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(54)  Lossy  and  lossless  compression  in  raster  image  processor  

(57)  Digital  input  commands  defined  in  a  page 
description  language  are  separated  in  two  types  of 
instructions  :  first  instructions  resulting  in  solid  regions 
on  the  printed  output  and  second  instructions  resulting 
in  halftoned  regions.  The  first  instructions  generate  a 
binary  bitmap  indicating  a  high  or  low  density  of  the  solid 
regions  and  a  binary  bitmask  indicating  whether  recorder 
elements  belong  to  a  solid  or  screened  region.  The  bit- 
map  and  bitmask  are  preferentially  compressed  by  a 
lossless  compression  method.  The  second  type  of 
instructions  generate  a  contone  map,  representing 

images  having  contone  levels  and  graphics  having  inter- 
mediate  levels.  The  contone  map  is  preferentially  com- 
pressed  by  a  lossy  compression  method,  stored  on  a 
storage  medium  and  retrieved  once  the  output  device 
must  render  the  rasterized  image.  The  rasterized  image 
is  constructed  on  the  fly  from  the  compressed  bitmap, 
bitmask  and  contone  map,  which  is  halftoned  before 
combination  with  the  bitmap.  A  serious  amount  of  mem- 
ory  can  be  saved,  while  keeping  up  with  the  speed  of  the 
rendering  process  in  the  output  devise  and  without  dete- 
riorating  the  quality  of  the  reproduction. 
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Description 

Field  of  the  invention. 

The  present  invention  relates  to  devices  and  meth-  5 
ods  for  converting  streams  of  page  description  language 
into  binary  or  multilevel  bitmaps,  for  use  in  conjunction 
with  real  time  printing  devices  for  the  reproduction  of  con- 
tinuous  tone  colour  or  grey  images,  together  with  text  and 
graphics.  The  method  makes  especially  use  of  compres-  u 
sion  techniques. 

Background  of  the  invention. 

Electronic  reproduction  on  output  devices  of  contin-  n 
uous  tone  images,  together  with  graphical  information 
such  as  line  art  and  characters,  usually  involves  a  step 
for  the  generation  of  a  bitmap.  If  the  output  device  is  a 
binary  system,  capable  to  deposit  at  every  addressable 
location  a  fixed  amount  of  ink  or  nothing,  a  binary  bitmap  2t 
must  be  generated.  Such  binary  bitmap  can  be  seen  as 
a  rectangular  array  of  elements,  wherein  each  element 
corresponds  to  one  addressable  location  or  recorder  ele- 
ment.  Each  element  in  the  bitmap  must  be  able  to  rep- 
resent  that  ink  must  be  deposit  or  not,  and  can  therefore  21 
be  represented  by  one  bit,  having  e.g.  a  value  0  for  ink, 
and  1  for  no  ink.  If  the  resolution  of  the  output  device  is 
400  dpi  (dots  per  inch)  or  about  16  dots  per  mm,  and  the 
maximal  paper  size  is  an  A3  form,  measuring  420  mm 
by  297  mm,  such  as  for  the  AGFA  XC305  and  AGFA  3t 
XC31  5  system,  marketed  by  Agfa-Gevaert  N.V.  in  Mort- 
sel,  Belgium,  a  bitmap  covering  such  a  form  requires 
about  29  megabits  of  memory,  or  over  3.6  megabyte. 
Several  output  devices,  such  as  the  XC305  and  XC315 
systems,  have  multilevel  or  contone  capabilities.  This  3i 
means  that  every  recorder  element  can  be  rendered  with 
intermediate  density  levels,  between  no  ink  deposit  and 
full  ink  deposit.  As  such,  the  above  mentioned  systems 
accept  eight  bits  per  recorder  element,  such  that  a  bit- 
map  covers  29  megabytes  of  memory.  Moreover,  these  4t 
output  devices  are  capable  to  print  with  different  coloured 
inks,  and  can  print  four  inks  (cyan,  magenta,  yellow  and 
black)  on  top  of  each  other  on  the  same  page,  to  repro- 
duce  a  continuous  colour  image.  The  four  corresponding 
bitmaps  require  nearly  1  20  megabytes  of  memory.  Most  « 
of  these  output  devices  require  that  the  data  are  deliv- 
ered  in  real  time  to  the  printing  engine.  This  means  that 
the  bitmaps  must  be  pre-computed  and  stored  in  120 
megabytes  of  memory,  or  that  the  four  bitmaps  must  be 
generated  in  real  time,  keeping  up  with  the  speed  of  the  st 
printing  process  of  the  output  device.  The  first  solution 
requires  a  huge  amount  of  expensive  memory.  The  sec- 
ond  solution  is  not  feasible  for  complex  page  layouts.  For 
most  output  devices  it  is  also  not  appropriate  to  stop  the 
printing  process  between  the  printing  of  two  colour  com-  st 
ponents  on  top  of  each  other.  This  is  due  to  the  fact  that 
the  paper  on  which  the  ink  must  be  deposit  is  usually 
pre-conditioned  to  regulate  its  temperature  and  humidity. 
If  the  printing  process  is  stopped  for  some  tens  of  sec- 

onds,  e.g.  to  compute  the  bitmap  for  the  next  colour  com- 
ponent,  the  paper  can  take  up  additional  humidity  and 
swell,  causing  mis-registration  of  the  next  colour  compo- 
nent  with  respect  to  the  previous  colour  component.  To 
avoid  these  problems,  the  cost  of  the  mechanics  of  the 
printer  would  increase.  Even  if  that  problem  were  solved, 
a  considerable  amount  of  memory  is  necessary  to  store 
one  full  bitmap.  As  in  photographic  recorders,  the  bitmap 
could  be  computed  in  bands  and  every  band  could  be 
printed  once  it  is  ready.  But  this  causes  tremendous 
problems  for  output  devices  working  on  the  basis  of  an 
electrographic  process.  For  such  a  process,  the  opera- 
tional  parameters  for  e.g.  the  toner  brush  are  optimised 
such,  that  the  system  works  best  for  a  specific  speed  of 
the  acceptor  material,  i.e.  the  photosensitive  drum  and 
the  paper.  This  means  that  for  most  electrographic  sys- 
tems  the  bitmaps  must  be  "ready  to  print"  before  the 
printing  starts,  or  must  be  in  such  format  that  the  bitmaps 
can  be  generated  "on  thef  ly",  i.e.  in  real  time  with  respect 
to  the  printing  engine.  A  considerable  amount  of  memory 
to  store  the  bitmaps  is  thus  necessary. 

