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(54)  Color  printer  calibration  architecture. 
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©  In  a  printer  (30)  which  produces  images  as  a 
function  of  the  combination  of  cyan  (C),  magen- 
ta  (M),  yellow  (Y)  and  black  (K)  colorants  on  an 
output  color  print,  responsive  to  a  device  inde- 
pendent  colorimetric  description  (Rc,Gc,Bc)  of 
an  image,  there  is  provided  a  method  of  calib- 
rating  the  response  of  the  printer  including  the 
steps  of  first,  gray  balancing  or  linearizing  col- 
orant  signals  (500)  ;  secondly,  adding  black  to 
an  ideal  device  dependent  description  of  a  color 
image  in  accordance  with  a  predetermined 
black  addition  process  (510),  and  thirdly,  provi- 
ding  a  color  correction  transformation  process 
(550),  where  the  color  correction  transfor- 
mation  is  accomplished  via  a  method  of  inter- 
polating  printer  responses  from  a  look-up  table 
indexing  colorimetric  descriptions  of  measured 
real  responses,  which  take  into  account  subse- 
quent  black  addition  and  signal  linearization. 
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The  present  invention  is  directed  to  a  method  for 
calibrating  a  printer  to  produce  an  accurate  printer  re- 
sponse  based  on  a  given  ideal  input  image,  and  more 
particularly  to  a  calibration  method  which  allows  de- 
vice  independent  color  image  description  conversion 
to  device  dependent  descriptions  that  produce  an  ac- 
curate  printer  response.  The  invention  is  also  directed 
to  a  method  of  printing  in  a  calibrated  color  printer. 

The  generation  of  color  documents  can  be 
thought  of  as  a  two  step  process:  first,  the  generation 
of  the  image  by  means  of  scanning  an  original  docu- 
ment  with  a  color  image  input  terminal  or  scanner  or, 
alternatively,  creating  a  color  image  on  a  workstation 
operated  in  accordance  with  a  color  image  creation 
program;  and  secondly,  printing  of  that  image  with  a 
color  printer  in  accordance  with  the  colors  defined  by 
the  scanner  or  computer  generated  image.  Scanners 
typically  operate  with  colors  defined  in  a  color  space 
of  tristimulus  values,  i.e.,  RGB  (red-green-blue). 
Commonly,  these  values  are  a  linear  transformation 
of  the  standard  XYZ  coordinates  of  CIE  color  space, 
or  another  transform  of  those  values. 

Printers  have  an  output  which  can  be  defined  as 
existing  in  a  color  space  called  CMYK  (cyan,  magen- 
ta,  yellow,  key  or  black)  which  is  uniquely  defined  for 
the  printer  by  its  capabilities  and  colorants.  Printers 
operate  by  the  addition  of  multiple  layers  of  ink  or  col- 
orant  in  layers  or  halftone  dots  to  a  page.  The  re- 
sponse  of  the  printer  tends  to  be  non-linear.  Thus, 
while  a  printer  receives  information  in  a  first  color 
space  which  has  values  defined  independently  of  any 
device,  it  must  convert  that  information  to  print  in  a 
second  color  space  which  is  dependent  on  device 
characteristics. 

The  desirability  of  operating  in  a  tristimulus  color 
space  with  subsequent  conversion  to  a  printer  colo- 
rant  color  space  is  well  known,  as  shown  by  US-A 
4,500,919  to  Schreiber,  US-A  2,790,844  to  Neugeba- 
uer,  and  US-A  4,275,413  to  Sakamoto.  There  are 
many  methods  of  conversion  between  color  spaces, 
all  of  which  begin  with  the  measurement  of  printer  re- 
sponse  to  certain  input  values.  Commonly,  a  printer 
is  driven  with  a  set  of  color  input  values,  the  values 
are  printed  in  normal  operation  of  the  printer,  and 
measurements  are  made  of  those  colors  to  determine 
what  the  actual  color  printed  was  in  response  to  the 
color  specification.  As  previously  noted,  most  printers 
have  non-linear  response  characteristics. 

The  calibration  of  a  printer  involves  the  process 
of  finding  what  set  of  signals  must  be  sent  to  a  printer 
to  obtain  a  desired  color.  The  desired  color  is  descri- 
bed  in  some  device  independent  terminology  (i.e. 
some  well  defined  standard),  and  the  signals  to  the 
printer  constitute  a  device  dependent  terminology.  A 
complete  calibration  will  transform  the  device  inde- 
pendent  color  description  into  a  device  dependent  de- 
scription  such  that  the  resultant  combination  of  mate- 
rials  (i.e.  ink,  toner,  dye,  etc  )  on  the  paper  produces 

the  desired  color  (i.e.  the  color  which  was  initially  de- 
scribed  in  a  device  independent  fashion). 

The  calibration  of  high  quality  printers  can  be  div- 
ided  into  three  major  tasks,  (1)  setting  gray  balance 

5  (denoted  by  GB),  (2)  determining  black  addition 
(sometimes  K  +)  and  under  color  removal  (termed 
UCR  or  sometimes  termed  "gray  component  replace- 
ment");  and  finally  (3)  color  correction  or  color  trans- 
formation. 

