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(54)  Method  and  apparatus  for  image  processing. 

(57)  A  method  and  apparatus  for  differentiating 
and  extracting  handwritten  annotations  and 
machine  printed  text  in  an  image.  The  method 
provides  for  the  use  of  morphological  oper- 
ations,  preferably  at  reduced  scale,  to  eliminate 
for  example,  the  handwritten  annotations  from 
an  image.  A  separation  mask  is  produced  that, 
for  example,  converts  all  the  image  pixels  corre- 
sponding  to  machine  printed  text,  and  none  of 
the  image  pixels  corresponding  to  handwritten 
or  handprinted  annotations.  The  separation 
mask  is  used  in  conjunction  with  the  original 
image  to  produce  separate  handwritten  anno- 
tations  and  machine  printed  text  images. 
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The  present  invention  relates  to  the  field  of  image  processing,  and  more  particularly  to  a  method  and 
apparatus  for  identifying  and/or  separating  machine  printed  text  and  handwritten  annotations  in  an  image. 

Many  documents  and  their  images  contain  both  machine  printed  text  and  handwritten  annotations.  It  would 
be  useful  to  be  able  to  identify  regions  of  a  scanned  image  that  correspond  to  handwritten  or  handprinted  anno- 

5  tations.  For  example,  current  OCR  systems,  as  well  as  foreseeable  future  OCR  systems,  are  not  able  to  reliably 
recognize  handwritten  annotations  in  an  image.  When  such  text  is  fed  to  a  conventional  OCR  system,  such 
systems  will  often  produce  unusable  results.  The  performance  of  such  systems  could  be  improved  if  handwritten 
regions  could  be  identified  to  avoid  processing  such  regions  in  the  OCR  process. 

On  the  other  hand,  identification  and  retrieval  of  handwritten  annotations  on  documents  are  sometimes 
w  important.  For  example,  an  image  filing  system  would  make  use  of  handwritten  notations  by  saving  the  anno- 

tations  (and  their  coordinates)  along  with  an  OCR-ized  version  of  the  image.  In  general,  if  the  handwritten  anno- 
tations  are  identified  as  such,  the  system  can  save  them  as  bitmap  data,  to  be  fed  back  to  the  user  in  a  way 
that  is  appropriate  to  the  application. 

While  meeting  with  some  success,  prior  methods  of  separating  handwritten  annotations  and  machine  prin- 
15  ted  text  have  met  with  a  variety  of  limitations.  Some  of  the  prior  methods  require  equipment  which  is  expensive, 

complex,  and/or  unreliable,  while  other  techniques  require  significant  amounts  of  computer  memory,  computer 
time,  or  the  like.  Some  of  the  methods  are  less  than  reliable  in  detecting  and  separating  handwritten  anno- 
tations. 

Accordingly,  an  improved  method  and  apparatus  are  desired  for  detecting  the  presence  of  handwritten 
20  annotations  and,  if  present,  separating  them  from  machine  printed  text  in  a  document  or  image. 

It  is  an  object  of  the  present  invention  to  provide  a  method  and  apparatus  for  identifying  and,  optionally, 
separating  handwritten  annotations  and  machine  printed  text  in  an  image  or  document,  the  method  requiring 
relatively  limited  amounts  of  computer  memory  and  processing  time,  while  providing  reliable  results  and  requir- 
ing  relatively  inexpensive  hardware. 

25  Accordingly  the  present  invention  provides,  a  method  of  identifying  handwritten  annotation  areas  of  an  input 
image  having  handwritten  annotations  and  machine  printed  text  areas,  characterised  by  morphologically  pro- 
cessing  a  region  of  the  input  image  having  a  plurality  of  handwritten  annotations  and  machine  printed  characters 
to  produce  a  destination  image,  the  destination  image  identifying  substantially  only  the  machine  printed  text 
areas  or  handwritten  annotations  area. 

30  In  one  embodiment  the  destination  image  is  a  mask  overlaying  substantially  only  the  machine  printed  text 
areas  or  handwritten  annotation  areas.  In  one  preferred  embodiment  a  first  output  handwritten  annotation  image 
or  a  machine  printed  text  image  is  formed  by  anding  the  mask  with  the  input  image.  In  a  further  embodiment 
the  method  includes  the  step  of  xoring  the  first  output  image  with  the  input  image  to  form  a  second  output  image. 

In  a  further  preferred  embodiment  the  mask  is  formed  by  (a)  extracting  seed  pixels  in  substantially  only 
35  said  handwritten  annotation  or  machine  printed  text  areas;  and  (b)  filling  said  seed  pixels  to  a  clipping  mask, 

said  clipping  mask  comprising  substantially  solid  regions  of  ON  pixels  over  said  handwritten  annotation  areas 
and  said  machine  printed  text  areas. 

The  further  preferred  embodiment  may  comprise  the  step  of  forming  the  clipping  mask.  The  step  of  forming 
the  clipping  mask  may  further  comprise  the  steps  of  (1  )  closing  output  of  step  (a)  with  a  horizontal  SE;  and  (2) 

40  opening  output  of  step  (b)  with  a  horizontal  SE. 
In  other  embodiments  the  forming  of  the  clipping  mask  is  preceded  by  the  step  of  reducing  the  input  image 

and/or  the  close  and  the  open  use  horizontal  SEs  with  more  than  three  adjacent  ON  pixels. 
In  further  embodiments  the  step  of  extracting  seed  pixels  further  comprises  the  step  of  identifying  regions 

of  said  image  having  OFF  pixels  laterally  bounded  on  each  side  by  ON  pixels;  and/or  the  steps  of  (a)  closing 
45  the  input  image;  and  (b)  xoring  output  of  step  (a)  with  the  input  image.  The  closing  step  may  be  preceding  by 

the  step  of  reducing  the  input  image. 
In  a  further  embodiment  the  step  of  extracting  seed  pixels  is  a  step  of  processing  the  image  with  a  hit-miss 

SE. 
In  a  further  embodiment  the  step  of  filling  the  seed  pixels  to  a  clipping  mask  further  comprises  the  step  of 

so  (a)  storing  an  input  image;  (b)  dilating  the  input  image;  (c)  anding  output  from  step  (b)  with  said  clipping  mask; 
(d)  comparing  output  of  step  (c)  with  a  stored  image  from  step  (a);  and  (e)  if  the  stored  image  from  step  (a)  and 
the  output  of  step  (c)  differ  by  more  than  a  predetermined  amount,  outputting  the  output  of  step  (c)  as  a  mask 
or,  if  the  stored  image  from  step  (a)  and  the  output  of  step  (c)  differ  by  more  than  a  predetermined  amount, 
repeating  to  step  (a)  with  the  output  of  step  (c)  acting  as  the  input  image. 

55  Another  aspect  of  the  invention  is  the  provision  of  a  digital  computer  programmed  to  perform  any  one  of 
the  methods  described  above  in  relation  to  the  invention. 

A  further  aspect  of  the  invention  is  the  provision  of  an  optical  character  reader  programmed  to  remove  hand- 
written  annotations  in  an  image  before  character  recognition  by  any  one  of  the  methods  described  above  in 
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relation  to  the  invention. 
The  invention  will  be  described  further,  by  way  of  example,  with  reference  to  the  accompanying  drawings, 

in  which:- 
Fig.  1  illustrates  an  embodiment  of  the  invention  in  overall  block  diagrams  and,  in  particular,  Fig.  1A  is  a 

5  block  diagram  illustrating  one  hardware  system  in  which  the  invention  may  be  embodied  while  Figs.  1B 
and  1C  are  overall  flowcharts  illustrating  operation  of  the  invention; 
Fig.  2  illustrates  a  method  of  forming  a  fillclip  mask; 
Fig.  3  illustrates  formation  of  a  machine  printed  text  seed; 
Fig.  4  illustrates  fillclipping  the  seed  to  the  fillclip  mask; 

w  Figs.  5A  to  5D  illustrate  an  alternative  embodiment  of  mask  formation; 
Figs.  6A  and  6B  illustrate  formation  of  machine  printed  text  and  handwritten  annotation  images; 
Figs.  7A  to  7K  illustrate  an  example  of  operation  of  the  first  embodiment  of  the  invention;  and 
Figs.  8A  to  81  illustrate  an  example  of  operation  of  the  second  embodiment  of  the  invention. 

15  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
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A.  Definitions  and  Terminology 

The  present  discussion  deals  with  binary  images.  In  this  context,  the  term  "image"  refers  to  a  representation 
of  a  two-dimensional  data  structure  composed  of  pixels.  A  binary  image  is  an  image  where  a  given  pixel  is  either 

35  "ON"  or  "OFF."  Binary  images  are  manipulated  according  to  a  number  of  operations  wherein  one  or  more  source 
images  are  mapped  onto  a  destination  image.  The  results  of  such  operations  are  generally  referred  to  as 
images.  The  image  that  is  the  starting  point  for  processing  will  sometimes  be  referred  to  as  the  original  image. 

