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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 pictux_"e 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 printér, it may be an occurrence that the color of a picture
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C...FUNCTION F(C) O.. CREATION OF | NVERSE FUNCTION E..

FF (O F...LATT?CE PO NT CREATION G ..NON- LI NEAR I NVERSE CONVERSI ON
"H. .. LUT I NTERPOLATION |...|MAGE DATA PROCESSI NG J...NON LI NEAR CONVERSI ON
LUT?i 6A% T (57) Abstract: An inmage signal processing nmethod for outputting
a color image. Wen a YCC image creation unit (2) encodes input image data
YCbCr to print inage data, the lumnance Y is kept as it is while
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cnyk converter (3) perforns a non-linear conver- sion by using an inverse
- functhegprinter.(c) of the non-linear function
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As a large variety of systems .handling color pictures havé been put to
 practical use, the concept of a socalled 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
implémented 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/XYYZ,

| CIE/L*a*b*) based on a device profile the color gamut conversion equation or the
célor 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 {o another.

Thus, if, with the color management system, color signals are converted




f(c) to the print inmage data YCb' Cr' created by the YCC i e reation
unit (2). A color space conversion is perforned correspond&ﬁﬁﬂﬁhgga?he
col or space ofan output device, so that the print inmage data YCb' Cr' is
converted to the print output image data cnmyk. Thus, encoding density is
controlled locally in a wide color range, thereby inproving the color
reproduction quality. 16 March 200631 Description Picture Signal
Processi ng Met hod and Picture Signal Processing Apparatus Technical Field
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Recently, reduction in cost and increase in the processing speed in devices
handbigngl ol asr opiput systeoat heampup pogines sohy pnaldisl goraredied endespPng pace
therewith, a wide variety of systens, handling color pictures, exenplified
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operations, including color picture data, with the aid of a conputer, are
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differ in input/output characteristics of expressibl-e colors or

differiin i tput character colors or
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colors reproduced becone different fromone device to another. For exanple,
i f, 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 (ILUT) 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 printgr 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,




when a picture displayed on a nonitor is output as a hard cqQpy on

printer, the color ganut that may be represented on a nnﬂﬁﬁ&@tgpg&%rs from
the ganut that may be represented on a printer, it nay be an occurrence
that the color of a picture 16 March 2006 2 represented on the nonitor
~differs fromthat of a picture output as a hard copy by the printer. As a

| arge variety of systens handling cal or pictures have been put to
practical use, the concept of a so-called device independent color in which
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i npl ements the device independent color is generally termed a col or
managenen} asfistienye aperapiesana atalmdagngrdevéceoinoited wrh@other myame of MacCS
and | CM of Wndows. In the col or managenent system the device independent
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i nput picture froman input device, such as a video canmera 61, a scanner
62 angitafrthei prontef Andadenates aegproedssar foo conventing mpak color sigdadsifor
I ndependent col or space (e.g. CIE/ XYZ, ClIE L*a*b*) based on a device
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Fig. 1. Wen the color signals are output from output devices, such as a
noni signalB3soch as pignaleof édonitdrsser coherassi Qreaestlnras stendandt entcoding out put
color picture signals in the col or space associated with the devices based
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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 sSRGB, the
color reproducing capabilities of the printer cannot be exploited sufficiently.
On the other hapd, in the DCF Version 1.0 [JEIDA-49-2-1998],
'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 sSRGB 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 haifing an interface for

directly reading picture data, imaged by e.g. a digital still camera, from a camera




conversion table defined fromone device to another. Thus, if, wth the
col or managenent system color signals are converted 16 Ndﬁ@ﬂm?bégm% from
an input picture color signal of an input systemto an output color picture
signal of an output system the input picture color signal is converted
once into color signals in a device independent col or 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 ganut
changi ng equation or a color ganut conversion table has been defined.