One  system  that  reduces  the  size  of  the  required 
memory  with  a  factor  of  two,  is  disclosed  in  the  European 
patent  application  93202522.4  with  priority  date  on 
August  27th  1  993  and  titled  :  "High  quality  multilevel  half- 
toning  for  colour  images  with  reduced  memory  require- 
ments".  By  transforming  the  contone  levels  to  bitmap 
elements  represented  by  4  bits,  the  memory  require- 
ments  can  be  reduced  by  a  factor  of  two,  without  notice- 
able  quality  loss. 

Another  solution  is  incorporated  in  the  Agfa  Multistar 
400  and  600  system.  This  system  multiplexes  different 
RIP  (Raster  Image  Processor)  outputs  for  one  single 
recorder,  for  imaging  the  rasterized  images  on  a  photo- 
graphic  medium.  The  bitmaps  for  each  colour  compo- 
nent  from  the  different  RIP's  are  acquired,  compressed 
by  a  lossless  compression  and  temporarily  stored  on 
disk,  along  with  a  job  list.  The  compression  must  be  loss- 
less,  such  that  the  bitmap  information  can  be  recon- 
structed  exactly  as  it  was  generated,  otherwise  clearly 
visible  artifacts  would  become  apparent.  By  decompres- 
sion  of  the  data  on  disk,  each  bitmap  is  generated  in 
bands,  and  each  band  is  sent  to  the  recorder.  The  draw- 
back  of  a  lossless  compression  is  that  the  compression 
ratio  ranges  between  a  factor  1  and  8,  but  cannot  be  pre- 
dicted  accurately.  If  for  example  very  complex  halftone 
dot  distributions  are  created  by  a  high  quality  screening 
process,  such  as  the  Agfa  Cristal  Raster  (Cristal  Raster 
is  a  trade  mark  of  Agfa-Gevaert  N.V.  in  Mortsel,  Bel- 
gium),  it  is  even  possible  that  the  compressed  bitmap  is 
larger  than  the  original  bitmap.  Moreover,  the  Agfa  Multi- 
star  400  and  600  cannot  deliver  the  rasterized  image 
data  in  real  time  to  the  recorder,  which  poses  no  problem 
for  the  photographic  recorders,  but  is  unacceptable  for 
e.g.  electrographic  printers. 
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Objects  of  the  invention. 

It  is  therefore  a  first  object  of  the  invention  to  provide 
a  method  that  requires  a  substantial  lower  memory  size, 
while  keeping  up  with  real  time  conditions  of  the  printing  5 
device. 

It  is  a  further  object  of  the  invention  to  provide  a 
method  that  doesn't  deteriorate  the  quality  of  the  repro- 
duced  images  and  graphics. 

Other  objects  will  become  apparent  from  the  u 
description  hereinafter. 

Summary  of  the  invention 

In  accordance  with  the  present  invention,  a  method  n 
is  disclosed  for  generating  regions  of  a  rasterized  image, 
described  by  digital  input  commands  including  : 

first  instructions  to  fill  a  first  said  region  with  a  solid 
pattern,  and  2t 
second  instructions  to  fill  a  second  said  region  with 
a  halftone  screen  pattern 

said  method  comprising  the  following  steps  : 

converting  said  first  instructions  to  a  first  internal 
representation  by  a  first  conversion  ; 
converting  said  second  instructions  to  a  second 
internal  representation  by  a  second  conversion  ; 
storing  said  first  and  second  internal  representa-  3t 
tions  ; 
retrieving  said  first  and  second  stored  internal  rep- 
resentations  ; 
combining  said  first  and  second  retrieved  internal 
representations  for  generating  said  regions.  3i 

A  rasterized  image  can  be  a  binary  representation 
of  the  image  to  be  printed  on  a  binary  output  device,  or 
any  representation  suitable  for  driving  a  multilevel  output 
device,  for  which  at  every  addressable  location  or  4t 
recorder  element,  different  grey  shades  can  be  ren- 
dered.  In  a  rasterized  image,  every  recorder  element  can 
be  represented  by  one  bit  for  a  binary  device,  by  two,  four 
or  eight  bits  for  a  multilevel  device,  or  by  any  other 
amount  of  bits,  normally  limited  by  sixteen  bits.  For  colour  4i 
images,  preferentially  three  or  four  rasterized  images  are 
generated,  which  are  printed  separately  on  different 
sheets  or  on  top  of  each  other,  each  in  a  different  colour, 
such  as  cyan,  magenta,  yellow  and  black  for  the  fourth 
component.  Printing  with  more  colour  components  is  st 
also  supported  by  the  method  according  to  the  current 
invention. 