10  Gray  balance  consists  of  determining  what  com- 
bination  of  inks  are  needed  to  produce  a  neutral  gray 
of  a  desired  density.  Since  black  ink  is  neutral,  only 
the  combination  of  CMY  inks  must  be  determined. 
The  blackchannel  of  the  printer  is  linearized  such  that 

15  the  reflectance  from  black  ink  is  a  linear  function  of 
the  input  signal  (that  operation  is  known  as  "Black 
tone  reproduction  control"  or  "Black  TRC").  Because 
of  unwanted  absorption,  printer  non-linearities  and 
other  effects,  it  is  generally  not  the  case  that  equal 

20  amounts  of  CMY  ink  will  produce  a  neutral  color,  but 
it  is  useful  to  define  a  CMY  signal  for  which  this  is  the 
case.  When  the  gray  balanced  printer  is  given  equal 
amounts  of  CMY  as  input  signals,  it  will  put  down  the 
amounts  of  cyan,  magenta,  and  yellow  ink  that  are 

25  needed  to  produce  a  neutral  color.  This  generally 
means  that  the  ink  amounts  on  paper  will  not  be 
equal,  but  the  final  color  will  be  neutral. 

The  procedure  for  gray  balancing  a  printer  in- 
volves  printing  many  different  combinations  of  CMY 

30  ink,  and  then  inspecting  the  resulting  patches  to  find 
the  neutral  colors.  Then,  the  neutral  patches  are 
found  by  measuring  the  color  of  the  patches  (there 
may  bean  initial  visual  sort  of  the  patches).  Hopefully, 
neutral  patches  of  different  densities  are  obtained, 

35  and  then  a  curve  fitting  procedure  is  used  to  predict 
the  ink  combinations  needed  for  the  other  obtainable 
neutral  grays.  The  difficulty  with  this  procedure  is  the 
printing  and  inspection  of  many  patches,  and  that  it  re- 
quires  the  production,  searching,  and  predicting  to 

40  take  place  in  a  three  dimensional  space. 
The  process  known  as  UCR  involves  determining 

how  much  CMY  ink  to  remove  after  a  specified 
amount  of  black  ink  has  been  added  to  the  same  col- 
or.  The  idea  here  is  to  replace  some  of  the  CMY  ink 

45  with  black  ink.  Black  ink  is  used  to  both  extend  the  ga- 
mut  of  the  printer,  which  aids  in  the  production  of 
sharper,  cleaner  looking  images,  and  to  reduce  the  to- 
tal  amount  of  ink  on  the  page. 

The  procedure  for  determining  the  amount  of 
so  UCR  is  a  strong  function  of  black  addition.  An  example 

of  one  such  black  addition  strategy  is  that  of  adding 
no  black  up  until  some  minimum  density,  and  then 
slowly  adding  more  black  as  the  density  of  the  re- 
quested  color  increases.  In  one  possible  calibration 

55  strategy,  the  amount  of  black  ink  is  zero  until  some 
minimum  density,  and  then  increases  quadratically 
as  a  function  of  requested  density. 

One  method  of  color  calibration  requires  first  per- 
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forming  a  gray  balance  calculation  of  the  printer,  fol- 
lowed  by  a  determining  K  +  and  UCR,  and  finally  mak- 
ing  a  determination  of  a  color  correction  transform. 
The  gray  balance  process  requires  searching  through 
a  three  dimensional  table,  with  interpolation  to  find  a 
proper  combination  of  inks  to  produce  a  neutral  color. 
The  second  stage  of  the  calibration  requires  the 
choice  of  an  initial  K  +  strategy  and  then  the  meas- 
urement  of  printed  patches  to  modify  the  K  +  strategy 
and  determine  a  UCR  strategy.  The  final  stage  of  the 
calibration  requires  the  establishment  of  a  color  cor- 
rection  transformation.  This  is  currently  done  by  print- 
ing  and  measuring  1000  (10x10x10)  or  512  (8x8x8) 
patches  distributed  throughout  the  color  space. 
These  patches,  which  are  generated  without  black 
addition  and  under  colour  removal,  are  used  to  build 
a  three  dimensional  look-up-table  (LUT)  which  is 
used  with  tetrahedral  interpolation.  In  the  long  cali- 
bration  process,  the  table  should  only  have  to  make 
minor  corrections  to  the  colors;  grays  should  already 
be  gray  (because  of  the  gray  balance  calibration),  and 
the  colors  should  not  change  significantly  in  density 
(because  the  UCR  calibration  has  been  done). 