Pixels  are  normally  defined  to  be  ON  if  they  are  black  and  OFF  if  they  are  white.  The  designation  of  black 
as  ON  and  white  as  OFF  reflects  the  fact  that  most  documents  of  interest  have  a  black  foreground  and  a  white 

40  background.  The  techniques  of  the  present  invention  could  be  applied  to  negative  images  as  well.  The  dis- 
cussion  will  be  in  terms  of  black  on  white,  but  the  references  to  ON  or  OFF  apply  equally  well  to  images  which 
have  been  inverted  and,  therefore,  the  roles  of  these  two  states  are  reversed.  In  some  cases  the  discussion 
makes  reference  to  a  "don't  care"  pixel  which  may  be  either  an  ON  or  an  OFF  pixel.  The  invention  is  equally 
applicable  to  gray  scale  images,  but  the  dicussion  is  limited  to  binary  images  for  purposes  of  simplicity  in  pres- 

45  entation.  In  the  context  of  gray  scale  images,  ON  refers  to  pixels  above  a  threshold  and  OFF  refers  to  pixels 
below  a  threshold. 

A  "morphological  operation"  refers  to  an  operation  on  a  pixelmap  image  (a  "source"  image),  that  uses  a 
local  rule  at  each  pixel  to  create  another  pixelmap  image,  the  "destination"  image.  This  rule  depends  both  on 
the  type  of  the  desired  operation  to  perform  as  well  as  on  the  chosen  "structuring  element." 

so  A  "solid  region"  of  an  image  refers  to  a  region  extending  many  pixels  in  one  or  two  dimensions  within  which 
substantially  all  the  pixels  are  ON. 

A  "textured  region"  of  an  image  refers  to  a  region  that  contains  a  relatively  fine-grained  pattern  of  ON  and 
OFF  pixels.  Examples  of  textured  regions  are  halftone  or  stippled  regions. 

AND,  OR,  and  XOR  are  logical  operations  carried  out  between  two  images  on  a  pixel-by-pixel  basis. 
55  NOT  is  a  logical  operation  carried  out  on  a  single  image  on  a  pixel-by-pixel  basis. 

"Expansion"  is  a  scale  operation  characterized  by  a  SCALE  factor  N,  wherein  each  pixel  in  a  source  image 
becomes  an  NxN  square  of  pixels,  all  having  the  same  value  as  the  original  pixel. 

"Reduction"  is  a  scale  operation  characterized  by  a  SCALE  factor  N  and  a  threshold  LEVEL  M.  Reduction 
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with  SCALE  =  N  entails  dividing  the  source  image  into  NxN  squares  of  pixels,  mapping  each  such  square  in 
the  source  image  to  a  single  pixel  on  the  destination  image.  The  value  for  the  pixel  in  the  destination  image  is 
determined  by  the  threshold  LEVEL  M,  which  is  a  number  between  1  and  N2.  If  the  number  of  ON  pixels  in  the 
pixel  square  is  greater  or  equal  to  M,  the  destination  pixel  is  ON,  otherwise  it  is  OFF. 

5  "Subsampling"  is  an  operation  wherein  the  source  image  is  subdivided  into  smaller  (typically  square)  ele- 
ments,  and  each  element  in  the  source  image  is  mapped  to  a  smaller  element  in  the  destination  image.  The 
pixel  values  for  each  destination  image  element  are  defined  by  a  selected  subset  of  the  pixels  in  the  source 
image  element.  Typically,  subsampling  entails  mapping  to  single  pixels,  with  the  destination  pixel  value  being 
the  same  as  a  selected  pixel  from  the  source  image  element.  The  selection  may  be  predetermined  (e.g.,  upper 

w  left  pixel)  or  random. 
A  "4-connected  region"  is  a  set  of  ON  pixels  wherein  a  path  can  be  found  between  any  2  pixels  in  the  set 

(1)  that  lies  entirely  within  the  set  and  (2)  whose  steps  consist  of  a  sequence  of  1-pixel  steps  in  any  of  the  four 
horizontal  or  vertical  directions. 

An  "8-connected  region"  is  a  set  of  ON  pixels  wherein  a  path  can  be  found  between  any  2  pixels  in  the  set 
15  (1)  that  lies  entirely  within  the  set  and  (2)  whose  steps  consist  of  a  sequence  of  1-pixel  steps  in  any  of  the  eight 

horizontal,  vertical,  or  diagonal  directions. 
"Handwritten  annotations"  refers  to  portions  of  a  document  or  image  which  are  generated  originally  by 

human  writing  with  a  pen,  pencil,  or  the  like,  although  this  term  will  also  refer  to  machine  reproduced  versions 
of  such  writing  including  xeroxographic  copies,  printed  reproductions,  or  the  like.  A  resulting  image  contains 

20  substantially  only  handwritten  annotations  when  portions  of  machine  printed  text  such  as  70%,  80%,  90%,  95%, 
97%,  99%,  or  more  of  machine  printed  text  has  been  removed  from  an  original  image  while  leaving  a  greater 
portion  of  handwritten  annotations. 

"Machine  printed  text"  refers  to  printed  portions  of  a  document  or  image  containing  highly  regular  characters 
and  spacing,  frequently  generated  by,  for  example,  a  printer  such  as  a  computer  printer  or  printing  press,  or 

25  the  like.  An  image  contains  substantially  only  machine  printed  text  when  portions  of  handwritten  annotations 
such  as  70%,  80%,  90%,  95%,  97%,  99%,  or  more  of  handwritten  annotations  has  been  removed  from  an  origi- 
nal  image  while  leaving  a  greater  portion  of  machine  printed  text. 

A  "line-adjacency  graph"  (LAG)  is  a  data  structure  representing  a  binary  image  which  has  a  tree  form  with 
generally  three  levels  in  the  hierarchy.  The  three  levels  are  (i)  runs  of  adjacent  ON  pixels  in  a  scanline,  (ii) 

30  strokes  composed  of  connected  runs,  and  (iii)  the  isolated  marks  (e.g.,  letters)  composed  of  connected  strokes. 
A  "structuring  element"  (SE)  refers  to  an  image  object  of  typically  (but  not  necessarily)  small  size  and  simple 

shape  that  probes  the  source  image  and  extracts  various  types  of  information  from  it  via  the  chosen  morphologi- 
cal  operation.  In  the  attached  figures  that  show  SEs,  a  solid  circle  is  a  "hit,"  and  an  open  circle  is  a  "miss."  The 
center  position  is  denoted  by  a  cross.  Squares  that  have  neither  solid  nor  open  circles  are  "don't  cares";  their 

35  value  in  the  image  (ON  or  OFF)  is  not  probed.  A  binary  SE  is  used  to  probe  binary  images  in  a  binary  mor- 
phological  operation  that  operates  on  binary  input  images  and  creates  an  output  binary  image.  A  binary  SE 
can  also  be  used  to  probe  grayscale  images,  in  which  case  it  is  viewed  as  a  moving  window  that  is  shifted  to 
all  places  of  the  source  image.  The  SE  is  defined  by  a  center  location  and  a  number  of  pixel  locations,  each 
normally  having  a  defined  value  (ON  or  OFF).  The  pixels  defining  the  SE  do  not  have  to  be  adjacent  each  other. 

40  The  center  location  need  not  be  at  the  geometrical  center  of  the  pattern;  indeed  it  need  not  even  be  inside  the 
pattern.  A  "solid  "  SE  refers  to  an  SE  having  a  periphery  within  which  all  pixels  are  ON.  For  example,  a  solid 
2x2  SE  is  a  2x2  square  of  ON  pixels.  A  solid  SE  need  not  be  rectangular.  A  horizontal  SE  is  generally  one  row 
of  ON  pixels  and  a  vertical  SE  is  generaly  one  column  of  ON  pixels  of  selected  size. 

A  "hit-miss"  SE  refers  to  an  SE  that  specifies  at  least  one  ON  pixel  and  at  least  one  OFF  pixel. 
45  "Erosion"  is  a  morphological  operation  wherein  a  given  pixel  in  the  destination  image  is  turned  ON  if  and 

only  if  the  result  of  superimposing  the  SE  center  on  the  corresponding  pixel  location  in  the  source  image  results 
in  a  match  between  all  ON  and  OFF  pixels  in  the  SE  and  the  underlying  pixels  in  the  source  image.  An  erosion 
will  give  one  pixel  in  the  destination  image  for  every  match.  That  is,  at  each  pixel,  it  outputs  1  if  the  SE  (shifted 
and  centered  at  that  pixel)  is  totally  contained  inside  the  original  image  foreground,  and  outputs  0  otherwise. 

so  "Dilation"  is  a  morphological  operation  wherein  a  given  pixel  in  the  source  image  being  ON  causes  the  SE 
to  be  written  into  the  destination  image  with  the  SE  center  at  the  corresponding  location  in  the  destination  image. 
The  SEs  used  for  dilation  typically  have  no  OFF  pixels.  The  dilation  draws  the  SE  as  a  set  of  pixels  in  the  des- 
tination  image  for  each  pixel  in  the  source  image.  Thus,  the  output  image  is  the  union  of  all  shifted  versions  of 
the  SE  translated  at  all  1  -pixels  of  the  original  image. 