St at edr @i Féir@ity Ynedili®, d@tengsis e mh@e 1t @ffédt! €lop covesion e @atar e stored
a set of paraneters cal culated fromthe relation between the color si gnal

val ues of _t RGB or., CWK) and col or, val ues ured by
e.g. Ecosd %&.\W&Zﬁfﬁﬁeﬁ:@s doen @rumqgegn;erpreﬁamévlpﬁ Q@aélgﬁdfh %en col or
signal values of a device and color values of a picture realized by these

col or gam@paduchiahs @y afloRdfig! héiBfive 28lued A RY ISN@B célog dpackiimethy actice
(T
is to"use a | ookuptable UT)" as a device profile. Color printing in a

col or i nter [ zed by ntrolli t.he anmount of.  de 03| tion of
col orHﬁl‘?Sﬁﬁlgcl}lé (@’? PiRlgENt gl%("%‘ﬁ"%nﬂf?lgﬁlm@ﬂego 1ctyre lagi 9 ka FRCI2 However
in a control interface for each of specified printer types, color signals

for pateento hgeRitvedrivér PR atpegsoral coin jine. fcaﬁen@mﬂwa:a,age or
application are nostly not cny(k) but Si gna | nce pi cture input
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in RGB, it is naturally convenient to i ssue comands with RGB for printing
as Wejdterpirétation 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 sSRGB color space
to enable the encoding, such as sYCC , for example, IEC61966-2.1 AnnexE, 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 écﬂor 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* = 5045 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




shoul d be noted that the control interface neans a so-call 34% h(? driver
software, 16 March 2006 4 operating on a cal cul ating devilg ) 1]2 f%ris a
personal conputer, distinct fromthe printer, a firmvare operating on a
cal cul ating device nmounted within the main body unit of the printer, or an
el ectronic circuit within the inside of the main body wunit of the printer,
and denotes a processor for convertigng i nput color signals for printing
into control signals for a specified printer. Inherently, RG is device

ancomipnRieh, BE el G Eho Al Tolfed SREUE altat thitiaed WACH: Crci ve

use, control interfaces of printers of different types receiving these
dat a[bit&haancB it entformbkdecisated basedabh gREBAVCCnt er pret ati on. However,
the col or gamut reproducible with a printer is locally w der than the
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capabilities of the printer cannot be exploited sufficiently. On the other
handmatohtthe &IBrixemtsc oralded apddEgDAiffarept R9ijes, stteetlsd delvyceuseldri n Japan,
there is shown a guideline for encoding picture data wth the YCC
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sRGB, the canera has al so recorded data outside the srR@ col or ganut, and
if, (agefR@Bt bngyok)oand eol@r salwes oke.g. W Yize oorldtai b¥ECIn dhe rasat @l a
outputting, picture data is encoded once in the sRG col or space, data

b _ . L cient .
L?f(r)lp gfﬂﬁaéluégeaasn&iini etr@]f’a@?? glﬁatlggi ggg‘%@){ggﬂaglﬂ négsglﬁgi?l utl’ge ggl?gsofl ?rgggd by
e.g. adigital still canera, froma canera

lockup table.
On the other hand, if a printer control interface converts data for printing
o.f input signalé (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 fbr 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 5 or a recording nedium attenpts are nade tqQ effect color
conversion of data, recorded wth YCC, based on a uni quelﬁﬁ\f{@%?@ﬁ%ti on
whi ch expands the color ganmut such as by allow ng negative values in the
SR& col or space in the processing inside the printer. However, when

i mged picture data of a canera are sent to a printer driver on a personal
conputer via e.g. an application software, it is necessary for the

appl i cati.on,sof re and.th rinter. driver .to ke .co n _jnjerpretation
2Py o T ISR AR TS SR sientis My Solor 2etihds Salh it ThecHsnls bt Beuse ¢ he
standard col or space whi ch expands the col or ganut of the sRGB col or space
t o enablmlerrepmlvethility, issnot thaigoed¥CC , for exanple, |1EC61966 2.1 AnnexF,
the standardization for which is currently proceeding in IEC, as in
Exit2.2 standgrgdePi el &ich k [ igital
still canera). Hoa/ej\[/(gw&?%)ﬁltehe chiéc})?r% %@#ﬁw %%tsé/@;%b%gn %n%%sél%@{pioge&éixpanded
to add t.he, information outside t ol or gamut, the infor i.on, vol unme