The  digital  input  commands  that  describe  the  raster- 
ized  image  can  be  for  example  PostScript  commands 
(PostScript  is  a  trade  mark  of  Adobe  Systems  Inc.)  or  st 
Agfascript  commands  (AgfaScript  is  a  trade  mark  of 
Agfa-Gevaert  A.  G.  in  Leverkusen,  Germany),  or  any 
other  digital  commands  coded  in  a  PDL  (Page  Descrip- 
tion  Language),  or  commands  for  specifying  graphics, 

characters  and  images  for  output  on  a  sheet  of  paper  or 
photographic  film,  or  any  other  medium  that  can  carry 
graphical  and  image  objects. 

The  digital  commands  can  represent  graphics  such 
as  lines,  arcs,  curves,  arrows,  etc.  or  characters,  or  fig- 
ures  composed  of  those  elements  and  contone  images. 
Usually,  graphics  are  represented  on  the  reproduction  in 
full  black  or  white,  or  for  colour  outputs  also  full  cyan, 
magenta,  yellow,  red,  green  or  blue  or  any  colour  avail- 
able  by  printing  or  overprinting  full  colour  components. 
Such  graphics  can  be  identified  as  regions  on  the  repro- 
duction  that  are  defined  by  an  imaginary  closed  outline 
around  the  graphical  element,  which  is  filled  with 
recorder  elements  getting  all  the  same  highest  or  lowest 
density.  These  regions  will  be  visible  on  the  reproduction 
as  regions  filled  with  a  solid  pattern. 

It  is  also  possible  that  the  graphics  must  get  a  colour 
different  from  the  above  mentioned  colours.  In  that  case, 
said  colour  must  be  obtained  by  filling  the  imaginary 
closed  outline  by  a  screen  pattern,  such  that  the  recorder 
elements  within  this  region  get  different  densities.  In  a 
binary  output  system,  typically  some  recorder  elements 
within  the  region  will  get  a  maximum  density,  while  the 
remaining  recorder  elements  within  this  region  will  get  a 
minimum  density.  In  multilevel  output  systems,  all 
recorder  elements  could  get  the  same  intermediate  den- 
sity,  but  typically  different  densities  will  be  present  within 
the  recorder  elements  of  such  region.  The  effect  of  an 
intermediate  colour  is  thus  obtained  by  a  pattern,  usually 
called  a  halftone  screen  pattern  in  analogy  with  photo- 
mechanical  screening  techniques,  and  for  all  types  of  bi- 
level  and  multilevel  halftoning  techniques. 

If  continuous  tone  images,  in  colour  or  black  and 
white,  must  be  reproduced  by  the  output  device,  the 
intermediate  tones  are  also  obtained  by  halftone  screen 
patterns.  A  region  on  the  reproduction  covered  by  a  con- 
tinuous  tone  image,  will  thus  also  give  a  region  with  a 
halftone  screen  pattern. 

It  is  now  advantageous  to  distinguish  a  first  type  of 
instructions  that  result  in  solid  patterns  on  the  reproduc- 
tion  from  a  second  type  of  instructions  that  result  in  half- 
tone  screen  patterns,  and  treat  them  separately.  The  first 
type  of  instructions  can  be  converted  to  an  internal  rep- 
resentation.  This  representation  can  be  a  display  list, 
describing  all  graphical  objects  as  elementary  trape- 
zoids,  and  including  references  to  character  bitmaps  for 
frequently  used  characters.  This  can  be  a  very  compact 
format,  that  requires  a  minimal  amount  of  time  to  store 
the  representation  on  a  storage  medium  such  as  a  hard 
disk  and  retrieve  it  from  this  storage  medium.  Moreover, 
the  display  list  can  in  most  cases  be  converted  to  bitmap 
format  as  fast  as  is  necessary  to  keep  up  with  the  speed 
of  the  output  device. 

The  first  type  of  instructions  can  also  -  prior  to  stor- 
age  on  a  storage  medium  -  be  converted  to  a  bitmap  and 
a  bitmask  at  the  resolution  of  the  output  device.  The  bit- 
map  indicates  whether  the  recorder  element  must  get  the 
highest  or  lowest  possible  density,  while  the  bitmask  indi- 
cates  whether  a  solid  pattern  or  a  halftone  screen  pattern 
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must  be  rendered  at  the  corresponding  recorder  ele- 
ment.  The  bitmap  and  the  bitmask  can  be  stored  in  dif- 
ferent  memory  locations,  or  in  two  consecutive  bits  -  one 
for  the  bitmap  and  one  for  the  bitmask  -  for  each  recorder 
element.  The  information  stored  in  the  memory  locations  5 
are  preferentially  compressed  by  a  lossless  compression 
method,  and  stored  on  a  storage  medium,  where  the 
compressed  data  can  be  retrieved  once  all  the  digital 
input  commands  for  one  page  are  handled.  Very  efficient 
compression  techniques  exist  for  lossless  compression  w 
of  bitmaps  representing  graphical  objects.  The  com- 
pressed  data  are  then  retrieved  from  the  storage 
medium,  decompressed  to  the  identical  format  as  before 
compression.  As  such,  solid  patterns  will  appear  on  the 
rasterized  image  at  the  highest  possible  resolution  and  75 
without  any  quality  loss.  A  lossless  compression  followed 
by  the  appropriate  decompression  has  no  effect  on  the 
original  data.  The  intermediate  compressed  format  how- 
ever  requires  less  storage  space  than  the  original  data. 
The  thus  decompressed  data  are  combined  with  the  data  20 
that  will  be  converted  to  a  halftone  screen  pattern. 

The  second  type  of  instructions  on  the  other  hand 
corresponds  to  continuous  tone  image  or  intermediate 
tone  graphical  information.  A  slight  deterioration  of  the 
information  contents  is  acceptable  and  will  be  hardly  25 
noticeable,  because  of  the  three  following  considerations 

the  halftoning  process,  as  will  be  discussed  later, 
introduces  an  inevitable  modification  to  the  data  ;  30 
the  printing  process,  which  is  for  example  electro- 
graphical,  introduces  on  its  own  some  modifications 

the  human  eye  is  not  capable  to  see  small  density 
variations  over  a  small  distance  :  those  small  varia-  35 
tions  will  usually  be  integrated. 

