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LUT?i6A%I T (57) Abstract: An image signal processing method for outputting
a color image. When a YCC image creation unit (2) encodes input  image data
YCbCr to print image data, the luminance Y is kept as it  is while
chromaticity Cb, Cr is subjected to a non-linear conversion  by using a
non-linear function f(c), so as to create print image data  YCb' Cr' . A'
cmyk converter (3) performs a non-linear conver- sion by using an inverse
function i' (c) of the non-linear function  



f(c) to the print image data YCb' Cr' created by the YCC image  creation
unit (2). A color space conversion is performed correspond- ing to the
color space ofan output device, so that the print image data  YCb' Cr' is
converted to the print output image data cmyk. Thus,  encoding density is
controlled locally in a wide color range, thereby  improving the color
reproduction quality. 16 March 2006 1  Description Picture Signal
Processing Method and Picture Signal Processing Apparatus Technical Field
This invention relates to a picture signal processing method and a picture
signal processing apparatus for outputting a color picture. Background Art
Recently, reduction in cost and increase in the processing speed in devices
handling color picture data are progressing speedily and, in keeping pace
therewith, a wide variety of systems, handling color pictures, exemplified
by a  system exchanging color picture data over a network, such as the
Internet, or a  desk top publishing system for carrying out the editing
operations, including color  picture data, with the aid of a computer, are
rapidly coming into extensive use. The devices handling color pictures
differ in input/output characteristics  of expressible colors or
gradations, depending on the device sorts, such that, if the  color picture
data are simply exchanged between the devices of different sorts, the
colors reproduced become different from one device to another. For example,
if,  



when a picture displayed on a monitor is output as a hard copy on a
printer, the  color gamut that may be represented on a monitor differs from
the gamut that may  be represented on a printer, it may be an occurrence
that the color of a picture 16 March 2006 2 represented on the monitor
differs from that of a picture output as a hard copy by  the printer. As a
large variety of systems handling color pictures have been put to
practical use, the concept of a so-called device independent color in which
color  pictures of the same colors may be reproduced between different
sorts of the  devices on the system has become crucial. The system which
implements the  device independent color is generally termed a color
management system, a  representative example of which is Colorsync of MacOS
and ICM of Windows. In the color management system, the device independent
color is  implemented by matching physical colorimetric values of the color
signals of the  input/output device. Specifically, color signals of an
input picture from an input  device, such as a video camera 61, a scanner
62 and a monitor 63, are converted  into color signals in a device
independent color space (e.g. CIE/XYZ,  CIE/L*a*b*) based on a device
profile the color gamut conversion equation or the  color gamut conversion
table of which has been defined from one device to  another, as shown in
Fig. 1. When the color signals are output from output devices,  such as a
monitor 63 or a printer 64, these color signals are converted into output
color picture signals in the color space associated with the devices based
on a  device profile having a color gamut changing equation or a color
gamut  



conversion table defined from one device to another. Thus, if, with the
color management system, color signals are converted 16 March 2006 3  from
an input picture color signal of an input system to an output color picture
signal of an output system, the input picture color signal is converted
once into  color signals in a device independent color space, based on the
device profile, for  realization of the device independent color, as shown
in Fig.2. Meanwhile, the  device profile is a file in which a color gamut
changing equation or a color gamut  conversion table has been defined.
Stated differently, the device profile is a file in  which there are stored
a set of parameters calculated from the relation between the  color signal
values of the device (e.g. RGB or CMYK) and color values as  measured by
e.g. a colorimeter (e.g. XYZ or L*a:b*). In case the relation between color
signal values of a device and color  values of a picture realized by these
color signal values is non-linear, as in a  printer, the routine practice
is to use a lookup table (LUT) as a device profile. Color printing in a
color printer is realized by controlling the amount of  deposition of
colorants of cyan (c), magenta (m) and yellow (y) with black (k).  However,
in a control interface for each of specified printer types, color signals
for printing received in particular by machine types of general usage or
application are mostly not cmy(k) but RGB signals. Since picture input
equipment, such as digital cameras, output equipment, such as display
monitors,  or the application software, usually handle colors represented
in RGB, it is  naturally convenient to issue commands with RGB for printing
as well. It  