55  "Opening"  is  a  morphological  operation  that  is  equivalent  to  an  erosion  followed  by  a  dilation.  The  result 
is  to  replicate  the  SE  in  the  destination  image  for  each  match  in  the  source  image.  The  erosion  replicates  the 
SE  in  the  destination  image  for  each  match. 

"Closing"  is  a  morphological  operation  equivalent  to  a  dilation  followed  by  an  erosion.  A  close  of  an  image 
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is  also  equivalent  to  the  bit  inverse  of  an  open  on  the  (bit  inverse)  background. 
"Fill8"  refers  to  an  image  operation  in  which  8-connected  regions  are  filled  to  rectangular  bounding  boxes. 
"Fillclip"  is  a  morphological  operation  in  which  seed  pixels  are  filled  to  a  clipping  image  (also  called  "clipping 

mask"). 
5  A  "mask"  refers  to  an  image,  normally  derived  from  an  original  image,  that  typically  contains  regions  of  ON 

pixels  corresponding  to  regions  of  interest  in  the  original  image.  It  will  be  understood  that  in  the  case  of  a  clipping 
mask,  certain  regions  of  ON  pixels  will  not  contain  seed  pixels. 

The  various  operations  defined  above  are  sometimes  referred  to  in  noun,  adjective,  and  verb  forms.  For 
example,  references  to  dilation  (noun  form)  may  be  in  terms  of  dilating  the  image  or  the  image  being  dilated 

w  (verb  forms)  or  the  image  being  subjected  to  a  dilation  operation  (adjective  form).  No  difference  in  meaning  is 
intended. 

B.  OVERALL  DESCRIPTION  OF  EMBODIMENTS  OF  THE  INVENTION 

15  Fig.  1A  is  a  block  diagram  of  an  image  analysis  system  1  within  which  the  present  invention  may  be 
embodied.  The  basic  operation  of  system  1  00  is  to  extract  or  eliminate  or  simply  identify  the  presence  or  abs- 
ence  of  certain  characteristic  portions  of  a  document  1  02,  in  this  case  handwritten  or  machine  printed  text.  To 
this  end,  the  system  includes  a  scanner  103  which  digitizes  the  document  on  a  pixel  basis,  and  provides  a  resul- 
tant  data  structure.  Depending  on  the  application,  the  scanner  may  provide  a  binary  image  (a  single  bit  per 

20  pixel)  or  a  gray  scale  image  (a  plurality  of  bits  per  pixel).  This  data  structure  contains  the  raw  content  of  the 
document,  to  the  precision  of  the  resolution  of  the  scanner.  This  data  structure,  typically  referred  to  as  an  image, 
may  be  sent  to  a  memory  104  or  stored  as  a  file  in  a  file  storage  unit  105,  which  may  be  a  disk  or  other  mass 
storage  device. 

A  processor  1  06  controls  the  data  flow  and  performs  the  image  processing.  Processor  1  06  may  be  a  general 
25  purpose  computer,  a  special  purpose  computer  optimized  for  image  processing  operations,  or  a  combination 

of  a  general  purpose  computer  and  auxiliary  special  purpose  hardware.  If  a  file  storage  unit  is  used,  the  image 
is  transferred  to  memory  104  prior  to  processing.  Memory  104  may  also  be  used  to  store  intermediate  data 
structures  and  possibly  a  final  processed  data  structure. 

The  result  of  the  image  processing,  of  which  the  present  invention  forms  a  part,  can  be  a  derived  image, 
30  numerical  data  (such  as  coordinates  of  salient  features  of  the  image)  or  a  combination.  This  information  may 

be  communicated  to  application  specific  hardware  108,  which  may  be  a  printer,  display,  optical  character  rec- 
ognition  system,  graphics  recognizer,  electroreprographic  copier,  or  the  like,  or  may  be  written  back  to  the  same 
or  a  different  file  storage  unit  1  05. 

The  embodiment  utilizes  specialized  reduction  procedures  and  morphological  operations  to  transform  reg- 
35  ions  according  to  their  texture  in  such  a  way  as  to  identify  and/or  remove  handwritten  or  machine  printed  por- 

tions  of  an  image.  In  preferred  embodiments  the  machine  printed  regions  are  identified  and,  ultimately, 
coalesced  into  a  separation  mask  of  solid  or  nearly  solid  ON  pixels.  Thus,  handwritten  portions  of  an  image 
can  either  be  removed,  while  retaining  machine  printed  text  or,  conversely,  machine  printed  text  can  be 
removed,  while  retaining  the  handwritten  annotations.  Of  course,  in  some  embodiments  it  will  be  desirable  to 

40  simply  identify  the  presence  or  absence  of  machine  printed  text  or  handwritten  annotations. 
In  preferred  embodiments  large  solid  ON  regions  of  an  image  (i.e.,  regions  having  run  lengths  of  ON  pixels 

over  a  substantially  greater  distance  than  the  text  or  graphics  in  the  image)  and  finely  textured  regions  (such 
as  half  tones  or  stipples)  are  first  removed  from  the  image.  A  variety  of  methods  are  available  for  removal  of 
such  regions.  The  remaining  image  contains  primarily  or  exclusively  handwritten  and/or  machine  printed  text. 

45  Of  course  such  removal  step  is  optional,  particularly  when  images  to  be  processed  are  not  expected  to  contain 
solid  black,  stippled,  or  finely  textured  regions. 

Figs.  1B  and  1Care  overall  flow  diagrams  illustrating  two  particular  embodiments  of  the  invention  as  it  is 
used  to  process  an  input  binary  or  gray  scale  image,  which  has  preferably  had  finely  textured  regions  removed 
according  to  the  above  methods.  Referring  to  Fig.  1B,  in  preferred  embodiments  the  process  begins  with  one 

so  or  more  optional  reduction  steps  1  .  The  invention  is  illustrated  herein  primarily  by  way  of  reduced  scale  oper- 
ations  since  reduced  scale  operations  operate  in  an  efficient  manner  and  more  readily  segregate  handwritten 
and  machine  printed  text.  Of  course,  the  invention  need  not  be  operated  at  reduced  scale  but  could  instead  be 
conducted  entirely  at  full  scale.  In  some  embodiments,  separate  reductions  are  performed  to  create  a  fillclip 
mask  and  a  text  seed  so  that  different  thresholds  may  be  utilized. 

55  In  step  3  a  reduced  noise  text  seed  is  formed  having  a  relatively  sparse  density  of  pixels  substantially  only 
in,  for  example,  the  machine  printed  areas.  The  text  seed,  in  a  preferred  embodiment,  is  formed  by  morphologi- 
cally  processing  the  image  to  identify  regions  with  the  characteristic  features  of  handwritten  annotations  or 
machine  printed  text.  According  to  a  preferred  embodiment,  the  system  identifies  regions  in  which  OFF  pixels 
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are  laterally  bounded  on  two  sides  by  OFF  pixels. 
In  step  5,  the  system  fillclips  the  text  seed  to  a  fillclip  mask  formed  in  step  7  from  the  original  image.  The 

fillclip  mask  is  an  image  containing  substantially  solid  regions  of  ON  pixels  covering  both  the  handwritten  anno- 
tations  and  machine  printed  text.  The  result  of  the  fillclip  operation  in  step  5  is  a  desired  text  mask  which  the 

5  system  uses  to  extract  the  desired  machine  printed  or  handwritten  annotations  in  step  9  by,  for  example,  AND- 
ing  a  version  of  the  mask  which  has  been  expanded  (as  in  step  8)  with  the  original  image  or  by  ANDing  the 
reduced  version  of  the  mask  with  the  reduced  original  image. 

Fig.lC  illustrates  an  alternative  embodiment  of  the  invention.  The  image  is  reduced,  as  in  the  first  embo- 
diment,  instep  1  and  in  step  2  the  original  image  is  processed  with  an  appropriate  structuring  element  to  remove 

w  a  large  portion  of  the  pixels  in  portions  of  the  image  which  are  not  in  either  machine  printed  or  handwritten  for- 
mat,  and/or  consolidate  portions  of  the  image  which  are  in  machine  printed  or  handwritten  format.  Like  the  first 
embodiment,  the  system  identifies  machine  printed  text  or  handwritten  annotations  by  selecting  regions  where 
a  characteristic  feature  is  present  in  a  quantity  greater  than  the  background  "noise"  level.  According  to  specific 
embodiments  of  the  invention,  the  system  identifies  machine  printed  text  regions  with  a  structuring  element 

15  which  selectively  identifies  regions  in  which  ON  pixels  are  laterally  bounded  on  two  sides  by  OFF  pixels. 
In  step  4  the  output  from  step  2  is  processed  to  consolidate  the  remaining  ON  pixels  in  desired  regions 

and  eliminate  ON  pixels  in  remaining  regions  so  as  to  form  a  mask.  The  mask  will  consist  primarily  of  areas  of 
ON  pixels  in  regions  of  the  desired  format  of  machine  printed  text  or  handwritten  annotations.  The  mask  is  then 
expanded  back  to  the  original  scale  in  step  8  and,  in  optional  step  6,  the  mask  is  used  to  extract  only  those 

20  portions  of  the  original  image  which  contain  the  desired  machine  printed  text  or  handwritten  annotations.  This 
step  may  use,  for  example,  an  AND  operation  between  the  original  image  and  the  mask.  The  output  of  step  6 
is  portions  of  an  image  which  are  in  machine  printed  or  handwritten  format. 