| nsi de tiRANGSPGSHCmM AN dramings 9% e JapaTiesh b alral Anp?wgtl%aﬁ@é-égoit ee
channels is encoded by sRG and sYCC with the sane data vol une, the sYCC

i's | owera colodeosietiiomprodessingsmathodi inf whiglt thengiids af phe LN a9é rioh&f
per ception-equal col or space close to the achromatic color contained in a

| ar ger i I 1R - EQr 1 i 1okl Q.3

o ot's ¢ rgrt Yol 4Bl il LReGE HhGriod ol R AR, ablying sIRARIe 819, 0, e
for both sREB/sYCC on, a chronaticity diagramof the_ ClELAB col or space.
This | edHEcHQR %I‘Psﬂsﬁglt‘i’ drmpshythg\erhdensety 1n the viginiboaf thergranateacol | apse in
gradation to deteriorate the picture quality. It is noted that the 16 March

2006 It 15 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 signai
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




6 information of the 4 [bit/channel] is formed as the val en ed with
8 [bit/channel] is uniformy deci mated based on sR@/sYC&gmﬁ%aﬁqd e, in
t he col or nmanagenent system the device profile, used to match the
colorinetric values anong different d&vices, states the device color
reproduci ng characteristics in terns of the relation between device signal
values (e.g. R@ or cynk) and color values (e.g. XYZ or L*a*b*). In the

case of a device, such as.a printer, this relatjon.is erally expressed
in the MO Poﬁlmar%ﬁicgm RTHYPe .enéﬂ‘%fl ANy E%Pa%ﬁﬁ‘o‘?mim aagéﬁ ‘Fﬂai@? g/I?:'%S‘*ﬁt rol
i nterface converts data for printing of input signals (e.g. R& or cynk)

i nto pricuneerteditoahe aogdimear foeny. cynk) in e.g. a printer driver software
operating on e.g. a personal computer, an appropriate LUT, prepared from

the outset in e [ I r ci bl i -4 rinter,
S referencecfﬂx {';%H}pe%f %"?%@@F %%pésbgadg{ethg%g%i %lgaéﬂg{’%u@g{e%sngf&@?%%g t he

LUT influyences .the color ;reproducibility, such a LUT having a | arge nunber
of | at tReRr§ciignal AHFEINHIS MEWOHgCOMPIISHEs WReRiIRPU, PIGTRES dattby ased i n
order to obtain high precision color reproducing results. If the staorage

capaci t usiinance esteoiiatigity sEshration spdcakeqblntie emesdedhinto igictute degufored to
prepare the LUT with a limted nunber of lattice points. In the
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a* or b*, the nupber of grid points of the LUT entering the device color.
ganut i P¥smanen-linear Haneeon HEC)a i ganestte t pisture f datarefior oprintng Y eh’Chg t he
device 16 March 2006 7

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~1inear 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.




signals and the color signals in the color ganut is small, wt e result
that the color reproducibility is not that good. In ordeﬂﬁﬁ%mg@é&gbne such
deficiency, the present Assignee has proposed, in the specification and
drawi ngs of the Japanese Patent Appli8ation 2000-340456, a col or
correction processing nmethod in which the grids of the LUT are not of
uniformintervals and non-1linear positions obtained on applying a suitable
S- function %&e uaﬁp to dimnish the.grid densitg in the uicinLtg of the
gray area. |t FROTHINE) 2 8ecqmd 4REChPE tsPressRidRY FtPT: i s ipaevided act ur e
signal processing nethod and a picture signal processing apparatus in

whi ch t hpisture sigmal goeceksing eapiparedus) gomipeisafy han-tnesr canvapgibh gutocassingo t he
LUT referenced by the conversion processing systemfor the printing data