should be noted that the control interface means a so-called printer driver
software, 16 March 2006 4  operating on a calculating device, such as a
personal computer, distinct from the  printer, a firmware operating on a
calculating device mounted within the main  body unit of the printer, or an
electronic circuit within the inside of the main body  unit of the printer,
and denotes a processor for converting input color signals for  printing
into control signals for a specified printer. Inherently, RGB is device
signals, such as signals of monitors or cameras. Recently, as standard
encoding  in the sRGB color space [IEC 61966-2.1] has come into extensive
use, control  interfaces of printers of different types receiving these
data are now able to make  substantially common interpretation. However,
the color gamut reproducible with  a printer is locally wider than the
color gamut limited with the encoding of the  sRGB color space, such that,
if a printer receives signals encoded with sRGB, the  color reproducing
capabilities of the printer cannot be exploited sufficiently. On the other
hand, in the DCF Version 1.0 [JEIDA-49 2-1995],  extensively used in Japan,
there is shown a guideline for encoding picture data  with the YCC
(luminance chromaticity separation color space) uniquely  associated with
the sRGB color space. If, in the YCC not restricted to the color  gamut of
sRGB, the camera has also recorded data outside the sRGB color gamut,  and
if, in effecting color conversion of the recorded YCC for printer
outputting,  picture data is encoded once in the sRGB color space, data
recorded by the  camera. cannot be exploited sufficiently. Thus, in a
printer having an interface for  directly reading picture data, imaged by
e.g. a digital still camera, from a camera 



16 March 2006 5  or a recording medium, attempts are made to effect color
conversion of data,  recorded with YCC, based on a unique interpretation
which expands the color  gamut such as by allowing negative values in the
sRGB color space in the  processing inside the printer. However, when
imaged picture data of a camera  are sent to a printer driver on a personal
computer via e.g. an application software,  it is necessary for the
application software and the printer driver to make common  interpretation
as to the expansion of the color gamut. Thus, it is efficacious to use  the
standard color space which expands the color gamut of the sRGB color space
to enable the encoding, such as sYCC , for example, IEC61966 2.1 AnnexF,
the  standardization for which is currently proceeding in IEC, as in
Exit2.2 standard  picture file format standard Version 2.2 (for a digital
still camera). However, if the color gamut that can be encoded is expanded
to add the  information outside the color gamut, the information volume
inside the color  gamut is relatively diminished. If signals of three
channels is encoded by sRGB  and sYCC with the same data volume, the sYCC
is lower in density of the visual  information in a portion of the
perception-equal color space close to the  achromatic color contained in a
larger quantity in a natural picture. For showing  this example, Fig.3
plots the gamut of L* = 505 of values encoded with the  information volume
for both sRGB/sYCC on, a chromaticity diagram of the  CIELAB color space.
This leads to disruption of gray balance, pseudo-contour  and collapse in
gradation to deteriorate the picture quality. It is noted that the 16 March
2006 



6  information of the 4 [bit/channel] is formed as the values encoded with
8  [bit/channel] is uniformly decimated based on sRGB/sYCC. Meanwhile, in
the color management system, the device profile, used to  match the
colorimetric values among different devices, states the device color
reproducing characteristics in terms of the relation between device signal
values  (e.g. RGB or cymk) and color values (e.g. XYZ or L*a*b*). In the
case of a  device, such as a printer, this relation is generally expressed
in the form of a  lookup table. On the other hand, if a printer control
interface converts data for printing  of input signals (e.g. RGB or cymk)
into printer control signals (e.g. cymk) in e.g.  a printer driver software
operating on e.g. a personal computer, an appropriate  LUT, prepared from
the outset in consideration of color reproducibility of a target  printer,
is referenced to perform color space conversion calculations. Since the
LUT influences the color reproducibility, such a LUT having a large number
of  lattice points and thus having a higher density is preferably used in
order to obtain  high precision color reproducing results. If the storage
capacity of a recording  medium is taken into account, it is required to
prepare the LUT with a limited  number of lattice points. In the
above-described method for preparing the LUT,  grid positions are
calculated by equal division even in the chromaticity directions,  such as
a* or b*, the number of grid points of the LUT entering the device color.
gamut is small, and hence the amount of the information correlating the
device 16 March 2006 7 