The  invention  uses  morphological  image  processing  of  a  region  of  an  image  containing  multiple  characters. 
In  most  preferred  embodiments,  the  method  is  used  to  process  most  or  all  of  the  pixels  in  an  image  (where  the 

25  image  may  of  course  comprise  only  a  portion  of  the  image  of  an  entire  document).  Therefore,  rapid  and  reliable 
processing  of  entire  document  images  (or  substantial  portions  thereof)  may  be  attained. 

C.  Details  of  the  Invention 

30  The  present  invention  utilizes  differences  in  shape  and/or  texture  of  machine  printed  text  and  handwritten 
annotations  to  identify  such  machine  printed  text  and/or  handwritten  annotations.  By  "shape"  it  is  intended  to 
mean  herein  the  outlining  shape  of  characters,  words,  and/or  groups  of  words  in  handwritten  or  machine  printed 
format.  By  "texture"  it  is  intended  to  mean  the  patterns  of  ON  and  OFF  pixels  within  regions  of  the  machine 
printed  text  or  handwritten  annotations. 

35  Several  techniques  are  available  for  segregating  such  text.  For  example,  the  "density"  of  lines  of  ON  pixels 
in  various  orientations  may  be  utilized  to  initially  screen  the  text  for  handwritten  annotations  or  machine  printed 
text,  handwritten  annotations  containing  substantially  greater  concentrations  of  lines  at  various  skewed  angles 
from  vertical.  Alternatively,  the  system  may  utilize  the  "size"  of  connected  components  within  the  image  to  pro- 
vide  an  initial  screening  of  the  text,  machine  printed  text  having  substantially  smaller  connected  components. 

40  While  the  above  examples  give  reasonable  results,  preferred  embodiments  of  the  invention  utilize  textural 
differences.  Particularly,  when  the  system  reduces  an  image  containing  machine  printed  text  and  handwritten 
annotations  to,  for  example,  a  resolution  of  38  pixels/inch,  the  two  types  of  writing  are  texturally  quite  different. 
Preferred  embodiments  of  the  invention  utilize  a  morphological  texture  sieving  operation  to  extract  and  amplify 
these  differences. 

45 
1.  First  Exemplary  Embodiment 

As  shown  in  Fig.  1  B,  preferred  embodiments  of  the  invention  form  a  text  seed  and  a  clipping  mask  system, 
and  then  fill  the  text  seed  up  to  the  boundaries  of  the  clipping  mask. 

so  Fig.  2  illustrates  the  formation  of  a  fillclip  mask,  as  shown  in  step  7.  The  original  image  is  reduced  two  times 
at  steps  202  and  204,  using,  for  example,  threshold  LEVEL  =  1.  Therefore,  an  input  image  of  150  pixels/inch 
is  now  at  a  scale  of  about  38  pixels/inch.  The  system  then  CLOSES  the  image  at  step  206  using  a  large  hori- 
zontal  SE  (e.g.,  1  0h)  and  then  OPENs  the  image  at  step  208  using  a  large  horizontal  SE(e.g.,  15h).  The  CLOSE 
joins  separate  words  and  the  OPEN  removes  any  small  vertical  "filaments"  such  that  later  filling  of  the  seed 

55  into  the  mask  does  not  result  in  any  leakage  from  the  machine  printed  text  regions  into  handwritten  annotation 
regions. 

Fig.  3  illustrates  the  process  of  constructing  a  text  seed  and  eliminating  noise  as  shown  in  step  3.  In  step 
302  the  original  image  is  optionally  reduced  using  a  threshold  LEVEL  =  2.  The  image  is  then  again  optionally 
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reduced  at  step  304  using  LEVEL=2.  Therefore,  an  input  image  of  1  50  pixels/inch  is  now  at  about  38  pixels/inch. 
At  step  306  the  reduced  image  is  then  CLOSEd  using  a  2h  SE.  At  step  308  the  input  to  and  the  output 

from  the  CLOSE  are  XOR'd  at  step  308,  the  output  being  an  image  with  relatively  few  pixels  in  handwritten 
annotation  areas  and  a  relatively  large  number  of  pixels  in  machine  printed  text  areas,  since  the  image  has 

5  been  processed  to  identify  only  those  areas  in  which  there  are  horizontal  gaps  with  a  width  of  one  pixel.  It  will 
be  recognized  that  other  SEs  will  be  used  in  particular  embodiments,  particularly  in  non-reduced  images  in 
which  the  gaps  would  be  larger  than  one  pixel. 

In  regions  where  ON  pixels  are  still  contained  in  handwritten  annotation  areas,  the  regions  will  tend  to  be 
only  one  pixel  high  (at  this  particular  resolution  of  38/inch)  and  accordingly  at  step  31  0  is  CLOSEd  with  a  small 

w  vertical  SE  (e.g.,  2v)  and  then  OPENed  at  step  312  with  a  slightly  larger  vertical  SE  (e.g.,  3v). 
The  resulting  image  will  generally  contain  only  a  few  horizontally  isolated  pixels  in  handwritten  annotation 

regions  at  this  stage  and  these  are  now  substantially  removed.  This  is  done  by  performing  a  horizontal 
CLOSE/OPEN.  For  example,  at  step  314  the  image  is  now  CLOSEd  with  an  SE  of,  for  example,  10h  followed 
by  an  OPEN  316  with  an  SE  of,  for  example,  3h.  The  resulting  image  will  contain  groupings  of  ON  pixels  in 

15  machine  printed  text  regions  with  relatively  few  or  no  ON  pixels  in  handwritten  annotation  regions. 
Fig.  4  illustrates  the  fillclip  operation  5  in  greater  detail.  In  step  402  the  seed  image  is  stored.  The  system 

then  DILATEs  the  image  at  step  404  using,  for  example,  a  3x3  SE.  The  result  of  step  404  is  then  AND'd  at  step 
406  with  the  mask  image  resulting  from  step  208.  The  result  of  the  AND  is  compared  to  the  copied  image  at 
step  408  using,  for  example,  a  XOR  and,  if  the  image  has  not  changed  from  the  previous  iteration,  the  filled 

20  seed  is  output  as  the  text  mask.  If  the  image  is  still  changing  from  a  previous  iteration,  the  process  is  repeated 
copying  the  last  iteration  and  using  the  last  iteration  in  the  DILATION  step  404.  After  the  image  stops  changing, 
the  output  will  be  a  mask  which  can  be  processed  to  remove  the  desired  text,  optionally  with  an  EXPAND  step 
518  to  return  to  the  original  scale.  Perferably,  the  EXPAND  is  preceded  by  a  DILATE  409  which  ensures  that 
the  mask  covers  desired  pixels  in  the  original  image. 

25  The  operations  used  herein  satisfy  two  properties  that  make  it  easy  for  us  to  visualize  their  geometrical 
behavior.  First,  EROSION,  DILATION,  OPEN,  and  CLOSE  are  "increasing"  operations,  which  means  that  if 
image  1  is  contained  in  image  2,  then  any  of  these  morphological  operations  on  image  1  will  also  be  contained 
in  the  morphological  operation  on  image  2.  Second,  CLOSE  is  extensive  and  OPEN  is  antiextensive.  This 
means  that  the  original  image  is  contained  in  the  image  transformed  by  CLOSE  and  the  image  transformed  by 

30  OPEN  is  contained  in  the  original  image.  The  DILATION  and  EROSION  operations  are  also  extensive  and  anti- 
extensive,  respectively,  if  the  center  of  the  SE  is  contained  within  the  original  image. 

The  OPEN  and  CLOSE  operations  used  herein  also  satisfy  additional  desirable  properties.  For  example, 
the  result  of  the  operation  is  independent  of  the  position  of  the  center  of  the  SE.  Further,  the  operation  is  idem- 
potent,  which  means  that  re-applying  the  OPEN  or  CLOSE  to  the  resulting  image  will  not  change  it. 