Therefore,  this  type  of  data  can  be  represented  prefer- 
entially  in  contone  format,  e.g.  by  eight  bits  per  pixel.  This 
representation  is  called  a  contone  map.  The  contone  40 
map  is  preferentially  compressed  by  a  lossy  compres- 
sion  method.  A  lossy  compression  method  on  contone 
data  can  give  a  considerable  reduction  factor  without 
noticeable  quality  loss.  Mostly  there  is  a  trade  off 
between  reduction  factor  and  quality  loss.  It  has  been  45 
established  that  a  reduction  factor  of  eight,  results  in  an 
acceptable  quality  reduction.  It  is  also  advantageous  to 
perform  the  compression  on  the  contone  data,  rather 
than  on  halftoned  data,  because  most  lossy  compres- 
sion  methods  give  a  better  compression  ratio  for  rather  so 
continuous  data.  The  resulting  compressed  data  are 
stored  in  a  storage  medium,  and  retrieved  from  the  stor- 
age  medium  and  decompressed  after  all  digital  input 
commands  for  one  page  are  completely  handled.  The 
decompression  gives  again  a  contone  map,  which  is  an  55 
approximation  of  the  original  contone  map,  due  to  the 
lossy  compression  technique.  The  approximating  con- 
tone  map  can  then  be  halftoned  in  order  to  give  a  data 
value  for  each  recorder  element.  The  aforementioned 

bitmask  indicates  whether  the  halftoned  data  value  or  the 
bitmap  value  must  be  applied  to  the  corresponding 
recorder  element. 

Detailed  description  of  the  invention. 

The  invention  is  described  hereinafter  by  way  of  example 
with  reference  to  the  accompanying  figure  wherein  : 

Fig.  1  shows  a  specific  embodiment  for  carrying  out 
the  method  according  to  the  current  invention. 

Fig.  1  shows  a  Raster  Image  Processor  RIP  22, 
which  is  fed  by  digital  input  commands  21  .  These  digital 
input  commands  can  be  for  example  PostScript  com- 
mands  specifying  a  black  rectangle,  a  greyish  square 
and  a  rectangular  continuous  tone  image.  Such  com- 
mands  can  be  generated  by  an  interactive  drawing  pro- 
gram  running  on  a  personal  computer,  such  as  for 
example  Freelance  (Freelance  is  a  trade  mark  of  Lotus 
Development  Corporation),  or  by  electronic  pre-press 
systems.  Some  of  these  commands  can  describe 
images.  The  data  for  such  image  commands  can  be  gen- 
erated  by  a  scanning  device,  such  as  the  Horizon  Plus 
colour  scanner  (Horizon  Plus  is  a  trade  mark  of  Agfa- 
Gevaert  N.V),  marketed  by  Agfa-Gevaert  N.V.  in  Mort- 
sel,  Belgium.  The  scanning  device  scans  for  example  a 
continuous  tone  image  on  photographic  paper.  Graphi- 
cal  and  text  information  in  the  page  description  language 
commands,  are  usually  introduced  by  human  interaction 
on  the  electronic  pre-press  system.  The  page  descrip- 
tion  lange  commands  or  digital  input  commands  are  con- 
verted  to  a  rasterized  image  representation,  which 
signals  are  used  to  drive  e.g.  an  electrographic  printer 
system,  that  prints  the  representation  on  paper  with  e.g. 
black  toner.  The  raster  image  processor  22  classifies  the 
digital  input  command  for  the  black  rectangle  in  a  first  set 
23  of  instructions  for  solid  patterns,  and  classifies  the  dig- 
ital  input  commands  for  the  greyish  square  and  the  rec- 
tangular  continuous  tone  image  in  a  second  set  29  of 
instructions  for  halftone  screen  patterns.  The  first  set  of 
instructions  is  converted  to  a  display  list.  This  is  usually 
a  list  of  internal  commands,  generated  from  the  digital 
input  commands,  specifying  trapezoids,  having  two  hor- 
izontal  sides,  to  be  filled  by  a  specific  colour.  Because 
the  raster  image  processor  22  already  selected  the  dig- 
ital  input  commands  resulting  in  solid  patterns  only,  the 
specific  colour  can  be  only  dark  or  light.  For  black  ink, 
dark  corresponds  with  black,  while  light  corresponds  with 
white.  For  other  ink  colours,  dark  and  light  correspond  to 
the  colours  when  full  or  no  ink  is  applied. 

Once  the  display  list  has  been  generated,  the  sys- 
tem  can  determine  from  the  elements  in  the  display  list 
whether  a  bitmap  can  be  generated  from  it  at  a  speed 
keeping  up  with  the  speed  by  which  the  output  device 
requires  the  bitmap.  If  this  is  possible,  the  display  list  can 
preferentially  be  stored  in  its  internal  representation  for- 
mat  on  the  storage  medium  25.  Usually  the  description 
of  a  page  by  a  display  list  is  shorter  than  the  description 
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by  a  bitmap,  requiring  one  bit  per  recorder  element.  It  is 
also  advantageous  to  compress  the  display  list  informa- 
tion.  The  compression  technique  must  be  completely 
reversible  or  lossless,  which  means  that  after  decom- 
pression  exactly  the  same  data  are  retrieved  that  were  5 
compressed. 

