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      The  desktop publishing applications
requlres  m  many  cases  to scan  one  plcture,
referred  as the  original  picture, to process. it,
and  to print it.

      The block diagram of  the  process is

presented in figure 1.
      Very frequently, the colors  of  the final

printed image  differ from the  colors  of  the
original.  Different causes  conduct  to this

phenomena  but they will  not  be anaiyzed  here.

      One  of  the main  problem of  the desktop

publishing applications  is to reduce  as much  as

possible the difference between the original  and

reproduced  picture.
      This paper introduces a  method  to

transform  the scanned  image file in order  to
minimize  the differences between the original
and  the  reproduced  picture.
      The  method  is based on  a  device
dependent calibration  process, specific  to the

scanner  and  printer pairs devices used  in
application.  The  calibration  process is not  valid

ifthe scanner  or  printer devices are  changed,  or

processing parameters are  changed.  For one
calibration,  the nonlinearity,  pararneter settings

and  local color  deviation of  scanner  and  printer
are  compensated  by color  transfbrrnation. The
calibration  process can  be easily  performed
periodically and  does not  requires  any

additional  instrumentation for color

measurement.
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      The  fo11owing notation  was  used:

PO  : printer transformation  function, that
associates  to a numerical  value,  cn, of  device
dependent color  space,  an  output  color,
c(x,y,y), (printed color).

SO  :scanner  transformation  function, that
associates  to an  input color  c(x,y,y)  a

numerical  value,  cn.

      The  process illustrated in figure l is

described by the fbllowing equations:

      cl =
 S ( C(x,y,y)e ) ;

      C(x,y,Y)2 ==  P(  Cl  );

      To obtain  a  printed color  sarne  like
originai  scanned  color,  one  restriction must  be
verified:

C(x,y,y)2 =  C(x,y,y)o ,(1)

for all the color  range  of  the input picture. In
other  words,  the scanned  colors  can  bc
reproduced  accurately  if they  ape included in the
color  gamut  of  the printer (constraint no,  1).
The  input colors  outside  of  the printer color
gamut can  not  be accurately  reproduced.
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Fig,l. The desktop pub]ishing usuai  configuration
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      The  purpose of  the method  is to find the
transformation,  TO  , between the  original

scanned  color  values,  ci,  and  the  color  values

to be printed, cl' ,

cl' =T(  cl)  , (2)

such  that the  printed color,  C (x,y,y)2  ,

resulted  from the numeric  value  cl' to be equal
to the original  color,  C(.,y,y)o , scanned  and

represented  as  numeric  value  cl. That is:

S( P( Cl'))=  Cl. (3)

Comparing (3) with  (2) it resu!ts:

P( cl')=  S-i( cl ), (4)
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T( cl  ) =  P-1( S-l( cl  ) ).(5)

      The  transformation  (4) is possible only
for colors  which  are not metameric  for scanner
(constraint no.2).

      The transformation  (5) is possible for
colors  that are produced by unique  components
set  from the  device dependent color  space  of

the printer (constraint no.3).

     The  printer-scaitner-feeclback
method  determines the reverse  transforrnation
of  scanner  and  printer, specified  by the

relationship  (5), as  a  color  table transformation

of  the  original  scanned  image file, derived for
the entire  printer coler  gamut.
     The printer-scanner-feedback method

takes advantage  of  a calibration  process. The
calibrarion  process uses  an  uniform  grid of  test
colors  numerically  generated for all the printer
device dependent color  space.  The  values  ef  the
color  transformation  function, which  represent

the solution  of  equation  (3), are empirically

derived as the pair sets of  the color  grid chart,
on  one  hand as these  are generated for printing,
and,  on  the other  hand, as  these  values  are

resulted  after  scanning  the printed grid chart.
The  process is illustrated in figure 2,
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Fig.2. The  printcr-scanner feedback calibration

      The cornputation  of  the  coior  table
transformation  consists  of  the  following steps:
      1,the uniform  grid of  test colors  is
numericalry  generated and  printed; the resulted
colors  represent  the color  grid chart;

     2.the printed color  grid chart is scanned
and  the  direct color  rransformation  table  is
computed;

     3.the reverse  color  transformation  table,
TO,  is computed,  representing  in fact the
ernpirically  derived solution  of  the equation  (3).

      Computing  the  reverse  celor
transformation  is a delicate task, because of  the

three limitations mentioned  above:

      1.the color  gamut of  the original  image
must  be included inside the printer color  gamut;
     2.the metamerism  of  scanner  device
rnust  be reduced  to minimum;

     3.the printed coiors  must  be produced
by unique  numerical  set.
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     The  uniformity  of  the computer

generated grid may  conducts  to a nonlinearity

of  the  scanned  grid chaTt.  In this case,

additional  values  can  be generated in the range

where  the color  transformation function has not
enough  values  to be accurately  defined. The

process of  covering  the gamut of  the coror

transformation  is accomplished  practically in 2
or  3 steps  of  iteration.

     An  interpoiation process can  follow if
the color  transformation  table  is performed for
a lirnited number  of  samples  of  the color  grid
chart.  Few  rnethod  of  3-D  color  interpolation

can  be used[iL[2].

     The calibration  process was  perfbrrned
for a Sharp JX-450 color  scanner  and  a

Mitsubishi SCT-CT  220 color  printer. The
method  was  also  successfully  tested  for same
scanner  and  ink jet printer IRIS 3050, The
color  grid chart  was  selected  as  a 3D  matrix

8x8x8 and  the  corresponding  patches are

organized  on  the priRted paper as 32x16 array,
in such  order  that, the scanning  and  rhe coler

table transformation  to be automatically

perfbrmed. The patches must  be enough  large
to compensate  the scanning  errors  derermined
by the boundary effect.
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