signals and the color signals in the color gamut is small, with the result
that the  color reproducibility is not that good. In order to overcome such
deficiency, the present Assignee has proposed,  in the specification and
drawings of the Japanese Patent Application 2000-340456,  a color
correction processing method in which the grids of the LUT are not of
uniform intervals and non-linear positions obtained on applying a suitable
S- function are used to diminish the grid density in the vicinity of the
gray area. It is an object of the present invention to provide a picture
signal  processing method and a picture signal processing apparatus in
which this  technique for enhancing the efficiency is applied not to the
LUT referenced by the  conversion processing system for the printing data
but to the printing data itself to  render it possible to locally control
the encoding density in the broad color gamut  to improve the color
reproducing quality. Disclosure of the Invention Color signals output to a
printer and transmitted in a YCC color space  (luminance chromaticity
separation color space) may be converted into non-linear  form and encoded
to render it possible to control the encoding density locally in a  wide
color gamut to improve the color reproducing quality. That is, when encoded
color signals are received from a signal  formulating unit, configured for
encoding color signals for printing, and are sent  to a signal interpreting
unit configured for converting the signal into a printing 16 March 2006 8
control command for a printer, encoding may be carried out in a YCC color
space  



converted into the non-linear form. According to a first aspect of the
present invention, there is provided a  picture signal processing method
comprising, when input picture data by a  luminance chromaticity separation
space YCbCr is encoded into picture data for  printing, applying non-linear
conversion processing to the chromaticity Cb, Cr  by a non-linear function
f(c) to generate picture data for printing Ycb'Cr',  applying non-linear
conversion processing by an inverse function f'(c) of said  non-linear
function f(c) and color space conversion processing for matching to a
color space of an output device, to said picture data for printing YCb'Cr',
converting said picture data for printing YCb'Cr' which processed said
non-linear  conversion processing by said inverse function f (c) and said
color space  conversion processing, to picture data for printing
outputting. In a picture signal processing method wherein, when input
picture data by  a luminance chromaticity separation space YCbCr is encoded
into input picture  data for printing, the chromaticity Cb, Cr may be
processed non-linear conversion  by a non-linear function f(c) to generate
picture data for printing YCb'Cr'. These  picture data for printing YCb'Cr'
may be processed non-linear conversion by an  inverse function f (c) of the
non-linear function f(c) to perform color space  conversion matched to the
color space of the output device, thereby converting  the picture data for
printing YCb'Cr' into picture data for print outputting. 16 March 2006 9
According to a second aspect of the present invention, there is provided a
picture signal processing apparatus comprising non-linear conversion
processing  



means for applying non-linear conversion processing to the chromaticity Cb,
Cr  by a non-linear function f(c) to generate picture data for printing
YCb'Cr', in  encoding input picture data in a luminance chromaticity
separation space YCbCr  to picture data for print outputting, and for
applying non-linear conversion  processing to said picture data for
printing YCb'Cr' by an inverse function f'(c) of  said non-linear function
f(c), color space conversion processing means for  applying color space
conversion processing for matching to a color space of an  output device,
to said picture data for printing YCb'Cr', or to the picture data
converted by said non-linear conversion processing means; whereby the
picture  data for printing YCb'Cr' is converted to picture data for print
outputting by said  non-linear conversion processing means and said color
space conversion  processing means. According to a third aspect of the
present invention, there is provided a  picture signal processing apparatus
comprising means for generating picture data  for printing, said means for
generating picture data for printing applying non-linear  conversion
processing to chromaticity Cb, Cr, in encoding input picture data by  the
luminance chromaticity separation space YCbCr into picture data for
printing,  by a non-linear function f(c), to generate picture data for
printing YCb'Cr'; and  conversion processing means for applying non-linear
conversion processing, by  an inverse function f (c) of said non-linear
function f(c), to said picture data for 16 March 2006 10 printing YCb'Cr',
generated by said means for generating picture data for  printing, and for
applying color space conversion processing matched to the color  