If  the  display  list  is  too  lengthy,  or  takes  too  much 
time  to  be  generated  at  the  required  speed,  the  expan- 
sion  of  the  display  list  to  a  bitmap  is  necessary  before 
storing  on  the  storage  medium  25.  The  bitmap  must  rep-  10 
resent  the  colour,  light  or  dark,  in  which  the  object  must 
be  represented.  This  can  be  represented  by  one  bit  per 
recorder  element.  On  the  other  hand,  at  the  combination 
process  26,  we  need  also  to  know  where  the  bitmap  infor- 
mation  27  must  be  introduced  in  the  rasterized  image  33.  15 
Therefore,  along  with  a  bitmap,  a  bitmask  must  be  gen- 
erated.  This  bitmask  indicates  for  every  recorder  element 
whether  the  recorder  element  belongs  to  a  region  with  a 
solid  pattern  or  belongs  to  a  region  with  a  halftone  screen 
pattern.  Also  for  the  bitmask  one  bit  per  recorder  element  20 
is  sufficient.  The  bitmap  and  bitmask  bits  for  one  recorder 
element  can  be  combined  in  two  consecutive  bits.  It  is 
even  possible  to  combine  the  bitmap  and  bitmask  infor- 
mation  for  five  recorder  elements  in  one  byte  of  eight  bits, 
because  bitmap  and  bitmask  together  need  to  reflect  25 
only  three  states  : 

the  recorder  element  is  solid  light 
the  recorder  element  is  solid  dark 
the  recorder  element  is  halftone  screened  30 

Five  recorder  elements  require  35  =  243  states,  which 
can  be  represented  by  eight  bits,  having  256  states. 

The  bitmap  and  bitmask  separately  or  combined  are 
preferentially  compressed  by  a  lossless  compression  35 
technique,  such  as  the  group  3  CCITT  recommendation 
T.4  compression.  Alternatively,  the  group  4  CCITT  rec- 
ommendation  T.4  compression  technique  can  be  used 
to  achieve  the  compression. 

The  first  conversion  24  for  the  first  type  of  instruc-  40 
tions  can  thus  be  alternatively  done  by  generation  of  a 
display  list,  which  can  be  compressed,  or  by  the  gener- 
ation  of  a  bitmap  and  bitmask,  which  are  preferentially 
compressed.  Bitmap  and  bitmask  are  preferentially  gen- 
erated  sequentially  in  bands,  saving  storage  necessary  45 
to  store  the  full  bitmap  otherwise.  Therefore,  the  display 
list  can  be  executed  for  example  with  different  bounding 
boxes,  clipping  everything  outside  the  bounding  box. 
First  all  digital  input  commands  for  the  whole  rasterized 
image  are  converted  to  the  display  list  describing  the  so 
solid  pattern  regions.  If  this  display  list  is  too  long  to  be 
stored  in  random  access  memory,  it  can  temporarily  be 
saved  on  another  storage  medium  25,  such  as  a  hard 
disk.  After  the  display  list  is  generated,  a  rectangular  win- 
dow,  corresponding  to  a  reduced  amount  of  full  lines  in  ss 
the  rasterized  image,  is  established.  The  display  list  is 
traversed,  and  all  recorder  elements  within  the  rectangu- 
lar  window,  which  are  affected  by  the  internal  commands 
within  the  display  list,  are  handled  in  the  bitmap  and  bit- 

mask  band  corresponding  to  the  rectangular  window. 
Once  the  whole  display  list  is  traversed,  the  bitmap  and 
bitmask  band  can  be  lossless  compressed  and  stored 
on  the  storage  medium  25. 

Alternatively,  it  is  also  possible  to  inspect  per  thus 
established  rectangular  window  whether  the  affecting 
display  list  commands  are  "complex",  i.e.  whether  the 
generation  of  a  bitmap  from  these  commands  requires 
more  computation  time  than  available  due  to  the  real- 
time  printing  process.  For  rectangular  windows  having 
"complex"  display  list  commands,  preferentially  a  bitmap 
and  bitmask  are  generated  and  stored  after  compres- 
sion.  For  the  other  rectangular  windows,  it  is  advanta- 
geous  to  postpone  the  generation  of  the  bitmap  until  the 
solid  patterns  must  be  combined  with  the  halftone  screen 
patterns,  in  combination  circuit  26.  The  storage  of  the 
band  affecting  commands  in  the  display  list  usually 
requires  less  memory  than  the  storage  of  the  bitmap  and 
bitmask  band.  For  these  rectangular  windows,  the  affect- 
ing  display  list  commands  can  be  stored  in  storage 
medium  25,  possibly  after  lossless  compression. 

The  first  internal  representation,  stored  in  storage 
medium  25,  is  retrieved  once  all  the  digital  input  com- 
mands  describing  one  page  are  processed.  At  that 
moment,  thef  irst  internal  representation  is  retrieved  from 
the  storage  medium  25,  and  converted  to  a  bitmap  and 
bitmask  at  the  resolution  of  the  output  device,  i.e.  for 
every  recorder  element  addressable  by  the  output 
device,  one  bit  in  the  bitmap  is  generated  indicating 
whether  the  corresponding  recorder  element  must  be 
rendered  fully  dark  or  fully  light  ;  and  one  bit  in  the  bit- 
mask  is  generated  indicating  whether  the  corresponding 
recorder  element  must  be  rendered  as  belonging  to  a 
solid  region  or  as  belonging  to  a  halftone  screen  pattern 
region.  From  the  bitmap  and  bitmask,  together  with  the 
contone  map  which  will  be  discussed  below,  the  ele- 
ments  -  each  corresponding  to  one  recorder  element  - 
for  the  rasterized  image  are  generated.  If  the  bitmask 
indicates  that  the  corresponding  recorder  element 
belongs  to  a  halftone  screen  region,  then  the  bitmap 
information  is  discarded,  but  the  contone  map  informa- 
tion,  as  will  be  discussed  below,  is  used  to  establish  the 
value  for  the  corresponding  rasterized  image  element. 
The  bitmap  and  bitmask  are  generated  by  the  solid 
region  retrieve  unit  28.  In  the  case  that  the  full  bitmap 
and  bitmask  or  bands  of  them  were  stored  in  com- 
pressed  format  on  the  storage  medium  25,  the  solid 
region  retrieve  unit  will  perform  a  decompression,  match- 
ing  the  compression  done  in  the  first  conversion  unit  24, 
delivering  a  bitmap  and  bitmask  identical  to  the  one 
before  compression.  If  the  first  internal  representation 
comprises  display  list  commands,  these  commands  are 
converted  to  the  corresponding  bitmap  and  bitmask  in 
the  solid  region  retrieve  unit  28.  Preferentially,  the  solid 
region  retrieve  unit  generates  the  bitmap  and  bitmask  in 
bands,  which  are  passed  to  the  combination  circuit  26  to 
generate  the  rasterized  image  33.  As  soon  as  a  bitmap 
and  bitmask  band  is  passed  to  the  combination  circuit, 
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the  solid  region  retrieve  unit  retrieves  the  information 
concerning  the  next  band  from  the  storage  medium  25. 