35 
2.  Second  Exemplary  Embodiment 

Figs.  5A  to  5D  illustrate  in  greater  detail  one  embodiment  of  the  operations  shown  in  Fig.  1C.  In  particular, 
Fig.  5A  illustrates  a  preferred  embodiment  of  the  optional  reduction  step  1  in  greater  detail.  The  particular  input 

40  image  herein  is  at  a  resolution  of  150  pixels/inch.  An  image  at  higher  resolution  requires  proportionately  more 
reduction,  whereas  an  image  at  lower  resolution  requires  less  reduction  or,  alternatively,  the  use  of  approp- 
riately  scaled  structuring  elements.  At  step  502  the  system  performs  a  first  thresholded  reduction.  According 
to  most  preferred  embodiments  the  first  thresholded  reduction  is  performed  with  a  scale  of  2x  and  a  threshold 
level  of  2.  Thereafter,  the  system  preferably  performs  a  second  reduction  504  with  a  scale  of  2x  and  a  threshold 

45  of  2  and,  in  some  embodiments,  a  third  reduction  506,  also  with  a  scale  of  2x  and  a  threshold  level  of  2. 
Fig.  5B  illustrates  step  2  in  greater  detail  in  which  the  desired  text  portions,  in  this  case  the  machine  printed 

text,  are  selectively  projected  and  the  undesired  portions  are  substantially  eliminated.  At  step  508  the  system 
CLOSEs  the  reduced  image  using  the  exemplary  SE  shown  in  the  right  hand  portion  of  the  figure.  The  SE  in 
this  particular  example  is  a  horizontal  SE  of  length  2  (the  center  of  the  SE  is  shown  with  the  cross  hair  pixel). 

so  When  the  image  is  CLOSEd  using  this  SE  (like  the  first  embodiment),  all  OFF  pixels  that  have  at  least  one  ON 
pixel  laterally  adjacent  both  to  the  left  and  right  are  turned  ON.  Then,  a  XOR  with  the  original  image  leaves  just 
those  pixels  that  were  turned  ON  by  the  CLOSE  operation.  Thereafter,  at  step  510,  the  output  from  step  508 
is  XOR'd  with  the  input  to  step  508  resulting  in  substantially  larger  and  denser  regions  of  ON  pixels  in  areas 
of  machine  printed  text  than  handwritten  annotations. 

55  Alternatively,  a  hit-miss  operation  on  the  original  image  with  a  hit-miss  SE  will  extract  the  same  set  of  pixels 
and  can  substitute  for  the  two  steps  508  and  510.  The  hit-miss  operation,  using  this  SE,  yields  an  image  with 
ON  pixels  only  in  positions  where  an  OFF  pixel  is  surrounded  laterally  by  ON  pixels,  as  graphically  illustrated 
by  the  SE  itself.  Of  course,  other  morphological  operations  may  be  used  in  which  the  system  identifies  regions 

7 



EP  0  490  687  A2 

where  OFF  pixels  are  bounded  on  each  side  by  ON  pixels.  For  example,  a  hit-miss  SE,  shown  in  Fig.  5A,  with 
an  OFF  pixel  in  the  center  and  laterally  adjacent  ON  pixels  would  perform  the  same  function. 

Fig.  5C  illustrates  a  process  of  consolidating  the  desired  features  and  forming  the  mask  as  shown  in  step 
4  in  greater  detail.  These  steps  take  advantage  of  the  fact  that  the  image  output  from  step  51  0  will  be  horizontally 

5  sparse  and  vertically,  in  most  cases,  only  about  1  pixel  high  in  handwritten  regions.  Therefore,  at  step  512  the 
output  from  step  510  is  CLOSEd  with  the  SE  shown  in  the  figure,  i.e.,  a  vertical  SE  having  a  height  of  2.  There- 
after,  at  step  514  the  image  is  OPENed  with  a  vertical  SE,  preferably  with  a  height  greater  than  that  of  the  pre- 
ceding  CLOSE,  such  as  a  3v  SE.  The  CLOSE  of  step  512  takes  advantage  of  the  fact  that  there  will  tend  to 
be  many  pixels  in  the  machine  printed  text  part  of  the  image  that  are  vertically  aligned,  some  of  which  are  sepa- 

w  rated  by  a  single  pixel  gap.  Such  pixels  are,  therefore,  joined  together  before  performing  the  OPEN,  which  does 
not  remove  the  joined  set. 

Thereafter,  in  step  516,  the  system  performs  an  operation  which  makes  long  horizontal  lines  of  ON  pixels 
in  the  machine  printed  portions  of  the  text.  In  the  particular  embodiment  shown  in  Fig.  5C  the  operation  is  a 
CLOSE  with  a  20h  (20  horizontal  ON  pixels)  SE.  Thereafter,  at  step  518,  the  few  remaining  ON  pixels  in  maps 

15  of  the  handwritten  portions  are  removed  using  an  OPEN  with  a  3h  SE. 
Fig.  5D  illustrates  the  remaining  steps  needed  for  formation  of  a  mask.  At  step  520  the  system  again 

optionally  reduces  the  image  (2x)  using  a  threshold  of,  for  example,  1.  Using  a  150  pixel/inch  input  image,  the 
image  will  now  be  at  a  scale  of  about  19  pixels/inch.  Thereafter,  at  step  522  the  image  is  OPENed  with  a  large 
solid  horizontal  SE  (of  length  50  in  this  example),  followed  by  a  DILATION  at  step  524  with  a  solid  horizontal 

20  SE  of  length  30. 
Next,  at  step  526  the  image  is  CLOSEd  with  a  vertical  SE  of  height  6.  To  fill  the  mask  further,  a  horizontal 

DILATION  with  a  SE  of  length  10  is  performed  at  step  528,  followed  by  a  vertical  DILATION  with  a  SE  of  height 
3  at  step  530.  The  system  then  magnifies  the  mask  8  times,  to  the  original  resolution  of  150/inch  using  an 
EXPAND  at  step  532. 

25  Fig.  6A  illustrates  one  embodiment  of  step  6  in  which  the  system  extracts  the  desired  text  (in  this  case  the 
machine  printed  text)  from  the  image.  At  step  602  the  mask  is  AND'd  with  the  original  bitmap  image.  The  output 
will  be  substantially  or  entirely  machine  printed  text. 

Fig.  6B  illustrates  a  technique  for  extracting  handwritten  annotations.  According  to  this  process  the  machine 
printed  text  image  from  the  output  of  step  602  is  XOR'd  at  step  604  with  the  original  bitmap  image.  The  output 

30  of  this  operation  will  be  substantially  or  entirely  handwritten  annotations. 

E.  Fast  Thresholded  Reduction  (and  Expansion)  of  Images 

One  requirement  of  efficient  segmentation,  is  that  thresholded  reduction  must  be  done  quickly. 
35 

F.  Discussion  of  the  Software 

Table  1  (©  Copyright  1991,  Xerox  Corporation)  provides  a  program  script  for  implementation  of  the  first 
embodiment  of  the  invention  provided  herein,  and  Table  2  (©  Copyright  1991,  Xerox  Corporation)  provides  a 

40  program  script  for  implementation  of  the  second  embodiment  of  the  invention  herein.  The  program  scripts  are 
executed  sequentially  by  an  interpreter,  that  invokes  procedures  written  in  the  "C"  language  to  carry  out  image 
transformations.  Table  3  illustrates  the  actions  taken  in  a  C  computer  program  based  on  the  script  calls. 
Routines  for  specific  operations  used  herein  such  as  CLOSE,  OPEN,  and  the  like  are  provided. 

The  programs  have  been  demonstrated  on  Sun  workstations,  although  it  will  be  apparent  to  those  of  skill 
45  in  the  art  that  a  wide  variety  of  programming  languages  and  hardware  configurations  could  readily  be  used 

based  on  this  disclosure  without  departing  from  the  scope  of  the  invention.  Further,  while  the  invention  is  illus- 
trated  herein  primarily  with  regard  to  implementations  in  a  programmed  digital  computer,  other  implementations 
will  be  immediately  apparent.  For  example,  the  invention  could  be  implemented  in  other  digital  processing  sys- 
tems  such  as  one  formed  from  discrete  hardware  components,  or  a  combination  of  hardware  and  software  com- 

50  ponents. 