space of an output device, to convert the picture data for printing YCb'
Cr' into  picture data for output printing. Other objects and specific
advantages of example embodiments of the  present invention will become
more apparent from the following detailed  explanation of preferred
embodiments which is now made with reference to the  drawings. Brief
Description of the Drawings Fig.1 shows the concept of a color management
system. Fig.2 shows the flow of processing for implementing
device-independent colors. Fig.3 shows the technique of color compression.
Fig.4 is a block diagram showing the structure of a picture signal
processing apparatus embodying the present invention. Fig.5 schematically
shows the contents of processing performed in a YCC 16 March 2006 11
picture formulating unit and a cmyk converter in a picture processing
apparatus  embodying the present invention. Fig.6 shows a non-linear
function used in non-linear processing applied  for raising the gradation
resolution in the vicinity of the achromatic color against  chromaticity Cb
and Cr in the picture signal processing apparatus embodying the  present
invention. Fig.7 shows the results of encoding the chromaticity Cb and Cr
in the  picture signal processing apparatus, embodying the present
invention, as the  



density is changed under application of a non-linear function f(c) shown in
Fig.3. Best Mode for Carrying out the Invention Referring to the drawings,
a preferred embodiment of the present  invention is now explained in
detail. The present invention is applied to a picture processing apparatus
100,  shown in Fig.4, as an example. This picture processing apparatus 100
is made up  by a picture processing application 11 and a printer driver 12,
both operating on a  personal computer 10 The picture processing
application 11is made up by a YCC picture data  readout unit I and a YCC
picture formulating unit 2. The YCC picture data  readout unit I reads out
a picture data file, conforming to e.g. the DCF Version  1.0 [JEIDA-49
2-1998], from a digital still camera 30 or a memory card 40, over 16 March
2006 12  a USB interface 21, and interpolates sampling pixels by YCbCr
4:2:2 or YCbCr  4:2:0, for obtaining color data of YCbCr (8 bits/ channel)
from one pixel to the  next. The YCC picture formulating unit 2, on the
other hand, converts the YCbCr  (8 bit/ channel) color data, obtained by
this YCC picture data readout unit 1, into  YCC (8 bit/ channel) for
printing, in order to transfer the information to a printer  driver 12. The
YCC color space here conforms to sYCC [such as IEC61966 2.1  AnnexG,
currently being standardized in the IEC]. The printer driver 12 is made up
by a cmyk converter 3, a half-toning unit  4, and a control command
translation unit 5. The cmyk converter 3 receives the  



YCC information for printing, prepared by the YCC picture formulating unit
2, to  convert the so received information into cmyk (8 bit/ channel)
picture data, while  the half-toning unit 4 applies half-toning processing
(processing of conversion to  2 bits each of CMYK per pixel) to the cmyk
picture data obtained on conversion  by the cmyk converter 3. The control
command translation unit 5 applies control  command translating processing
to the cmyk picture data, processed with  half-toning by the half-toning
unit 4, to generate a printer control command for  commanding picture data
printing. The control command translation unit 5  transmits the so
generated printer control command via a USB interface 22 to a  printer 50.
The printer 50 performs printing in accordance with the printer control 1 6
March 2006 13 command.  In the present picture processing apparatus 100,
the picture formulating unit 2 and the cmyk converter 3 execute the
processing shown in Fig.5. That is, during the picture data processing, the
YCC picture formulating  unit 2 encodes the YCbCr (8 bits/ channel) signal
of the received picture data into  a YCC signal for printing. Although Y
remains unchanged at this time, the  chromaticity Cb, Cr are converted by a
non-linear function f(c), shown in Fig.6,  for raising the gradation
resolution in the vicinity of the achromatic color, and the  resulting
picture data YCb'Cr' are encoded each in 8 bits, which are then sent to
the cmyk converter 3. The non-linear function f(c) used may be a non-linear
function f(x) shown  



in the following equation (1) : 0<x< 128 f x 128 x log(1 + k x (128 - x)) +
128  ( ) - - log(1 + k x 128) 128< x < 255 f (x) =127 x log(1 + k x (x
-128)) +128  log(l + k x 127) where k is a coefficient and log is natural
logarithm. The non-linear function f(x) may be represented by the following
general 16 March 2006 14 formula (2): 0cx<2n-' l log(1+kx '' - x))  (2 fW =
-2n-' x +2 n-I -' `  log(l + k x 2 2n-ICx<2n_1 f(x)=2 n -1-2 n-I x log(1 +
k x (x - 2'-')) + 2n-I  log(l + k x (2n -1- 2n-' )) 