The  second  type  of  instructions  29  from  the  digital 
input  commands  21  corresponding  to  halftone  screen 
pattern  regions  32  are  converted  to  a  second  internal  s 
representation  by  a  second  conversion  unit  34.  The  sec- 
ond  internal  representation  is  stored  in  a  storage 
medium  25,  and  retrieved  once  all  digital  input  com- 
mands  21  describing  the  full  rasterized  image  33  are 
converted  and  stored  on  the  storage  medium  25.  The  10 
retrieved  internal  representations  are  then  combined 
with  the  bitmap  and  bitmask  signals  27  in  the  combina- 
tion  circuit  26,  to  generate  the  rasterized  image  elements 
33.  The  screening  process,  necessary  for  the  represen- 
tation  of  continuous  tone  values,  is  preferentially  post-  is 
poned  until  the  moment  that  the  combination  with  the 
solid  areas  must  occur. 

Preferentially,  the  second  conversion  unit  34  gener- 
ates  a  contone  map.  A  contone  map  is  a  representation 
of  an  image  with  varying  densities  at  every  location  by  20 
more  than  two  states  per  image  location  or  pixel.  Usually 
every  pixel  in  a  contone  map  is  represented  by  a  grey 
scale  number  ranging  from  0  to  255,  being  stored  in  a 
byte  of  eight  bits.  With  every  pixel  in  the  contone  map 
corresponds  a  rectangular  area  on  the  reproduction  that  25 
must  get  a  density  that  is  close  to  the  grey  value  repre- 
sented  by  the  pixel  value.  The  orientation  of  the  rectan- 
gular  area  is  preferentially  parallel  to  the  main  orientation 
of  the  rasterized  image.  It  is  possible  however  that  the 
digital  input  commands  deliver  the  image  pixels  with  an  30 
orientation  not  parallel  to  the  rasterized  image.  There- 
fore,  the  second  transformation  unit  will  resample  the 
image  by  techniques  known  in  the  art  to  give  the  pixels 
in  the  contone  map  the  correct  orientation.  Such  tech- 
niques  include  nearest  neighbour  resampling  or  replica-  35 
tion,  linear  or  bilinear  interpolation,  cubic  spline,  bell 
spline  or  Hanning  function  convolution  etc.  The  size  of 
the  rectangular  area  represented  by  the  contone  map 
pixel  on  the  reproduction  can  also  freely  be  chosen  for 
most  resampling  techniques.  To  reduce  memory  require-  40 
ments,  it  is  advantageous  to  make  the  size  of  the  rectan- 
gular  area  not  smaller  than  the  size  of  a  recorder 
element,  i.e.  the  resolution  of  the  contone  map  is  not 
higher  than  the  resolution  of  the  recorder,  which  is  the 
resolution  required  for  the  rasterized  image  33.  As  will  45 
be  described  below,  contone  map  values  must  be 
screened  in  order  to  fit  for  the  rasterized  image.  A  screen- 
ing  method  has  a  screen  ruling,  which  can  be  derived  for 
dot  size  modulated  clustered  dot  screening  methods 
from  the  shortest  distance  between  two  halftone  dot  so 
centers.  According  to  the  Nyquist  sampling  theorem,  the 
resolution  for  the  contone  map  is  preferentially  set  two 
times  higher  than  the  screen  ruling,  in  order  to  render 
the  highest  possible  detail  from  the  original  image 
defined  by  the  digital  input  commands.  If  a  continuous  55 
tone  image  -  e.g.  on  photographic  paper  -  is  sampled  by 
e.g.  a  scanner  to  convert  it  to  digital  image  signals,  then 
the  highest  frequency  in  the  continuous  tone  image  that 
can  be  reconstructed  from  the  digital  image  signals  is  a 

half  of  the  spatial  sampling  resolution.  On  the  other  hand, 
if  the  contone  image  is  reproduced  from  the  digital  image 
signals,  using  a  periodical  screen  having  screen  ruling 
FR,  then  the  reproduction  will  render  those  spatial  fre- 
quencies,  which  are  lower  than  the  screen  ruling.  Other- 
wise,  subject  moire  will  result.  Thus  the  contone 
resolution  is  preferentially  not  higher  than  two  times  the 
screen  ruling.  If  the  resolution  for  the  contone  map  is  cho- 
sen  higher  than  two  times  the  screen  ruling,  the  resolu- 
tion  is  preferentially  not  higher  than  the  recorder  element 
resolution.  If  for  example  the  recorder  resolution  is  600 
dots  per  inch,  a  suitable  screening  technique  for  a  mul- 
tilevel  system  with  sixteen  different  levels,  has  a  screen 
ruling  of  200  lines  per  inch.  Preferentially,  the  contone 
map  is  then  generated  at  a  resolution  of  400  pixels  per 
inch. 