55 
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Table  1 

Program  for  Separation  of  H a n d w r i t t e n  

Annota t ion   and  Machine  Printed  Text 

(First  E m b o d i m e n t )  

*  Extraction  at  38/in. 
*  (a)  Find  horizontal  gaps  of  width  1. 
*  (b)  Make  a  seed  within  machine  printed  regions .  
*  (c)  Make  a  clipping  mask  over  the  entire  image .  
*  (d)  Fill  the  seed  into  the  clipping  mask  to  form  a 

segmenta t ion   mask. 
*  (e)  Extract  the  regions  of  the  original  image  using  t h e  

segmenta t ion   mask. 

moveToScale  (1) 

*  input  image  at  resolution  of  150/inch.  Reduce  to  38/in 
*  using  threshold  value  of  2. 

reduceSelect   (1  ,  0,  0,  0,  0,  0,  0,  2) 
reduceSelect   (1  ,  0,  0,  0,  0#  0,  0,  2) 

*  find  horizontal  gaps  of  width  exactly  equal  to  1 
pause  ("  find  small  horizontal  gaps" )  
close  (pr1,  prO,  strel2h) 
xor2  (pr1,  prO) 
copy  (pwO,  pr1) 

*  note  that  for  CLSOING  with  strel2h,  the  pixel  density  is  very  low 
in 

*  the  handwri t ten   areas.  Also,  the  components   in  h a n d w r i t t e n  
a r ea s  

*  are  typically  only  one  pixel  high.  Therefore,  a  small  vertical 
*  CLOSE/OPEN  will  remove  most  of  the  pixels  remaining  in  t h e  

h a n d w r i t t e n  
*  areas .  

pause  ("  emphasize  the  textural  d i f f e rence" )  
close  (pr3,  pr1  ,  strel2v) 
open  (pr2,  pr3,  strel3v) 
copy  (pwO,  pr2) 
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Table  1  (Cont 'd)  

Program  for  Separation  of  H a n d w r i t t e n  

Annotat ion  and  Machine  Printed  Text 

(First  Embod imen t )  

*  there  are  only  a  very  few  horizontally-isolated  pixels  r e m a i n i n g  
*  in  the  handwri t ten   areas.  To  remove  them,  while  r e t a in ing  
*  the  higher  density  of  pixels  in  the  machine  printed  a reas ,  
*  do  a  horizontal  CLOSE/OPEN.  This  solidifies  machine  p r in t ed  
*  areas  and  removes  the  handwri t ten   areas  entirely.  

pause  ("  remove  noise;  solidify  machine  printed  areas;  get  the  s e e d " )  
close  (pr1  ,  pr2,  strel  1  0h) 
open  (pr1,  pr1,  s trel3h) 
copy  (pwO,  pr1) 

*  To  make  the  clipping  mask  at  38/inch,  reduce  with  threshold  1 
*  (to  guaran tee   pixel  coverage) .  
*  Follow  this  by  a  horizontal  CLOSE  to  join  separate  words ,  
*  because  we  cannot  expect  to  have  seeds  in  each  word .  
*  Finally,  do  a  horizontal  OPEN  to  remove  any  small  vertical 

f i l aments  
*  that  may  exist  between  parts  of  the  mask  corresponding  t o  

m a c h i n e  
*  and  handwri t ten   image.  These  filaments  must  be  removed  so 

t h a t  
*  subsequent   filling  o.f  the  seed  into  the  mask  does  not  leak  f r o m  
*  parts  of  the  clipping  mask  that  cover  machine  printed  r eg ions  
*  into  parts  of  the  clipping  mask  that  cover  handwri t ten   o r  
*  handpr in ted   regions,  

pause  ("  make  the  clipping  mask")  
moveToScale  (1) 
reduceSelect  (1,0,  0 ,0,0,   0,  0,  1) 
reduceSelect  (1,0,  0 ,0,0,   0,0,  1) 
close  (pr4,  prO,  strel  1  0h) 
open  (pr4,  pr4,  strel5h) 
copy  (pwO,  pr4) 

10 
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Table  1  (Con t ' d )  

Program  for  Separa t ion   of  H a n d w r i t t e n  

A n n o t a t i o n   and  Machine  Printed  Tex t  

(First  E m b o d i m e n t )  

Fill  the  seed  into  the  clipping  mask,  to  p roduce   t h e  
s e g m e n t a t i o n  

*  mask.  Follow  this  by  a  small  DILATION  to  ensure  that   t h e  
*  s e g m e n t a t i o n   mask  entirely  covers  the  co r r e spond ing   pixels  in 
*  the  original  i m a g e ,  

pause  ("  fill  seed  into  m a s k " )  
fillClip  (pr5,  pr1,  pr4) 
dilate  (pr3,  p r 5 , s t r e l 5 )  
copy  (pwO,  pr3) 

*  expand  the  mask  to  full  size  and  extract  the  machine  printed  a n d  
*  h a n d w r i t t e n   parts  of  the  original  i m a g e ,  

pause  ("  expand  to  full  size  and  ex t r ac t " )  
expandSelec t (0 ,   0,  0,  1  ,  0,  0,  0,  1  ) 
and  (pr1,  prO,  pr3) 
copy  (pwO,  pr1)  
xor  (pr2,  pr1,  prO) 
copy  (pwO,  pr2)  
xor2  (pr3,  prO) 
copy  (pwO,  pr3) 

*  reduce  2x  to  s h o w  
pause  ("  reduce  2x  to  s h o w " )  
reduceSelect(   1  ,  1  ,  1  ,  1  ,  0,  0,  0,  2) 
copy  (pwO,  pr1)  
copy  (pwO,  pr2) 
copy  (pwO,  pr3) 

(©  Copyr ight   1991,  Xerox  C o r p o r a t i o n )  
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Table  2 

roqram  For  Separa t ion   of  H a n d w r i t t e n  

Anno ta t i on   and  Machine  Printed  Tex t  

(Second  E m b o d i m e n t )  

*  Extraction  at  38/inch,  looking  tor  hor izontal   gaps  o t w i a t n   i. 

*  Then  solidify  for  mask  of  machine  printed  part  at  19/ inch.  
n o v e T o S c a l e ( l )  

*  reduct ion  to  38/in 
educeSe lec t (1 ,0 ,0 ,0 ,0 ,0 ,2 )  
educeSelec t (1 ,   0 ,0,0,0,0,2)  

*  find  width  =  1  hor izontal   g a p s  
jause  ("find  small  hor izontal   g a p s " )  
:lose  (pr2,  p r 1 , s t r e l 2 h )  
(or2  (pr2,  pr1) 
:opy  (pw2,  pr2) 

*  note  that   for  closing  with  strel2h,  the  texture   is  very  weak  in 
*  the  h a n d w r i t t e n   areas.  In  particular,   it  is  typically  only  o n e  
*  pixel  high,  so  use  a  vertical  c l o s e / o p e n  

Dause  ( " emphas i ze   the  textural  d i f f e r e n c e " )  
:lose  (pr4,  pr2,  s trel2v) 
apen  (pr3,  pr4,  s trel3v) 
:opy  (pw3,  pr3)  

*  now  do  a  larger  horizontal   c lose/open  to  solidify 
*  machine  printed  areas  and  remove  h a n d w r i t t e n   a r e a s  

en t i re ly .  
pause  ("  solidify  machine  printed  a r e a s " )  
close  ( p r 5 , p r 3 , s t r e l 2 0 h )  
open  (pr4,  pr5,  s t re l3h)  
copy  (pw4,  pr4)  

12 
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Table  2  (Cont 'd )  

Program  For  Separat ion  of  H a n d w r i t t e n  

Annota t ion   and  Machine  Printed  Text  

(Second  E m b o d i m e n t )  

*  solidify  further:  the  large  dilate  is  necessary  because  of  t h e  
loss  o f  

*  pixels  near  the  LH  boundary   o n t t h e   erosion  step  of  t h e  
previous  close! 
pause  ("  reduce  and  further  solidify") 
reduceSelect(0,   0,  1,  0,  0,  1) 
close  (pr6,  pr4,  s t re l50h)  
dilate  (pr5,  pr6,  s t re l30h)  
copy  (pw5,  pr5) 
close  (pr6,  pr5,  strel6v) 
copy  (pw6,  pr6) 
dilate  (pr2,  pr6,  strel  1  0h) 
dilate  (pr3,  pr2,  strel3v) 
copy  (pw3,  pr3) 

*  expand  to  full  size 
pause("  expand  to  full  size") 
expandSelect (0 ,   0,  1  ,  0,  0,  0,  1  ) 
copy(pw3,  pr3) 

*  p ro j ec t  
pause("  clip  original  to  mask")  
and(pr2,   pr1,  pr3) 
copy(pw2,  pr2) 

*  reduce  to  s h o w  
pause  ("  reduce  2x  to  s h o w " )  
reduceSelectO  ,  1  ,  1  ,  0,  0,  0,  2) 
xor  (pr4,  pr1,  pr3) 
copy  (pw4,  pr4) 
subtract   (pr5,  pr1,  pr3) 
copy  (pw5,  pr5) 

(©  Copyright   1991,  Xerox  C o r p o r a t i o n )  
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G.  Examples  of  the  Invention 

1.  First  Exemplary  Embodiment 

5  Figs.  7Ato  7K  illustrate  operation  of  the  first  embodiment  of  the  invention.  Fig.  7A  is  an  original  image  con- 
taining  machine  printed  text  regions  as  well  as  a  variety  of  handwriting.  The  handwriting  is  in  generally  small 
characters,  which  might  be  expected  to  make  the  handwritten  material  appear  more  similar  to  the  machine 
characters.  The  image  also  contains  handwriting  in  five  different  styles.  At  the  top,  the  handwriting  is  in  a  "fast" 
print,  which  is  a  mixture  of  printing  and  writing.  In  the  second  sample  from  the  top,  purely  script  handwriting  is 

w  included.  In  the  third  region  of  handwriting  from  the  top,  the  handwriting  is  printed  in  a  small  blank  space,  near 
machine  printed  text.  In  the  fourth  region  of  handwriting  from  the  top  letters  are  printed  first  with  messy  block 
capitals,  and  then  with  fairly  neat  block  capitals.  In  the  last  sample  of  handwriting  (at  the  bottom),  the  handwriting 
is  printed  more  neatly,  with  reasonably  separate  characters. 