..... (2) where n is the number of bits for encoding x. During the
initialization processing, which is carried out before starting  the
picture data processing, the YCC picture formulating unit 2 determines the
above equation as the non-linear function f(c) and formulates a numerical
table by  its inverse function f' (c) to send the so formulated numerical
table to the cmyk  converter 3. The table tabulates the results of the
conversion for 256 stages of 0 to  256 in 8 bits. During the initializing
processing, the cmyk converter 3 formulates a  three-dimensional LUT
(lookup table), having laid therein cmyk signals of the  printer 50,
corresponding to YCC signals for printing, as received from the YCC
picture formulating unit 2. The cmyk converter 3 refers to a table,
received from  the YCC picture formulating unit 2, to convert Cb and Cr at
NxNxN lattice points,  obtained on equal (N-1) division of each of the YCC
axes (0 to 255), into Cb' 16 March 2006 15  and Cr', respectively. In the
pre-recorded three-dimensional LUT, the cmyk  signals (8 bit/ channel) of
the printer 50, corresponding to the sYCC, are laid in  the NXNXN lattice
points. The lattice points on the same Y-plane of the  three-dimensional
LUT are referred to as a two-dimensional LUT to calculate the  values of c,
m, y and k corresponding to Y, Cb' and Cr' by interpolation  calculations
to record the calculated values. During processing of the picture data,
the YCC signals for printing, received from the YCC picture formulating
unit 2,  are converted into cmyk signals (8 bits/ channel) of the printer
50, from pixel to  



pixel, by interpolation calculations, such as linear interpolation, as
reference is  had to the three-dimensional LUT prepared at the time of
initialization. It is sufficient that the picture processing application 11
and the printer  driver 12 perform similar operations not on the personal
computer 10 but on  calculating units or on electronic circuits within the
other equipment or the printer 50. In a configuration in which the printer
driver 12 is not necessarily in  keeping with the YCC input, it is
desirable to discriminate whether or not the  printer driver 12 is in
keeping with the YCC input, in the picture processing  application 11, and
to omit the above processing when the printer driver is in  keeping only
with the RGB, in which case YVV is converted into RGB and  output. In case
the printer driver 12 is in keeping with the YCC input but is not
necessarily in keeping with the above-described non-linear code, it is
checked 16 March 2006 16  whether or not the printer driver 12 is in
keeping with the non-linear code in the  picture processing application 11
and, if the result of check is negative, it is  desirable to omit the
portion of the above processing which corresponds to the  non-linear
conversion. .For non-linear conversion in the picture formulating unit 2,
not the  equation but a table prepared in advance may be used. The
parameters of the nonlinear function f(c) transmitted from the picture
processing application 11 to the printer driver 12 need not be the above
table of  the numerical values and, if it is determined that non-linear
characteristics are  



expressed by a common predetermined numerical equation by the YCC picture
formulating unit 2 and a cmyk converter 3, the parameters of the numerical
equation may be used. In case plural common fixed non-linear function f(c)
are  presupposed for the YCC picture formulating unit 2 and the cmyk
converter 3, an  index representing the selection may be used. If the cmyk
converter 3 has a  specified intrinsic non--linear function, the numerical
table, parameters of the  numerical figure or the indexes, representing the
non-linear characteristics, may  be acquired by the picture formulating
unit 2 by loading from the cmyk converter  3. If a fixed sole non-linear
function f(c), common to the YCC picture formulating  unit 2 and the cmyk
converter 3, is presupposed, it is unnecessary to transmit the  parameters.
As for the information of the non-linear function f(c), transmitted by the
16 March 2006 17  picture processing application 11 to the printer driver,
it is sufficient if the YCC  picture formulating unit 2 generates and
transmits the parameters of the non-linear  function f(c) to be applied to
the picture data, and the cmyk converter 3 calculates  the conversion
corresponding to the inverse function f'(c), without it being  necessary
for the YCC picture formulating unit 2 to generate and transmit the
parameter by the inverse function f'(c) of the non-linear function f(c)
applied by  the YCC picture formulating unit 2 to the picture data. The
parameter of the non-linear function f(c), transmitted by the picture
processing application 11 to the printer driver 12, need not be that
determined by  the YCC picture formulating unit 2 solely from the inverse
function P(c) of the  