In  US-A  4,500,919  to  Schreiber,  and  US-A 
4,275,413  to  Sakamoto,  the  information  derived  from 
patch  measuring  was  placed  into  look-up  tables,  stor- 
ed  in  a  memory,  perhaps  ROM  memory  or  RAM 
memory  where  the  look-up  table  relates  input  color 
space  to  output  color  space.  The  look-up  table  is  com- 
monly  a  three  dimensional  table  since  color  space  is 
three  dimensional.  With  a  scanner  or  computer,  the 
RGB  space  can  be  defined  as  three  dimensional  with 
black  at  the  origin  of  a  three  dimensional  coordinate 
system  (0,0,0),  and  white  at  the  maximum  of  a  three 
dimensional  coordinate  system  which,  in  an  8-bit  sys- 
tem,  would  be  located  at  (255,  255,  255).  Each  of  the 
three  axes  radiating  from  the  origin  point  therefore  re- 
spectively  define  red,  green,  and  blue.  A  similar  con- 
struct  can  be  made  for  the  printer,  with  axes  repre- 
senting  cyan,  magenta,  and  yellow.  Black  is  usually  a 
separate  toner  which  is  added  separately.  In  the  8-bit 
system  suggested  there  will  be,  however,  over  16  mil- 
lion  possible  colors  (2563)  There  are  clearly  too  many 
values  for  a  1:1  mapping  of  RGB  to  CMYK.  According- 
ly,  as  proposed  in  US-A  4,275,41  3  to  Sakamoto,  only 
a  relatively  small  number  of  samples  are  made  at  the 
printer,  perhaps  on  the  order  of  1,000,  or  even  less. 
Therefore,  the  look-up  tables  consist  of  a  set  of  values 
which  could  be  said  to  be  the  intersections  for  corners 
of  a  set  of  rectangular  parallel-pipeds  mounted  on  top 
of  one  another.  Colors  falling  within  each  rectangular 
volume  can  be  interpolated  from  the  measured  val- 
ues,  through  many  methods  including  tri-linear  inter- 
polation,  tetrahedral  interpolation,  polynomial  interpo- 
lation,  linear  interpolation,  and  any  other  interpolation 
method  depending  on  the  accuracy  of  the  desired  re- 
sult. 

It  is  an  object  of  the  invention  to  provide,  for  a 

printer  which  produces  images  as  a  function  of  the 
combination  of  three  primary  colors  (for  example 
cyan  (C),  magenta  (M),  and  yellow  (Y))  and  black  (K) 
on  an  output  print,  a  simplified  calibration  process 

5  providing  accurate  printer  response  to  ideal  input.  It  is 
a  further  object  to  provide  a  simplified  method  of 
printing  in  a  calibrated  color  printer. 

In  accordance  with  one  aspect  of  the  invention, 
in  a  printer  which  produces  images  as  a  function  of 

10  the  combination  of  three  primary  colors  (for  example 
cyan  (C),  magenta  (M),  and  yellow  (Y))  and  black  (K) 
on  an  output  print,  responsive  to  device  independent 
colorimetric  description  of  an  image,  there  is  provided 
a  method  of  calibrating  the  response  of  the  printer  to 

15  an  image  described  in  terms  of  colorimetric  values,  in- 
cluding  the  steps  of  first,  determining  a  gray  balanced 
or  linear  printer  response;  second,  adding  black  to  an 
ideal  device  dependent  description  of  a  color  image  in 
accordance  with  a  predetermined  black  addition 

20  process,  and  third,  providing  a  color  correction  trans- 
formation  process,  where  the  color  correction  trans- 
formation  is  accomplished  via  a  method  of  interpolat- 
ing  printer  responses  from  a  look  up  table  indexing 
colorimetric  descriptions  of  measured  real  responses, 

25  including  correction  for  gray  density  and  under  color 
removal. 

In  accordance  with  another  aspect  of  the  inven- 
tion,  the  table  relating  device  independent  image  de- 
scriptions  to  device  dependent  image  descriptions  is 

30  generated,  with  the  entries  to  the  table  taking  into  ac- 
count  the  gray  balanced  or  linearized  response  of  the 
printer,  desirable  undercolor  removal,  and  down- 
stream  black  addition  to  the  device  dependent  color 
description  of  the  image. 

35  In  accordance  with  yet  another  aspect  of  the  in- 
vention,  there  is  provided  a  method  of  calibrating  a 
color  printer  so  that  color  images  defined  in  terms  of 
colorimetric  color  signals  may  be  printed  on  a  color 
printer  responsive  to  printer  colorant  signals  to  render 

40  color  prints  with  a  set  of  three  primary  colorants  and 
black  on  a  substrate,  the  calibration  method  compris- 
ing  the  ordered  steps  of: 

a)  gray  balancing  or  linearizing  the  printer  re- 
sponse; 

45  b)  determining,  for  a  given  density  characteristic 
of  a  combination  of  primary  colorant  signals  to 
generate  a  color  on  the  substrate,  a  black  colo- 
rant  signal,  to  add  black  to  a  color  print; 
c)  producing  a  color  transform  and  correction  ta- 

50  ble  taking  account  of  the  black  addition;  and 
d)  storing  an  addressable  mapping  of  colorimetric 
color  signals  to  colorant  signals  in  a  printer  mem- 
ory. 
In  accordance  with  still  another  aspect  of  the  in- 

55  vention,  there  is  provided  a  method  of  printing  in  a 
calibrated  color  printer  so  that  scanned  color  images 
defined  in  terms  of  colorimetric  color  signals  may  be 
printed  on  a  color  printer  responsive  to  printer  colorant 

3 
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signals  to  render  a  color  print  with  a  set  of  three  pri- 
mary  colorants  and  black  on  a  substrate,  and  includ- 
ing  undercolor  removal,  the  printing  method  compris- 
ing  the  ordered  steps  of: 

scanning  an  image  to  derive  a  set  of  device  in- 
dependent  colorimetric  color  signals; 

converting  said  colorimetric  color  signals  into 
device  dependent  primary  colorant  signals,  each  pri- 
mary  colorant  signal  defining  a  density  of  colorant  to 
be  used  in  rendering  a  color  print,  said  conversion  ac- 
counting  for  a  subsequent  black  colorant  addition; 

determining,  for  a  density  of  the  combination 
of  primary  colorant  signals  a  black  colorant  signal,  to 
add  black  colorant  to  the  color  print; 

gray  balancing  or  linearizing  the  primary  colo- 
rant  signals  and  linearizing  black  to  generate  a  set  of 
corresponding  printer  colorant  signals  to  control  the 
printer;  and 

using  said  printer  colorant  signals  to  control 
the  printer  to  produce  an  image  colorimetrically 
matching  the  scanned  image. 