but to t POt dat.aJf f J Ik ] : ntr ol
the encoc ?%Ig’r ggndgiitv gnlﬁ)t%féﬁﬁrocggﬁg% 1(2{?%8{%0%%{11@? ?)Stlh%:?lcﬂ)é/rga‘ltlﬂga??l’/ cg%io
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separation col or space) may be converted into non-linear formand encoded

t o r endesncotlingompubpictive datain allutdirareeccdon@tiden separation abhge ¥ICHr wi de
color ganut to inprove the color reproducing quality. That is, when encoded

or g the color rey lity. T nen enc
encodi ngScBIareahafE FEf SRRk U, fof BBUEL ' h-HBkde CBRRREH T ot Thg

unit configured for converting the signal into a printing 16 rch 2006 8
cont r ol RISRERSHIE tooRidpisturadata Tog prBwinggY rhyCib by inverse C‘qlqnh%(cc)@ col or

oPase 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 Ch, Cr, in encoding input picture data by
the luminance chromaticity separation space YCbCr info 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




converted into the non-linear form According to a first ct t he
present invention, there is provided a picture signal prggggﬁpmgéq%thod
conpri sing, when input picture data by a |um nance chromaticity separation
space YCbCr is encoded into picture d&ta for printing, applying non-linear
conversion processing to the chromaticity Cb, C by a non-linear function
f(c) to generate picture data for printing Ycb'Cr', applying non-linear
conver si_on .pro Sing by an. inyerse functiop f'(c f sal nQn- | Lnear
Funct o tie Seb K80 eugins T S8, Mg e gbidrativeg, ifivenifly 13- a

col or space of an output device, to said picture data for printing YCb' C',
conver t ipripting, dngifer appdyuet colonspaseiconiexgiorQaroCessing nwttchpddodbe edlarai d
non-|inear conversion processing by said inverse function f (c¢) and said
col or. spRGEe of ARVAIEHCAHESCRSSIMrt #R Pchlrd Gt %Imfiﬂﬁnga NI RO jnto
outputting. In a picture signal processing nethod ereln, when input

pi cture data | um pance chromaticity separation space YCbCr is encoded
into inéﬁ&nﬂ?8%ﬁ¢§r°W§ng?ﬁ?n%rinting, the chromaticity Cb, O nay be
processed non-1linear conversion by a non-linear function f(c) to generate
pi cture dat a Qiher whijedts mpdYspeciiic .advhetages pif cdxanepléag¢mbddimauts ntfi thg YCb' Cr'
may be processed non-linear conversion by an inverse function f (c) of the

non-1lin Nt (et fo o] a cpnv i - to the
col or sggésegd(gf ﬁgﬁght p%%}p gg‘?lélg, %ér%%@n%@rr?i S ?‘5@%‘9{3‘5&% tg&@% ata for
printing YCb'Cr' into picture data for print outputting. 16 March 2006 9
Accor di regplanatios ef qrafeariseembodiments pridelens nowvmade onith referendestopthevi ded a
pi cture signal processing apparatus conprising non-linear conversion

pr ocessidggwings.

_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.d4 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




means for applying non-linear conversion processing to thiﬁﬁaro b%{ity Cb,
Cr by a non-linear function f(c) to generate picture data ?EEE . ing -
YCb'Cr', in encoding input picture data in a |um nance 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 funcijon f'(c) of said non-linear function
f(c), color space conversion processing nmeans for applying col or space

conver si ' . j a.col or. ce of an_ out devi ce,
o s BiuRy SmRaaRRe i, hd ML bl iR iR Fustss O, Brafilhs
converted by said non-linear conversion processing neans; whereby the

pi ct embodyang theopregentminvagtinth' Cr' is converted to picture data for print
outputting by said non-linear conversion processing nmeans and sai d col or
Space conv | S5{: . ing to a third a i t he