non-linear function f(c) as described above, but may be adjusted for
intentionally  acting on the print results. It is also possible to transmit
the parameters and apply the so transmitted  parameter separately without
applying non-linear characteristics common to Cb  and Cr. The function
f(c), which is non-linear on the chromaticity axes, need not  be vertically
symmetrical with the achromatic point (Cb = Cr = 128) as a  boundary, as
shown in Fig..3, but mat be discontinuous, as indicated by a  chain-dotted
line in Fig.6. The nonlinear coding may be applied not only to Cb, Cr but
also to Y.  The cinyk converter 3 need not formulate the LUT based on the
nonlinear 16 March 2006 18  YCC lattice points, at the time of the
initialization, but may perform  back-conversion of non-linear
characteristics of the YCC of the received picture  data at the time of the
processing of the picture data and convert the result by  interpolative
calculations, using the pre-recorded LUT by the even lattice points  of the
sYCC as a reference. The picture data transmitted by the picture processing
application 11 to  the printer driver 12 need not be the values of the
three pixel channels, encoded  by YCC, but may also be index values that
may reference the YCC color space. There are occasions wherein the
processing for adjusting the color or  lightness in the YCC color space is
performed in a pre-stage of the YCC picture  formulating unit 2 in the
picture processing application 11. The YCC picture data  



readout unit 1 may read out picture data from equipment, not shown, or from
the  network, or the YCC picture data readout unit 1 may be omitted, in
which case  the YCC picture is generated within the picture processing
application 11. In this manner, color reproducibility may locally be
improved in the color  space by converting the chromaticity components of
the YCC picture data into  non-linear components and transmitting the
components in appropriately changed  encoding density. Fig.7 plots the
range of L* = 505 of the values encoded with  the information volume of
YCC4 [bit/channel] on a chromaticity diagram of the  CIELAB color space,
which is the uniform color difference space, in the same  way as in Fig.3.
Specifically, Fig.7 shows the results of encoding obtained by 16 March 2006
19  applying the non-linear function f(c) to each of Cb and Cr to change
the density. It  maybe seen that the density in the vicinity of the
achromatic point becomes higher.  By raising in particular the density of
the vicinity of the achromatic point or the  skin color, it is possible to
improve the color reproducibility of a natural picture. Industrial
Applicability According to the present invention, described above, color
reproducibility  in the color space may locally be improved by converting
the chromaticity  components of the YCC picture data and transmitting the
components for  changing the encoding density appropriately. 16 March 2006
20  CLAIMS 



1. A picture signal processing method comprising, when input picture data
by a luminance chromaticity separation space  YCbCr is encoded into picture
data for printing, applying non-linear conversion processing to the
chromaticity Cb, Cr  by a non-linear function f(c) to generate picture data
for printing YCb'Cr',  applying non-linear conversion processing by an
inverse function f (c) of said non-linear function f(c) and color space
conversion processing for  matching to a color space of an output device,
to said picture data for printing  YCb'Cr', converting said picture data
for printing YCb'Cr' which processed said  non-linear conversion processing
by said inverse function f (c) and said color  space conversion processing,
to picture data for printing outputting. 2. The picture signal processing
method according to claim 1 wherein the  gradation resolution is raised by
said non-linear conversion processing in a  portion which is visually
crucial or which is desirably reproduced to high  definition. 3. The
picture signal processing method according to claim 1 wherein at least one
of the non-linear conversion processing and the color space conversion
processing  is performed by processing with an equation to convert the
picture data for  printing YCb' Cr' into the picture data for print
outputting. 4. The picture signal processing method according to claim 1
wherein at least one  of the non-linear conversion processing and the color
space conversion processing 16 March 2006 21  