By  way  of  example  only,  an  embodiment  of  the  in- 
vention  will  be  described  with  reference  to  the  accom- 
panying  drawings,  in  which: 

Figure  1  is  a  block  diagram  of  a  scanning/printing 
system  with  color  transformation,  for  converting 
device  independent  image  descriptions  to  device 
dependent  image  descriptions; 
Figure  2  is  a  block  diagram  of  a  portion  of  the 
printing  system  of  Figure  1,  showing  the  device 
dependent  image  descriptions  to  accommodate 
an  individual  printer; 
Figures  3Aand  3B  show  the  effect  of  a  calibration 
method  in  accordance  with  the  invention  on  color 
conversion  look-up  tables;  and 
Figure  4  is  a  flow  chart  illustrating  a  calibration 
method  in  accordance  with  the  invention. 
In  a  simple  model  of  a  printing  system,  illustrated 

in  Figure  1,  a  scanner  10,  such  as  perhaps  the  color 
scanner  available  in  the  Xerox  5775  digital  color  cop- 
iers,  is  calibrated  to  produce  a  set  of  digital  colorimet- 
ric  or  device  independent  data  describing  a  scanned 
image  12,  which,  by  definition  can  be  defined  in  terms 
of  rg  b  space.  Resulting  from  the  actual  scanning  op- 
eration  is  a  set  of  scanner  image  signals  Rs,Gs,Bs, 
defined  in  scanner  dependent  terms.  Incorporated 
into  the  scanner  or  another  processing  path  is  a  post- 
scanning  processor  14,  which  provides  correction  of 
scanner  image  signals  RS,GS,BS  to  colorimetric 
terms,  typically  digital  in  nature  Rc,Gc,Bc.  The  values 
may  be  in  terms  of  CIE  color  space  (rgb),  or  the 
L*a*b*  luminance-chrominance  space  (LC1C2).  In 
block  20,  a  color  space  transform,  such  as  that  descri- 
bed  in  US-A  4,275,41  3  to  Sakamoto,  is  used  to  con- 
vert  the  device  independent  data  to  printer  dependent 
data.  The  output  of  block  20  is  the  image  defined  in 
terms  of  a  device  (i.e.  printer)  dependent  space,  or 
colorant  values  CP,  MP,  YP,  KP  that  will  be  used  to 

drive  a  printer  30.  In  one  possible  example,  the  colo- 
rant  values  represent  the  relative  amounts  of  cyan, 
magenta  and  yellow  toners  that  are  to  be  deposited 
over  a  given  area  in  an  electrophotographic  printer, 

5  such  as,  again,  Xerox  5775  digital  color  copiers.  The 
printed  output  image  may  be  said  to  be  defined  in 
terms  of  RP,GP,BP,  which  is  hoped  to  have  a  relation- 
ship  with  Ro,G0,B0  such  that  the  printer  has  a  color 
that  is  colorimetrically  similar  to  the  original  image,  al- 

io  though  that  similarity  is  ultimately  dependent  upon 
the  gamut  of  the  printing  device. 

With  reference  now  to  Figure  2,  initially,  Rc,  Gc, 
Bc  color  signals  are  directed  to  a  three  dimensional 
look  up  table  stored  in  a  device  memory  40  such  as 

15  a  ROM  or  other  addressable  memory  device,  which 
will  meet  speed  and  memory  requirements  for  a  par- 
ticular  device.  Color  signals  Rc,  Gc,  Bc  are  processed 
to  generate  address  entries  to  the  table  which  stores 
a  set  coefficients  with  which  the  Rc,  Gc,  Bc  may  be 

20  processed  to  convert  them  to  Cx,  Mx,  Yx  colorant  sig- 
nals.  Values  which  are  not  mapped  may  be  deter- 
mined  through  interpolation. 