The  resolution  of  the  image  used  for  demonstration  was  1  50  pixels/inch.  This  can  be  created  by  scanning 
15  at  150  pixels/inch,  or  by  scanning  at  300  pixels/inch  and  reducing  by  a  factor  of  2.  The  particular  image  shown 

in  Fig.  7A  uses  the  latter,  using  thresholded  reduction  with  a  threshold  of  2. 
Fig.  7B  shows  the  original  image  after  the  reduction  steps  302  and  304  in  seed  formation.  As  shown,  the 

handwritten  annotations  tend  to  contain  a  lower  concentration  of  ON  pixels  laterally  bounded  on  both  sides  by 
OFF  pixels.  Fig.  7C  shows  the  image  after  the  CLOSE/XOR  steps  306  and  308.  The  image  now  contains  a 

20  relatively  small  number  of  ON  pixels  in  regions  of  handwritten  annotations. 
Fig.  7D  shows  the  image  after  the  CLOSE/OPEN  steps  310  and  312  which  are  used  to  remove  most  of 

the  remaining  pixels  in  the  handwritten  annotation  areas  by  removing  groups  of  pixels  which  are  not  higher  than 
about  1  pixel.  The  image  now  contains  very  few  pixels  in  handwritten  annotation  areas. 

Fig.  7E  shows  the  image  after  the  next  set  of  steps  312  and  314.  This  CLOSE/OPEN  tends  to  remove  any 
25  remaining  pixels  in  the  handwritten  annotation  regions  and  solidify  groups  of  ON  pixels,  resulting  in  an  image 

which  is  used  as  a  seed. 
Fig.  7F  illustrates  the  image  after  formation  of  the  clipping  mask  with  steps  202  to  208.  As  shown  the  image 

contains  large  regions  of  ON  pixels  covering  both  the  handwritten  annotations  and  the  machine  printed  text. 
Fig.  7G  illustrates  the  segmentation  mask  (before  the  DILATE  409),  which  is  formed  by  fillclipping  the  seed 

30  to  the  fillclip  mask.  As  shown,  the  segmentation  mask  includes  primarily  ON  pixels  covering  the  desired  machine 
printed  areas.  As  shown  in  Fig.  7H,  a  subsequent  DILATE  results  in  substantially  complete  coverage  of  these 
regions. 

Fig.  71  illustrates  the  image  after  extraction  of  the  machine  printed  text  as  shown  in  Fig.  6A.  As  shown,  no 
handwritten  annotations  remain.  Fig.  7J  shows  the  handwritten  annotation  image  formed  as  shown  in  Fig.  68. 

35  As  shown  therein,  the  process  was  almost  completely  effective  in  extracting  only  handwritten  annotations.  The 
"  1  ."  and  "2.  Background"  were  probably  insufficiently  dense  in  seed  material  (due  to  their  relatively  large  size) 
for  effective  separations.  Fig.  7K  illustrates  the  image  with  the  identified  machine  printed  text  outlined  with  the 
segmentation  mask. 

40  2.  Second  Exemplary  Embodiment 

Fig.  8A  shows  the  same  original  image  reduced  twice  as  shown  in  steps  502  to  506.  For  each  reduction, 
a  thresholded  reduction  with  a  threshold  of  2  was  utilized.  The  handwritten  and  handprinted  annotations  have 
a  noticeably  different  texture  from  the  machine  printed  text  at  this  resolution.  This  difference  is  exploited.  In 

45  particular,  the  machine  printed  text  has  larger  density  OFF  pixels  that  are  surrounded  on  the  left  and  the  right 
by  ON  pixels  than  the  handwritten  annotations. 

To  extract  pixels  based  on  this  difference,  the  image  is  CLOSEd  by  a  horizontal  SE  of  length  2  and  then 
the  result  is  XOR'd  with  the  original  reduced  image.  The  resulting  image  is  shown  in  Fig.  8B.  Inspection  of  Fig. 
8B  shows  that,  in  fact,  the  pixels  are  quite  dense  in  the  machine  printed  part  and  very  sparse  in  the  handwritten 

so  part.  Note  in  particular  that  the  pixels  in  Fig.  8B  within  the  handwritten  part  are  horizontally  sparse  and  vertically 
are  typically  only  one  pixel  high. 

Most  of  the  remaining  handwriting  pixels  are  removed  to  produce  the  image  in  Fig.  8Cby  doing  the  following 
two  operations: 

1  .  CLOSing  with  a  vertical  SE  of  height  2;  and 
55  2.  OPENing  with  a  vertical  SE  of  height  3. 

The  reason  the  first  CLOSE  is  performed  is  that  there  are  many  pixels  in  the  machine  printed  part  that  are 
vertically  aligned  but  separated  by  a  single  pixel  gap.  It  is  important  to  join  such  pixels  together  before  doing 
the  OPEN. 

15 
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Fig.  8C  looks  like  punch  marks  in  an  IBM  card.  What  is  significant  about  this  figure  is  that  there  are  very 
few  pixels  in  the  handwritten  regions.  Further,  the  pixels  in  the  machine  printed  text  regions  are  sufficiently 
dense  that  a  covering  mask  may  be  constructed. 

Fig.  8D  illustrates  the  image  after  the  next  series  of  steps.  It  was  produced  by  doing  a  large  horizontal 
5  CLOSE  (using  a  SE  of  length  20),  followed  by  a  small  horizontal  OPEN  (using  a  SE  of  length  3).  The  CLOSE 

makes  the  long  horizontal  lines  within  the  machine  printed  regions,  and  the  OPEN  removes  the  final  few  pixels 
that  lie  within  the  handwritten  regions. 

The  image  is  now  reduced  once  more,  this  time  using  a  threshold  of  1,  to  a  resolution  of  19  pixels/inch. 
This  is  followed  by  morphological  operations  with  very  large  SEs.  Large  SEs  are  used  because  it  is  necessary 

w  to  produce,  starting  with  the  pixels  in  Fig.  7D,  a  mask  that  covers  all  the  machine  printed  text.  This  is  accom- 
plished  by  OPENing  with  a  large  horizontal  SE  (of  length  50),  followed  by  a  DILATION  by  a  horizontal  SE  of 
length  30.  The  result  is  shown  in  Fig.  8E,  where  the  pixels  are  rendered  in  a  "bigpixel"  representation  at  about 
19  pixels/inch,  and  represent  a  sampling  density  of  19  pixels/inch  on  the  original. 

This  image  must  now  be  CLOSEd  up  vertically,  which  is  done  by  closing  with  a  vertical  SE  of  height  6.  To 
15  fill  the  mask  further,  a  horizontal  DILATION  with  a  SE  of  length  10  is  done  next,  followed  by  a  vertical  DILATION 

with  a  SE  of  height  3.  This  results  in  the  mask  shown  in  Fig.  8F.  Again,  the  pixels  shown  here  correspond  to  a 
sampling  density  of  19  pixels/inch  in  the  original,  and  they  are  reproduced  at  roughly  the  same  density,  so  that 
the  result  appears  approximately  at  the  size  of  the  original.  Note  that  a  few  lines  of  pixels  have  been  cut  off  at 
the  bottom  of  Figs.  8E  and  8F. 

20  The  mask  in  Fig.  8F  is  then  magnified  8  times,  to  the  original  resolution  of  150  pixels/inch.  Fig.  8G  shows 
the  result  when  this  mask  is  AND'd  with  the  original,  extracting  most  of  the  machine  printed  text  from  the  original, 
along  with  a  little  of  the  handwritten  annotations.  The  handwritten  annotations,  shown  in  Fig.  8H,  is  produced 
by  taking  a  XOR  of  Fig.  8G  with  Fig.  1.  Fig.  8F  shows  a  superposition  of  the  original  image  with  the  EXPANDed 
mask  for  purposes  of  further  illustration  of  the  efficacy  of  the  invention. 

25 
H.  Conclusion 

It  has  been  shown  how  to  separate  handwritten  annotations  from  machine  printed  text.  The  separation  pro- 
ceeds  in  two  phases:  1)  a  characteristic  difference  in  textural  properties  between  the  two  types  of  writing  is 

30  used  to  create  an  image  that  has  ON  pixels  only  in  regions  where  there  was  machine  printed  text;  and  2)  this 
image  is  then  processed  to  create  a  solid  mask  over  those  regions. 

Morphological  operations  and  thresholded  reductions  have  been  used  herein  in  preferred  embodiments. 
Moreover,  all  or  substantial  portions  of  an  image  are  processed  substantially  simultaneously  in  preferred  embo- 
diments.  The  morphological  operations  used  herein  have  several  special  properties  that  simplify  their  use  in 

35  the  design  of  appropriate  image  processing  techniques.  First,  they  are  substantially  translationally  invariant.  A 
sideways  shift  of  the  image  before  transforming  does  not  change  the  result,  except  to  shift  the  result  as  well. 
Operations  that  are  translationally  invariant  can  be  implemented  with  a  high  degree  of  parallelism,  in  that  each 
point  in  the  image  is  treated  using  the  same  rule. 

