  Ausgangs- 
signales  mit  m-mal  so  groBer  Haufigkeit  wie  die 
Bit-Rate  1  der  Bildpunkte; 
einen  Zahler  (108)  zum  Erzeugen  eines  jeweils  un- 
terschiedlichen  Ausgangssignales,  urn  nachein- 
ander  die  m  Fenster  der  Gruppe  uberwacht  von 
dem  Ausgangssignal  des  Taktgebers  auszuwah- 
len; 
einen  Muster-Schreib/Lese-Speicher  (110),  der 
von  dem  Mikrocomputer  (30)  die  Korrekturfakto- 
ren  fur  jedes  von  m  Mustern  empfangt,  wobei 
jedes  Muster  2kxn  Korrekturfaktoren  umfaBt,  d. 
h.  jeweils  einen  Korrekturfaktor  fur  jedes  der 
moglichen  Bildpunktmuster  in  dem  Fenster  mit  k  x  I 
Bildpunkten,  wobei  die  Bit-Werte  der  einzelnen 
Bildpunkte  in  dem  Fenster  Informationen  betref- 
fend  die  Adresse  fur  den  Musterspeicher  bein- 
halten; 
einen  Muster-Schreib/Lese-Selektor  (106),  der 
von  dem  Mikrocomputer  (30)  Informationen  dar- 
iiber  erhalt,  welches  der  in  dem  Musterspeicher 
abgelegten  Muster  fur  welches  der  n  Fenster 
verwendet  werden  soil,  wobei  das  Ausgangssi- 
gnal  des  Zahlers  zusatzliche  Adressierinforma- 
tionen  fur  den  Speicher  des  Muster-Selektors 
beinhaltet; 
einen  Verzogerer  (102),  welcher  von  dem  Aus- 
gangssignal  des  Taktgebers  uberwacht  das  Aus- 
gangssignal  des  Muster-Speichers  (110)  betref- 
fend  den  Korrekturfaktor  empfangt  und  halt; 
einen  ersten  Multiplexer  (100),  der  an  seinen  Ein- 
gangsanschliissen  Daten  von  der  rasterweise 
aufgenommenen  Bit-Folge  von  Bildpunkten  und 
das  Ausgangssignal  des  Verzogerers  (102)  emp- 
fangt,  urn  wahlweise  eines  der  genannten  Ein- 
gangssignale  an  einen  ersten  AdreB-AnschluB 
des  Musterspeichers  (110)  zu  geben,  der  einer 
bestimmten  Bit-Position  in  dem  Fenster  abhangig 
von  dem  Ausgangssignal  von  dem  Zahler  ent- 
spricht,  wobei  ein  Bit  von  der  rasterweise  aufge- 
nommenen  Bit-Folge  von  Bildpunkten  ausgewahlt 
ist,  wenn  das  Ausgangssignal  des  Zahlers  dem 
ersten  Fenster  entspricht  und  das  Ausgangs-Bit 
des  Verzogerers  fur  alle  anderen  Ausgangssi- 
gnale  des  Zahlers  (108)  ausgewahlt  ist; 
einen  Registerspeicher  (104),  der  die  Bit-Werte 
der  Bildpunkte  jeder  von  ersten  1-1  Bildpunktposi- 
tionen  in  jeder  der  k  Rasterpositionen  in  einem 
Fenster  empfangt,  urn  sie  in  Bit-Werte  der  Bild- 
punkte  fur  jede  der  letzten  1-1  Bildpunktpositionen 
in  jeder  der  k  Rasterpositionen  des  nachsten 
Fensters  zu  wandeln,  wobei  diese  verschobenen 
Bit-Werte  dann  dem  Musterspeicher  als  die  ge- 
nannten  AdreB-lnformationen  zugeleitet  werden; 
und  einen  (n-1)  xm-Rasterverzogerungsspeicher 
(144),  der  die  Bit-Werte  von  momentan  nicht  in 
den  Fenstern  befindlichen  Bildpunkten  speichert, 
indem  er  als  Eingangssignale  die  Bit-Werte  des  k- 
ten  Bildpunktes  in  den  ersten  1-1  Rastern  des  mo- 
mentan  untersuchten  Fensters  empfangt  und  die 
Bit-Werte  der  ersten  Bildpunkte  in  jedem  der  letz- 
ten  1-1  Raster  des  nachsten  Fensters  an  die  ent- 
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a  un  emplacement  determine  d'element  binaire 
dans  la  fenetre  en  reponse  au  signal  de  sortie 
des  moyens  de  compteur  (1  08),  un  element  binaire 
&ant  selectionne  dans  le  flux  d'elements  binaires 
d'elements  d'image  obtenu  par  balayage  trame  5 
quand  le  signal  de  sortie  des  moyens  de  compteur 
(108)  correspond  a  la  premiere  fenetre  et  I'ele- 
ment  binaire  de  sortie  des  moyens  de  retard  (1  02) 
etant  selectionne  pour  tous  les  autres  signaux  de 
sortie  des  moyens  de  compteur  (1  08)  ;  10 
-  des  moyens  de  fichier  en  registre  (104)  pour  re- 
cevoir  les  valeurs  d'elements  binaires  des  Ele- 
ments  d'image  pour  chacun  des  1-1  premiers  em- 
placements  d'elements  d'image  dans  chacune  des 
k  parties  de  trame  de  balayage  dans  une  fenetre  15 
pour  les  convertir  en  valeurs  d'elements  binaires 
d'§l6ments  d'image  pour  chacun  des  1  -1  derniers 
emplacements  d'element  d'image  dans  chacun  des 
k  emplacements  de  trame  de  balayage  dans  la  fe- 
netre  suivante,  ces  valeurs  de  binaires  d§calees  20 
etant  ensuite  appliquees  aux  moyens  de  memoire 
de  motifs  (110)  comme  §tant  ladite  partie  des  infor- 
mations  d'adresse;  et 
-  des  moyens  de  memorisation  de  retards  de  tra- 
me  de  balayage  (n-1)xm  (144)  pour  memoriser  les  25 
valeurs  de  binaires  pour  les  elements  d'image  qui 
ne  sont  pas  dans  la  fenetre  a  I'instant  courant  en 
recevant  comme  signaux  d'entree  les  valeurs  de 
binaire  du  k-ieme  element  d'image  contenu  dans 
les  1-1  premieres  trames  de  balayage  de  la  fenetre  30 
examinee  a  I'instant  courant  et  en  foumissant  les 
valeurs  de  binaire  pour  le  premier  element  d'ima- 
ge  dans  chacune  des  1-1  dernieres  trames  de  ba- 
layage  de  la  fenetre  suivante  aux  lignes  d'adres- 
se  correspondantes  des  moyens  de  memoire  de  35 
motifs  (1  1  0)  sous  la  commande  des  moyens  d'horlo- 
ge  et  des  moyens  de  compteur  (1  08). 
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