is performed by referencing a pre-formulated lookup table to convert the
picture  data for printing YCb'Cr' to the picture data for print
outputting. 5. The picture signal processing method according to claim 1
wherein a lookup table is formulated by applying non-linear conversion to a
uniform lattice in a color space of picture data for printing YCb'Cr'
processed  non-linear conversion by said non-linear function f(c), by an
inverse function f (c)  of said non-linear function f(c), and by
calculating an output value matched to the  color space of the output
device in a non-uniform lattice obtained on said  non-linear processing by
said inverse function f(c); and wherein said lookup table is referenced for
converting said picture data for printing  YCb'Cr' into the picture data
for print outputting. 6. A picture signal processing method wherein, when
input picture data by a  luminance chromaticity separation space YCbCr is
encoded into input picture data  for printing, the chromaticity Cb, Cr are
processed non-linear conversion by a  non-linear function f(c) to generate
picture data for printing YCb'Cr'; and  wherein said picture data for
printing YCb'Cr' are processed non-linear  conversion by an inverse
function f (c) of said non-linear function f(c) to perform  color space
conversion matched to the color space of the output device whereby said
picture data for printing YCb'Cr' are converted into picture  data for
print outputting. 7. A picture signal processing apparatus comprising 16
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non-linear conversion processing means for applying non-linear conversion
processing to the chromaticity Cb, Cr by a non-linear function f(c) to
generate picture data for printing YCb'Cr', in encoding input picture data
in a  luminance chromaticity separation space YCbCr to picture data for
print  outputting, and for applying non-linear conversion processing to
said picture data  for printing YCb'Cr' by an inverse function F (c) of
said non-linear function f(c), color space conversion processing means for
applying color space  conversion processing for matching to a color space
of an output device, to said  picture data for printing YCb'Cr', or to the
picture data converted by said non- linear conversion processing means;
whereby the picture data for printing YCb'Cr' is converted to picture data
for  print outputting by said non-linear conversion processing means and
said color  space conversion processing means. 8. The picture signal
processing apparatus according to claim 7 wherein said  non-linear
conversion processing means raises the gradation resolution by said
non-linear conversion in a portion which is visually crucial or which is
desirably  reproduced to high definition. 9. The picture signal processing
apparatus according to claim 7 wherein at least  one of said non-linear
conversion processing means and the color space  conversion processing
means is formed by equation processing means. 10. The picture signal.
processing apparatus according to claim 7 wherein 16 March 2006 23  



a lookup table for performing at least one of the non-linear conversion
processing and the color space conversion processing is provided as said
non-linear conversion processing means and said color space conversion
processing means, respectively, and wherein at least one of said non-linear
conversion processing and the color space  conversion processing is
executed by referencing said lookup table. II. The picture signal
processing apparatus according to claim 7 further  comprising lookup table
forming means for forming a lookup table by applying  nonlinear conversion
processing to a uniform lattice in the color space of picture  data for
printing YCb'Cr' processed non-linear conversion processing by said
non-linear function f(c), by said inverse function f (c), and by
calculating an  output value matched to the color space of the output
device in the non-uniform  lattice processed the non-linear conversion
processing by said inverse function  f (c); conversion processing means for
referencing the lookup table formed by  said lookup table forming means for
converting said picture data for printing  YCb'Cr' into picture data for
print outputting. 12. A picture signal processing apparatus comprising
means for generating picture data for printing, said means for generating
picture data for printing applying non-linear conversion processing to
chromaticity Cb, Cr, in encoding input picture data by the luminance
chromaticity 16 March 2006 24  



separation space YCbCr into picture data for printing, by a non-linear
function  f(c), to generate picture data for printing YCb' Cr'; and
conversion processing means for applying non-linear conversion  processing,
by an inverse function f (c) of said non-linear function f(c), to said
picture data for printing YCb'Cr', generated by said means for generating
picture  data for printing, and for applying color space conversion
processing matched to  the color space of an output device, to convert the
picture data for printing  YCb'Cr' into picture data for output printing. 1
6 March 2006 25  Abstract Disclosed is a picture signal processing method
for outputting a color  picture. In encoding input picture data YCbCr into
picture data for printing in a  YCC picture formulating unit (2),
chromaticity Cb, Cr are processed non-linear  conversion processing by a
non-linear function f(c), with the luminance Y  remaining unaffected, to
generate picture data for printing YCb'Cr'. In a cmyk  converter 3, the
picture data for printing YCb'Cr', generated by the YCC picture
formulating unit (2), are processed non-linear conversion processing by an
inverse  function f'(c) of the non-linear function f(c) to perform color
space conversion  processing matched to the color space of an output
device. This converts the  picture data for printing YCb'Cr' into picture
data for output printing cmyk to  improve color reproducing quality by
controlling the encoding density locally in a  wide color gamut. 