It  will  no  doubt  be  recognized  that  there  are  many 
methods  of  providing  a  transform  from  device  inde- 

25  pendent  data  to  device  dependent  data,  with  US-A 
4,275,413  to  Sakamoto  describing  one  method, 
which  itself  can  be  varied.  Once  a  conversion  table  is 
established,  a  method  of  interpolation  referred  to  as 
tri-linear  or  cubic  interpolation  may  also  be  used  to 

30  calculate  output  values  from  the  limited  set  of  input 
values.  The  values  stored  in  the  look-up  table  can  be 
empirically  derived,  as  in  Sakamoto,  or  calculated  or 
extrapolated  based  on  empirical  information,  as  in 
Po-Chieh  Hung,  "Tetrahedral  Division  Technique  Ap- 

35  plied  to  Colorimetric  Calibration  for  Imaging  Media", 
Annual  Meeting  IS&T,  NJ,  May,  1992,  pp.  419-422; 
Po-Chieh  Hung,  "Colorimetric  Calibration  for  Scan- 
ners  and  Media",  SPIE,  Vol.  1448,  Camera  and  Input 
Scanner  System,  (1991);  and  Sigfredo  I.  Nin,  et  al., 

40  "Printing  CIE  LAB  Images  on  a  CMYK  Printer  Using 
Tri-Linear  Interpolation",  SPIE  Proceedings,  Vol. 
1670,  1992,  pp.  316-324.  The  construction  of  the  set 
of  values  stored  for  a  printing  method  in  accordance 
with  the  present  invention  will  be  discussed  hereinbe- 

45  low. 
With  reference  again  to  Figure  2,  upon  obtaining 

device  dependent  colorant  signals  Cx,  Mx,  Yx,  black 
addition  (K  +)  is  performed  in  two  steps.  In  the  first 
step  50  the  minimum  density  of  the  cyan,  magenta, 

so  and  yellow  signals  is  determined.  In  the  second  step 
60  it  then  generates  a  black  colorant  signal  as  a  func- 
tion  thereof.  As  already  discussed,  in  one  possible 
strategy,  the  amount  of  black  ink  is  zero  until  some 
minimum  density,  and  then  increases  quadratically 

55  as  a  function  of  requested  density.  The  addition  of 
black  ink  is  primarily  an  aesthetic  determination. 

Subsequent  to  black  addition,  the  color  values 
are  linearized  at  70  and  80,  so  that  linearly  increasing 

4 
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values  of  colorants  produce  a  linearly  increasing  col- 
orimetric  response.  The  linearization  process  is  im- 
plemented  via  a  set  of  look-up  tables  storing  the  re- 
sponses  of  a  set  of  patches  generated  at  a  set  of  input 
values,  where  a  curve  fitting  routine  is  used  to  map 
the  set  of  possible  input  responses  to  characterized 
output  responses.  These  values  are  then  used  to 
drive  printer  30. 

In  an  alternative  procedure,  the  color  values  may 
be  gray  balanced,  so  that  equal  amounts  of  color  pro- 
duce  a  neutral  gray  response  at  the  printer.  The  gray 
balance  process  is  implemented  via  a  set  of  look-up 
tables  storing  the  responses  of  a  set  of  patches  gen- 
erated  at  a  set  of  input  values,  where  a  curve  fitting 
routine  is  used  to  map  the  set  of  possible  input  re- 
sponses  to  characterized  output  responses.  These 
values  are  then  used  to  drive  printer  30. 

As  so  far  described,  the  printing  system  shown  in 
Figs.  1  and  2  is  conventional.  A  method  of  calibrating 
the  system,  in  accordance  with  the  invention,  will  now 
be  described.  The  calibration  method,  which  compris- 
es  the  creation  of  the  color  transformation  table  stor- 
ed  in  memory  40,  requires:  1)  linearization  orgray  bal- 
ance  of  printer  responses;  2)  determination  of  black 
addition  strategy;  and  3)  printing  a  set  of  patches  with 
a  selected  set  of  input  values,  taking  into  account  lin- 
earization  or  gray  balance  and  black  addition.  To  cre- 
ate  the  table,  a  set  of  color  patches  are  created,  which 
include  determined  linearization  and  black  addition. 
This  is  done  by  printing  and  measuring  about  1000 
(1  0  x  1  0  x  1  0)  or  51  2  (8  x  8  x  8)  patches  of  printer  col- 
ors  distributed  throughout  the  color  space,  i.e.,  a 
large  set  of  printer  driving  signals  are  generated,  in 
varying  densities  of  combinations  of  cyan,  magenta 
and  yellow,  and  used  to  drive  the  printer.  The  color  of 
each  patch  is  measured,  using  a  spectrophotometer 
to  determine  color  in  terms  of  RCBCGC.  The  measured 
colors  of  these  patches  are  used  to  build  a  three  di- 
mensional  look-up-table  (LUT)  relating  RcBcGc- 
defined  colors  to  CXMXYX  defined  colors.  Conver- 
sions  that  do  not  include  mapped  and  measured 
points  may  be  interpolated. 

The  calibration  method  is  illustrated  in  Figure  4. 
At  step  500,  the  tone  reproduction  (TR)  curves  for 
each  color  separation  and  black  are  linearized.  The 
steps  that  make  up  that  linearization  are  shown  at  502 
to  508  and  are  as  follows:  At  step  502,  a  set  of  C,  M 
and  Y  density  samples  are  printed  through  the  range 
of  possible  densities  for  each  color.  At  step  504,  the 
density  of  each  sample  is  measured.  At  step  506,  a 
TRC  mapping  is  derived  which  relates  input  signals  to 
output  signals  for  each  separation.  At  step  508,  the 
process  is  repeated  for  black. 

Following  linearization,  at  step  510,  UCR  and  K  + 
strategy  are  determined,  determining  how  much 
black  will  be  added  for  a  given  minimum  density  sig- 
nal. 