The  thus  obtained  contone  map  can  now  be  com- 
pressed  by  the  second  conversion  unit  34.  A  lossy  com- 
pression  technique  is  acceptable  here,  for  the  three 
reasons  discussed  before.  By  this  compression,  a  com- 
pressed  contone  map  35  is  obtained.  In  a  preferred 
embodiment,  a  JPEG  (Joint  Photographic  Experts 
Group)  lossy  compression  standard  method  defined  by 
the  CCITT  and  ISO  groups  can  be  used.  We  use  this 
method  preferentially  with  a  compression  factor  of  8.  Typ- 
ically  square  regions  consisting  of  eight  by  eight  contone 
map  pixels  are  compressed  to  a  few  numbers  obtained 
by  techniques  including  a  discrete  cosine  transforma- 
tion.  Preferentially  the  generation  of  the  contone  map  is 
done  in  bands  containing  an  integer  multiple  of  8  lines, 
such  that  the  8X8  blocks  fit  in  optimally. 

If  the  images  occupy  small  rectangular  separated 
portions  of  the  rasterized  image,  it  is  advantageous  to 
generate  for  each  image  the  required  portion  in  a  con- 
tone  map  format.  The  different  contone  maps  can  then 
be  separately  compressed  and  combined  during  the 
screening  process,  as  described  further  down.  If  the 
images  are  that  small  that  they  can  be  stored  fast  enough 
and  retrieved  and  occupy  no  more  space  than  available 
for  them  in  the  system,  they  can  be  stored  without  com- 
pression. 

The  compressed  contone  map  is  then  stored  on  the 
storage  medium  25,  and  retrieved  by  the  screened 
region  retrieve  unit  36.  The  first  operation  in  this  unit  is 
the  decompression  of  the  compressed  data  to  an 
approximating  contone  map.  Due  to  the  lossy  compres- 
sion  in  the  second  conversion  unit  34,  the  approximating 
contone  map  will  usually  be  different  from  the  original 
contone  map,  that  was  compressed  by  lossy  compres- 
sion.  The  amount  of  pixels  and  thus  also  the  resolution 
of  the  approximating  contone  map  matches  the  original 
contone  map.  This  is  also  the  case  for  the  number  grey 
levels  represented  by  each  pixel.  If  the  original  contone 
can  be  represented  by  eight  bits  per  pixels,  then  also  the 
approximating  contone  map  requires  eight  bits  per  pixel. 
To  convert  the  approximating  contone  map  to  a  raster- 
ized  image  representation,  in  most  cases  a  screening 
must  be  performed.  This  is  done  in  the  screening  unit  37. 
Suitable  screening  methods  are  described  in  US 
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4,004,079,  US  4,350,996,  US  4,419,690,  US  4,443,060, 
US  4,456,924,  US  4,485,397,  US  4,499,489,  US 
4,537,470,  US  4,700,235,  US  4,918,622,  US  4,924,301, 
US  5,111,310,  US  5,150,428,  US  5,155,599,  US 
5,258,850,  WO  90/04898,  EP  501,126,  EP  578  1  10,  DE  5 
29,31,092,  and  in  Bayer,  B.E.,  "An  Optimum  Method  for 
Two-level  Rendition  of  Continuous-tone  Pictures",  Proc. 
IEEE  International  Conference  on  Communications, 
Conference  Record,  pp.  (26-11)  to  (26-15),  1973.  The 
output  of  the  screening  process  37,  is  combined  as  w 
described  above  by  the  combination  circuit  26  to  gener- 
ate  the  rasterized  image.  Usually,  together  with  the 
screening,  a  scaling  of  the  approximating  contone  map 
to  the  device  resolution  is  necessary.  According  to  the 
above  example,  where  the  contone  map  was  generated  75 
at  a  resolution  of  400  pixels  per  inch,  and  the  recorder 
resolution  is  600  dots  per  inch,  the  screening  operation 
must  scale  each  pixel  by  a  linear  factor  of  1  .5. 

According  to  the  method  of  the  current  invention,  we 
can  compute  how  much  bits  on  average  are  required  to  20 
represent  one  recorder  element  for  a  worst  case  situa- 
tion.  We  suppose  that  a  bitmap  and  bitmask  must  be 
generated,  which  have  a  worst  case  compression  factor 
of  1  ,  and  which  require  thus  one  bit  each  per  recorder 
element.  On  the  other  hand,  a  full  contone  map  must  be  25 
generated,  at  a  resolution  of  400  pixels  per  inch,  where 
the  recorder  resolution  is  600  dots  per  inch.  This  gives 
already  a  reduction  factor  of  1  .5*1  .5=2.25.  The  JPEG 
compression  ratio  is  8,  such  that  each  pixel  in  the  con- 
tone  map,  requiring  eight  bits,  requires  one  bit  on  the  30 
average.  Thus  each  recorder  element  requires  1/2.25  = 
0.44  bits.  The  worst  case  situation  thus  requires  2.44  bits 
per  recorder  element.  In  a  multilevel  system,  requiring  4 
bits  per  recorder  element,  this  is  a  saving  with  a  factor  of 
1  .6.  35 

If  a  colour  reproduction  must  be  generated  by  the 
output  device,  one  rasterized  image  33  must  be  gener- 
ated  per  colour  component.  In  that  case,  the  above 
described  process  is  done  for  each  colour  component. 
In  one  specific  embodiment,  for  the  generation  of  a  cyan,  40 
magenta  and  yellow  rasterized  image,  a  separate  bit- 
map,  bitmask  and  contone  map  are  generated  for  cyan, 
magenta  and  yellow.  The  bitmap  and  bitmask  for  each 
colour  component  are  lossless  compressed,  stored, 
retrieved,  decompressed  and  combined  with  the  45 
screened  approximating  contone  map  for  each  colour 
component  separately.  The  contone  map  for  each  colour 
component  is  lossy  compressed,  stored,  retrieved, 
decompressed  and  screened.  The  screened  data  are 
combined  with  the  bitmap  according  to  the  information  so 
in  the  bitmask  of  the  corresponding  colour  component. 