It  is  to  be  understood  that  the  above  description  is  intended  to  be  illustrative  and  not  restrictive.  Many  vari- 
40  ations  of  the  invention  will  become  apparent  to  those  of  skill  in  the  art  upon  review  of  this  disclosure.  For 

example,  while  particular  morphological  operations,  SEs,  and  scales  have  been  illustrated,  other  sequences, 
and  other  sizes  and  shapes  of  structuring  elements  will  also  give  reasonably  good  results.  The  above  methods 
are  illustrative  of  the  variations  which  could  be  implemented  by  those  of  skill  in  the  art.  The  scope  of  the  invention 
should,  therefore,  be  determined  not  with  reference  to  the  above  description,  but  instead  should  be  determined 

45  with  reference  to  the  appended  claims  along  with  their  full  scope  of  equivalents. 

Claims 

so  1.  A  method  of  identifying  handwritten  annotation  areas  of  an  input  image  having  handwritten  annotation 
areas  and  machine  printed  text  areas,  characterised  by  morphologically  processing  a  region  of  said  input 
image  having  a  plurality  of  handwritten  and  machine  printed  characters  to  produce  a  destination  image, 
said  destination  image  identifying  substantially  only  said  machine  printed  text  areas  or  handwritten  anno- 
tation  areas. 

55 
2.  A  method  as  claimed  in  claim  1,  characterised  in  that  said  step  of  processing  further  comprises  the  step 

of  identifying  regions  of  machine  printed  text  or  handwritten  annotations  with  a  structuring  element  (SE) 
which  selectively  identifies  said  machine  printed  text  or  handwritten  annotations  to  produce  a  first  inter- 

16 
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10 

mediate  image. 

3.  A  method  as  claimed  in  claim  1  or  claim  2,  characterised  in  that  said  step  of  morphologically  processing 
said  image  comprises  the  step  of  identifying  first  regions  of  said  input  image  having  a  higher  density  of 

5  OFF  pixels  laterally  bounded  by  ON  pixels  than  second  regions. 

4.  A  method  as  claimed  in  any  one  of  claims  1  to  3,  further  characterised  by  the  step  of  forming  an  output 
image  based  on  said  identification  of  handwritten  annotation  or  machine  printed  text,  said  output  image 
comprising  substantially  only  machine  printed  text  or  handwritten  annotations. 

10 
5.  A  method  as  claimed  in  any  one  of  claims  1  to  4,  characterised  in  that  said  destination  image  is  a  mask 

overlaying  substantially  only  said  machine  printed  text  areas  or  handwritten  annotation  areas. 

6.  A  method  as  claimed  in  claim  5,  characterised  in  that  said  mask  is  formed  by  the  steps  of: 
15  a)  extracting  seed  pixels  in  substantially  only  said  handwritten  annotation  or  machine  printed  text  areas; 

and 
b)  filling  said  seed  pixels  to  a  clipping  mask,  said  clipping  mask  comprising  substantially  solid  regions 
of  ON  pixels  over  said  handwritten  annotation  areas  and  said  machine  printed  text  areas. 

20  7.  A  method  as  claimed  in  claim  5  or  claim  6,  characterised  by  forming  a  first  output  handwritten  annotation 
image  or  a  machine  printed  text  image  by  anding  said  mask  with  said  input  image. 

8.  A  method  as  claimed  in  any  one  of  claims  1  to  7,  characterised  by  preceding  by  the  step  of  reducing  said 
input  image  using  a  thresholded  reduction. 

25 
9.  A  method  as  claimed  in  claim  8  characterised  in  that  said  step  of  reducing  comprises  the  steps  of  reducing 

said  input  image  with  at  least  two  thresholded  reductions,  each  with  a  reduction  factor  of  at  least  2  and  a 
threshold  level  of  at  least  2. 

30  10.  A  method  as  claimed  in  claim  2,  characterised  in  that  the  step  of  identifying  regions  further  comprises  the 
steps  of: 

(a)  closing  said  first  intermediate  image  with  an  SE  having  two  horizontally  adjacent  ON  pixels  to  pro- 
duce  a  second  intermediate  image;  and 
(b)  xoring  said  input  image  with  said  second  intermediate  image. 

35 
11.  A  method  as  claimed  in  claim  2,  characterised  by  (a)  closing  said  first  intermediate  image  with  a  SE  having 

at  least  two  vertically  adjacent  ON  pixels;  (b)  opening  said  first  intermediate  image  with  a  SE  having  at 
least  two  vertically  adjacent  ON  pixels. 

40  12.  A  method  as  claimed  in  claim  2,  characterised  by  forming  a  mask  from  said  first  intermediate  image  by 
closing  and  opening  said  image  with  SEs  having  a  plurality  of  laterally  adjacent  ON  pixels  to  produce  a 
second  intermediate  image. 

13.  A  method  as  claimed  in  claim  12,  (a)  performing  a  thresholded  reduction  of  said  second  intermediate 
45  image;  (b)  opening  the  output  of  step  (a)  with  a  horizontal  SE;  (c)  dilating  the  output  of  step  (b)  with  a  hori- 

zontal  SE;  (d)  closing  the  output  of  step  (c)  with  a  vertical  SE;  (e)  dilating  the  output  of  step  (d)  with  a  hori- 
zontal  SE;  and  (f)  dilating  the  output  of  step  (e)  with  a  vertical  SE. 

50 
14.  A  digital  computer  programmed  to  perform  the  methods  as  claimed  in  any  one  of  claims  1  to  13. 

15.  An  optical  character  reader  programmed  to  remove  handwritten  annotations  in  an  image  before  character 
recognition  by  the  method  as  claimed  in  any  one  of  claims  1  to  13. 

55 
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1  P u r p o s e   w  ^   j d ^ "   ,kv-  clj-r*-**. 

Addendum  to  information  relating  to  IP/890524  (D/89197).  Thia  is  intended 
to  help  clarify  mom  of  the  procedures  for  finding  the  centers  of  the  data  marks 
and  for  finding  the  corners.  I've  included  a  background  section  lifted  from 
the  upcoming  issue  of  MorphBits  (Volume  5). 

2  B a c k g r o u n d   
^   J ~ *   - ^ i W   -  

J -   ~   ^  

—  «j*T 
One  clear  benefit  of  digital  data  on  paper  a  that  it  augments  the  raster 
information  in  a  scanned  image,  and  thus  aids  an  image  interpretation  system 
in  the  extraction  of  symbolic  information. 

Encoding  digital  data  on  paper  has  some  similarities  to  encoding  data  oa 
other  media:  i»  c X ^ J k ^ c   A - +   f k i   4 v t f   7 

•  The  data  is  typically  stored  in  a  two-dimensional  configuration. 

•  In  order  to  read  the  data,  one  must  both  accurately  synchronize  the 
data  with  a  reference  "clock*  and  have  sufficient  signal  to  determine 
the  data  v a l u e s . .   ^  ,  ,  , 

But  there  are  also  many  differences:  . .  

•  Data  on  optical  media  can  only  be  encoded  using  either  (a)  the  sig- 
nal  value  at  a  specific  position  or  (b)  the  change  in  signal  value  (e.g.. 
presence  or  absence  of  a  signal  transition)  at  a  specific  position.  But 

ys«~  t»v»'r-  _1>J<,  <~m~1  l * 4 d   s.a«~f»Hl**X- 
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M o r m a t i o n   o n   r e a d i n g   d i g i t a l   d a t a  

Dan  B l o o m b e r g  

Sept.  6,  19S9 

P u r p o s e  

Addendum  to  information  relating  to  IP/890524  (D/89197).  This  is  intended 
to  help  clarify  some  of  the  procedures  for  finding  the  centers  of  the  data  marks 
and  for  finding  the  corners.  I've  included  a  background  section  lifted  from 
the  upcoming  issue  of  MorphB,ts   (Volume  5). 

□ne  clear  benefit  of  digital  daU  on  paper  is  that  it  augments  the  raster 
information  in  a  scanned  image,  and  thus  aids  an  image  interpretation  system 
in  the  extraction  of  symbolic  information. 

Encoding  digital  data  on  paper  has  some  similarities  to  encoding  data  on 
Dther  media: 

•  The  data  is  typically  stored  in  a  two-dimensional  configuration. 

•  In  order  to  read  the  data,  one  must  both  accurately  synchronize  the 
data  with  a  reference  "dock"  and  have  sufficient  signal  to  determine 
the  data  values. 

But  there  are  also  many  differences: 

•  Data  on  optical  media  can  only  be  encoded  using  either  (a)  the  sig- 
nal  value  at  a  specific  position  or  (b)  the  change  in  signal  value  (e.g., 
presence  or  absence  of  a  signal  transition)  at  a  specific  position.  But 
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