At  the  next  step,  520,  a  set  of  patch  signals  are 

generated  to  drive  the  printer  to  produce  a  set  of  col- 
ors  which  can  be  measured.  The  colors  are  produced 
(step  530)  with  the  TRC  and  K  +  functions  turned  ON. 
At  step  540,  the  printer  response,  i.e.  the  colors  pro- 

5  duced,  are  measured  with  a  spectrophotometer  orthe 
like  to  determine  what  was  actually  reproduced  by  the 
printer.  The  measurements  are  made  in  terms  of  input 
color  coordinates,  in  our  model  given  as  RCGCBC.  At 
step  550,  a  mapping  of  RCGCBC  to  CXMXYX  is  created 

10  and  stored  in  a  three  dimensional  LUT  in  memory  40 
(Figure  2). 

If  the  printing  system  of  Figure  2  provides  for  gray 
balancing,  then  the  calibration  method  may  include 
the  gray  balancing  procedure  so  that  it  will  be  ref  lect- 

15  ed  in  the  look-up  table  produced  at  step  550  of  Figure 
4.  The  various  steps  of  such  the  gray  balancing  pro- 
cedure,  which  are  known,  have  already  been  descri- 
bed  above. 

As  was  noted,  the  actual  patches  printed  at  step 
20  530  in  Figure  4  are  a  combination  of  cyan,  magenta, 

yellow  and  black  colorants,  where  black  is  added  in 
accordance  with  a  black  addition  strategy.  Additional- 
ly,  the  response  of  the  printer  to  signals  for  each  color 
and  black  was  linearized  or  gray  balanced.  Given  a 

25  color  patch  created  with  50%  cyan,  50%  magenta, 
50%  yellow  (where  the  percentage  of  color  refers  to 
the  percentage  of  possible  density  of  that  color), 
which  should  be  approximately  a  neutral  gray,  per- 
haps  30%  black  will  be  added.  Additionally,  the  sig- 

30  nals  will  be  linearized  by  look-up  tables  70  and  80. 
When  measured,  however,  the  patch  color  will  be  sig- 
nificantly  darker  than  one  might  expect,  due  to  the 
black  addition.  Therefore,  the  RcBcGc  value  mapped 
to  that  combination  of  50%  cyan,  50%  magenta,  50% 

35  yellow  and  30%  black  has  a  much  higher  density  than 
would  be  expected.  A  corollary  is  that  the  amount  of 
cyan,  magenta,  and  yellow  being  used  is  less  than 
would  be  expected  for  the  desired  RCBCGC  density. 
Thus,  it  can  be  seen  that  the  amount  of  cyan,  magen- 

40  ta,  and  yellow  is  lowered  to  compensate  for  the 
amount  of  black  added,  and  UCR  is  accomplished 
without  a  UCR  determination  step. 

Figure  3  provides  a  brief  explanation.  In  Figure 
3A,  a  3-D  look-up  table  indexing  RcBcGc  reflectance 

45  values  to  CMY  reflectance  values  may  provide  the  re- 
lationship  shown.  Thus,  a  specified  RCBCGC  signal 
produces  a  corresponding  CMY  signal.  However,  if 
black  is  added,  the  measured  RGB  for  the  same  CMY 
is  much  darker.  Accordingly,  to  obtain  the  same  RGB 

so  of  Figure  3A,  in  Figure  3B,  a  lighter  combination  of 
CMY  must  be  used.  In  other  words,  converting  from 
device  independent  values  to  device  dependent  val- 
ues,  in  converting  from  RGB  to  CMY,  the  conversion 
must  provide  for  a  lighter  combination  of  CMY.  The 

55  less  dense  combination  of  colorants  accomplishes 
UCR. 

The  same  measurements  made  to  form  the  table 
stored  in  memory  40,  which  account  for  UCR  also  ac- 

5 
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count  for  gray  balance  or  linearization  determination, 
since  the  table  generation  includes  the  response  of 
the  printer  after  compensation  for  gray  balance  or  lin- 
earization. 

Returning  now  to  the  scanning/printing  system 
shown  in  Figures  1  and  2  it  will  be  appreciated  that, 
when  the  sytem  is  calibrated  by  a  method  as  just  de- 
scribed  with  reference  to  Figure  4,  it  will  differ  from  a 
conventional  system  in  the  manner  in  which  the  col- 
orimetric  color  signals  Rc,  Gc,  Bc  are  converted  into 
the  primary  colorant  signals  Cx,  Mx,  Yx  in  that  ac- 
count  is  taken,  in  the  conversion,  of  subsequent  black 
colorant  addition  and  linearization/gray  balancing. 

in  a  colorant  signal  produces  a  linear  in- 
crease  in  a  printer  colorant  signal; 

b)  determining  (510),  for  a  given  density  char- 
acteristic  of  a  combination  of  primary  colorant 
signals  to  generate  a  color  on  the  substrate, 
a  black  colorant  signal,  to  add  black  to  a  color 
print;  and  then 
c)  producing  a  color  transform  and  correction 
table  by: 

i)  producing  a  second  set  of  printer  colo- 
rant  signals  of  colors  from  combinations  of 
the  three  primary  colorants,  with  black 
colorant  signals  added  in  accordance  with 
the  determined  density  characteristic  of 
the  combination  of  primary  colorant  sig- 
nals,  to  print  (530)  a  corresponding  set  of 
color  samples  from  combination  of  the 
three  primary  colorants  and  black  on  a 
substrate, 
ii)  measuring  (540)  the  color  of  each  print- 
ed  color  sample  in  terms  of  colorimetric 
color  signals,  and 
iii)  generating  a  color  transformation  table 

mapping  measured  colors  in  terms  of  the 
three  primary  colorants  used  to  generate 
t  he  color  samples  to  colorimetric  color  sig- 
nals;  and 

5  d)  storing  (550)  an  addressable  mapping  of 
colorimetric  color  signals  to  colorant  signals  in 
a  printer  memory  (40). 