Different  steps  of  the  above  sketched  method  can 
be  performed  in  parallel  on  a  multi  processor  circuit.  A 
suitable  system  is  the  Texas  Instruments  MVP  (Multime- 
dia  Video  Processor)  TMS  320C80.  One  processor  can  55 
decompress  the  bitmap,  another  one  the  bitmask, 
another  one  the  contone  map,  another  can  perform  the 
screening  operation  and  a  last  one  can  do  the  combina- 
tion  of  the  bitmap  with  the  screened  approximating  con- 
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tone  map  based  on  the  information  in  the  bitmask.  No 
specific  hardware  for  performing  compression  or  decom- 
pression  is  required. 

The  method  can  alternatively  be  realised  by  a  device 
comprising  CCITT  and  JPEG  compression  and  decom- 
pression  hardware  components,  along  with  glue  logic 
and  a  general  purpose  processor  such  as  a  power  PC 
performing  the  translation  of  the  digital  input  commands 
and  another  general  purpose  processor  performing  the 
screening  operation. 

A  third  way  to  realise  the  method  according  to  the 
current  invention  comprises  the  use  of  Arcobel's  graph- 
ics  processor  "Imagine",  for  which  the  graphical  acceler- 
ators  or  pipe-line  processors  are  freely  configurable  to 
implement  the  methods  described  above. 

Although  the  present  invention  has  been  described 
with  reference  to  preferred  embodiments,  those  skilled 
in  the  art  will  recognise  that  changes  may  be  made  in 
form  and  detail  without  departing  from  the  spirit  and 
scope  of  the  invention. 

Claims 

1.  A  method  for  generating  regions  of  a  rasterized 
image,  described  by  digital  input  commands  includ- 
ing  : 

first  instructions  to  fill  a  first  said  region  with  a 
solid  pattern,  and 
second  instructions  to  fill  a  second  said  region 
with  a  halftone  screen  pattern  ; 

said  method  comprising  the  following  steps  : 

converting  said  first  instructions  to  a  first  internal 
representation  by  a  first  conversion  ; 
converting  said  second  instructions  to  a  second 
internal  representation  by  a  second  conversion  ; 
storing  said  first  and  second  internal  represen- 
tations  ; 
retrieving  said  first  and  second  stored  internal 
representations  ; 
combining  said  first  and  second  retrieved  inter- 
nal  representations  for  generating  said  regions. 

2.  The  method  according  to  claim  1  ,  wherein  said  first 
conversion  comprises  the  generation  of  a  display 
list. 

3.  The  method  according  to  claim  1  ,  wherein  said  first 
conversion  comprises  the  following  steps  : 

generation  of  a  bitmap  for  indicating  the  density 
of  each  recorder  element  within  said  first  region 

generation  of  a  bitmask  for  indicating  whether 
each  corresponding  recorder  element  belongs 
to  said  first  or  second  region  ; 
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first  lossless  compression  of  said  bitmap  into  a 
compressed  bitmap  ;  and 
second  lossless  compression  of  said  bitmask 
into  a  compressed  bitmask. 

5 
4.  The  method  according  to  claim  3,  wherein  the  step 

of  retrieving  said  first  stored  internal  representation 
comprises  the  following  step  : 

decompression  of  said  compressed  bitmap  ;  10 
and 
decompression  of  said  compressed  bitmask. 

5.  The  method  according  to  claim  3,  wherein  said  first 
and  second  lossless  compressions  can  be  inde-  is 
pendently  selected  from  a  CCITT  recommendation 
T.4  group  3  technique  and  group  4  technique. 

6.  The  method  according  to  claim  1  ,  wherein  said  sec- 
ond  conversion  comprises  the  following  steps  :  20 

generation  of  a  contone  map 
lossy  compression  of  said  contone  map  into  a 
compressed  contone  map. 

25 
7.  The  method  according  to  claim  6,  wherein  the  step 

of  retrieving  said  second  stored  internal  representa- 
tion  comprises  the  decompression  of  said  com- 
pressed  contone  map  to  an  approximating  contone 
map.  30 

8.  The  method  according  to  claim  7,  wherein  the  step 
of  retrieving  said  second  stored  internal  representa- 
tion  further  comprises  screening  said  approximating 
contone  map  to  a  screened  second  retrieved  inter-  35 
nal  representation. 

9.  The  method  according  to  claim  8,  wherein  said  con- 
tone  map  is  generated  at  a  resolution  which  is  at 
least  two  times  higher  than  the  screen  ruling  used  40 
in  the  screening  process. 

1  0.  The  method  according  to  claim  6,  wherein  said  con- 
tone  map  is  generated  at  the  orientation  required  for 
the  rasterized  image.  45 

11.  The  method  according  to  claim  10,  wherein  said 
contone  map  is  generated  at  a  resolution,  which  is 
lower  than  the  resolution  required  for  the  rasterized 
image.  so 

1  2.  The  method  according  to  claim  6,  wherein  said  lossy 
compression  is  a  JPEG  (Joint  Photographic  Experts 
Group)  lossy  compression  standard  method  defined 
by  the  CCITT  and  ISO  groups.  55 
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