2.  A  method  as  claimed  in  claim  1  ,  wherein  the  sec- 
10  ond  set  of  printer  colorant  signals  is  produced  tak- 

ing  account  of  the  previous  linearization. 

3.  A  method  of  printing  in  a  calibrated  color  printer 
so  that  scanned  color  images  defined  in  terms  of 

15  colorimetric  color  signals  may  be  printed  on  a  col- 
or  printer  responsive  to  printer  colorant  signals  to 
render  a  color  print  with  a  set  of  three  primary  col- 
orants  and  black  on  a  substrate,  and  including  un- 
dercolor  removal,  the  printing  method  comprising 

20  the  ordered  steps  of: 
scanning  an  image  to  derive  a  set  of  device 

independent  colorimetric  color  signals; 
converting  said  colorimetric  color  signals 

into  device  dependent  primary  colorant  signals, 
25  each  primary  colorant  signal  defining  a  density  of 

colorant  to  be  used  in  rendering  a  color  print,  said 
conversion  accounting  for  a  subsequent  black 
colorant  addition; 

determining,  for  a  density  of  the  combina- 
30  tion  of  primary  colorant  signals  a  black  colorant 

signal,  to  add  black  colorant  to  the  color  print; 
linearizing  each  primary  colorant  signal 

and  black  to  generate  a  set  of  corresponding  prin- 
ter  colorant  signals  to  control  the  printer;  and 

35  using  said  printer  colorant  signals  to  con- 
trol  the  printer  to  produce  an  image  colorimetri- 
cally  matching  the  scanned  image. 

4.  A  method  as  claimed  in  claim  3,  wherein  the  said 
40  conversion  also  accounts  for  a  subsequent  line- 

arization  of  the  primary  colorant  signals. 

5.  A  scanning/printing  system  comprising: 
scanner  means  (10,  14)  operable  to  scan 

45  a  colour  image  and  to  produce  a  set  of  device-in- 
dependent  colorimetric  signals  (Rc,  Gc,  Bc)  rep- 
resenting  the  image; 

means  (40)  for  converting  the  device-in- 
dependent  colorimetric  signals  into  primary  colo- 

50  rant  signals  (Cx,  Mx,  Yx); 
means  (50,  60)  operable  to  measure  the 

density  of  the  combination  of  primary  colorant 
signals  and,  in  dependence  on  that  measure- 
ment,  to  generate  a  signal  representing  the  black 

55  colorant  to  be  added;  and 
means  (70,  80)  for  linearizing  the  primary 

colorant  signals  and  the  black  colorant  signal  to 
produce  a  set  of  signals  (CP,  MP,  YP,  KP)  for  con- 

15 
Claims 

A  met  hod  of  calibrating  a  color  printer  so  that  col- 
or  images  defined  in  terms  of  colorimetric  color 
signals  may  be  printed  on  the  printer  in  response  20 
to  printer  colorant  signals  to  render  color  prints 
with  a  set  of  three  primary  colorants  and  black  on 
a  substrate,  the  calibration  method  comprising 
the  steps  of: 

a)  linearizing  the  printer  response  by:  25 
i)  producing  (502)  a  set  of  printer  colorant 
signals  to  print  a  corresponding  set  of 
varying  density  samples  of  each  of  the 
three  primary  colorants  and  black  on  a 
substrate,  30 
ii)  measuring  (504)  the  density  of  each 
printed  density  sample,  and 
iii)  generating  (506)  a  printer  linearization 
table  for  each  of  the  three  primary  colo- 
rants  and  black,  whereby  a  linear  increase  35 

50 
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trolling  a  color  printer  (30)  to  produce  an  image 
colorimetrically  matching  the  scanned  image; 

wherein  the  converting  means  (40)  is  op- 
erable  to  convert  the  colorimetric  signals  taking 
account  of  the  subsequent  black  colorant  addi-  5 
tion. 

6.  A  system  as  claimed  in  claim  5,  wherein  the  con- 
verting  means  (40)  is  operable  to  convert  the  col- 
orimetric  signals  taking  account  also  of  the  sub-  10 
sequent  linearization. 

7.  A  method  of  calibrating  a  color  printer  so  that  col- 
or  images  defined  in  terms  of  colorimetric  color 
signals  may  be  printed  on  the  printer  in  response  15 
to  printer  colorant  signals  to  render  color  prints 
with  a  set  of  three  primary  colorants  and  black  on 
a  substrate,  the  calibration  method  comprising 
the  steps  of: 

a)  gray  balancing  the  printer  response  by:  20 
i)  producing  a  set  of  printer  colorant  signals 
to  print  a  corresponding  set  of  varying 
density  samples  of  combinations  each  of 
the  three  primary  colorants; 
ii)  determining  which  of  the  samples  print-  25 
ed  in  combination  provide  a  neutral  gray; 
iii)  generating  a  printer  gray  balance  table, 
whereby  printer  colorant  signals  are  varied 
in  accordance  with  a  function  that  defines 
three  equal  colorant  signals  as  gray;  30 
iv)  producing  a  set  of  printer  colorant  sig- 
nals  to  print  varying  density  samples  of 
black  on  a  substrate; 
v)  measuring  the  density  of  each  printed 
sample,  and  35 
vi)  generating  a  printer  linearization  table 
for  black,  whereby  a  linear  increase  in  the 
colorant  signal  for  black  produces  a  linear 
increase  in  the  black  printer  colorant  re- 
sponse;  40 

b)  determining,  for  a  given  density  character- 
istic  of  a  combination  of  primary  colorant  sig- 
nals  to  generate  a  color  on  the  substrate,  a 
black  colorant  signal,  to  add  black  to  a  color 
print;  and  then  45 
c)  producing  a  color  transform  and  correction 
table  by: 

i)  producing  a  second  set  of  printer  colo- 
rant  signals  of-colors  from  combinations  of 
the  three  primary  colorants,  with  black  50 
colorant  signals  added  in  accordance  with 
the  determined  density  characteristic  of 
the  combination  of  primary  colorant  sig- 
nals,  to  print  a  corresponding  set  of  color 
samples  from  combination  of  the  three  pri-  55 
mary  colorants  and  black  on  a  substrate, 
ii)  measuring  the  color  of  each  printed  col- 
or  sample  in  terms  of  colorimetric  color  sig- 

nals,  and 
iii)  generating  a  color  transformation  table 
mapping  measured  colors  in  terms  of  the 
three  primary  colorants  used  to  generate 
t  he  color  samples  to  colorimetric  color  sig- 
nals;  and 

d)  storing  an  addressable  mapping  of  colori- 
metric  color  signals  to  colorant  signals  in  a 
printer  memory. 

8.  A  method  as  claimed  in  claim  7,  wherein  the  sec- 
ond  set  of  printer  colorant  signals  is  produced  tak- 
ing  account  of  the  previous  gray  balancing. 

9.  A  method  of  printing  in  a  calibrated  color  printer 
so  that  scanned  color  images  defined  in  terms  of 
colorimetric  color  signals  may  be  printed  on  a  col- 
or  printer  responsive  to  printer  colorant  signals  to 
render  a  color  print  with  a  set  of  three  primary  col- 
orants  and  black  on  a  substrate,  and  including  un- 
dercolor  removal,  the  printing  method  comprising 
the  ordered  steps  of: 

scanning  an  image  to  derive  a  set  of  device 
independent  colorimetric  color  signals; 

converting  said  colorimetric  color  signals 
into  device  dependent  primary  colorant  signals, 
each  primary  colorant  signal  defining  a  density  of 
colorant  to  be  used  in  rendering  a  color  print,  said 
conversion  accounting  for  a  subsequent  black 
colorant  addition; 

determining,  for  a  density  of  the  combina- 
tion  of  primary  colorant  signals  a  black  colorant 
signal,  to  add  black  colorant  to  the  color  print; 

gray  balancing  the  primary  colorant  sig- 
nals  and  linearizing  black  to  generate  a  set  of  cor- 
responding  printer  colorant  signals  to  control  the 
printer;  and 

using  said  printer  colorant  signals  to  con- 
trol  the  printer  to  produce  an  image  colorimetri- 
cally  matching  the  scanned  image. 

10.  A  method  as  claimed  in  claim  9,  wherein  the  said 
conversion  also  accounts  for  a  subsequent  gray 
balancing  of  the  primary  colorant  signals. 

11.  A  scanning/printing  system  comprising: 
scanner  means  (10,  14)  operable  to  scan 

a  colour  image  and  to  produce  a  set  of  device-in- 
dependent  colorimetric  signals  (Rc,  Gc,  Bc)  rep- 
resenting  the  image; 

means  (40)  for  converting  the  device-in- 
dependent  colorimetric  signals  into  primary  colo- 
rant  signals  (Cx,  Mx,  Yx); 

means  (50,  60)  operable  to  measure  the 
density  of  the  combination  of  primary  colorant 
signals  and,  in  dependence  on  that  measure- 
ment,  to  generate  a  signal  representing  the  black 
colorant  to  be  added;  and 

7 
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means  for  gray  balancing  the  primary  col- 
orant  signals  and  linearizing  the  black  colorant 
signal  to  produce  a  set  of  signals  (Cp,  Mp,  Yp,  Kp) 
for  controlling  a  color  printer  (30)  to  produce  an 
image  colorimetrically  matching  the  scanned  im-  5 
age; 

wherein  the  converting  means  (40)  is  op- 
erable  to  convert  the  colorimetric  signals  taking 
account  of  the  subsequent  black  colorant  addi- 
tion.  10 

12.  A  system  as  claimed  in  claim  11,  wherein  the  con- 
verting  means  (40)  is  operable  to  convert  the  col- 
orimetric  signals  taking  account  also  of  the  sub- 
sequent  gray  balancing/linearization.  15 
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