o esent 1 bR RafER iR AR Bon G i Afpctfuey et b BE EBPHEN appar at us
~conprising nmeans for generating picture data for printing, said neans for
genefait fmgingithe gradatinmrdsotutpon it thegvappty ofi ghe achidmeir coloomgairst on
processing to chromaticity Cb, C, in encoding input picture data by the

| um : tich . raf. 3 Y i i et r

| um BARSAAGLEPTH AR [ ASRBLAARY AR Bro g MO MR
printing YCb' Cr'; and conversion processing neans for applying non-Ilinear
convpreseahinyestiessi ng, by an inverse function f (c) of said non-linear
function f(c), to said picture data for 16 March 2006 10 printing YCo' Cr*,
generat ed fip PINEWIPHISdsllis AANEAHAIRS REUHIbMAIRYG EBan® ik B and for

appl yi ng col"or space conversi on procéssing nma e col or

picture signal processing apparatus, embodying the present invention, as the

density is changed under application of a non-inear 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 expiaiged in detail.

The present inyention 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 pfocessing 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 1 and a YCC picture formulating unit 2. The YCC picture data
.readout unit 1 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




space of an output device, to convert the picture data for@ﬁg nt i 8 YCb'
Cr' into picture data for output printing. Oher objects a@:&i‘e@ %ic
advant ages of exanpl e enbodi nents of the present invention will becone
nore . apparent fromthe follow ng detailed explanation of preferred
enbodi nents which is now nade with reference to the draw ngs. Brief
Description of the Drawings Fig.1 sfipws the concept of a col or nanagenent
system Fig.2 shows the flow of processing for inplenenting

dev! . cand ' ' of - Gol pr i on.
doe SOSMIEESI HARR SR SR s TYUiod Zalgrycotpr oo on

processi n% apgar_ atus enbodyi nfq the present invention. Fig.5 schematically
showd:2:Ae fennblamiaggioler datasef NGCper (Brhiisd chanaelyd®meonm pexeldoobe1r

picture formulating unit and a cnyk converter in .a picture processing

appa@@%ﬂsl“he iﬁi&ﬂrﬁtib%rﬁﬂgﬁ %hnﬁt”f,e(ﬂ{ Hfén?th'é'f ﬁaﬁd?&‘}l‘(’@er% fienyCoegar
functron ‘'used 1 n*non-11near processing applied or ralsing the gradation
resolution in the vicinity of the achromatic color against chromaticity Cb

and €3 bivi chaengl) eoloredata gelininndoby skisny Cappistancudate vbadRutitnit Aelntgr esent

I nvention. Fig.7 shows the results of encoding the chromaticity Cb and Cr

: Rvéﬁng@gﬁazfngﬁ%r MrREETS iR DratPey fhHsfer AL AHokAAtbRGORS BEARY
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-foning processing (processing of conversion to 1

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 gencrate a printer control command for
commanding picture data pfinting. The ‘control command translation unit 3
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



. Fig.3. Best Mdde for Carrying out the Invention Referring

density is changed under application of a non-linear funct,i f hown in
1@8\2Fﬁé8®6§w ngs,
~a preferred enbodi rent 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 exanple. This picture processing apparatus 100
is nade up by a picture processingjgpplication 11 and a printer driver 12,
both operating on a personal conputer 10 The picture processing
application,11is made up by a YCC picture data readout unit | and a YCC
pi ct EPERl ating unit 2. The YOC picture data readout unit | reads out
a picture data file, conformng to e.g. the DCF Version 1.0 [JEIDA-49
2-1998], fIwmhe pié@int Pictsire Iprocessing appaaitusy 100diey ptetuct 40muolatingl6 Mar ch
2006 12 a USB interface 21, and interpol ates sanpling pixels by YCbCr
4:2:2 qr, Y 4:2:0, for gbtainjng color data of Y (8 bits/ channel)
fr ontbfte 78 Sfe eviconvr 3 Sl ittt St SRR St ¢ 2 on ¢ he
ot her hand, converts the YCbCr (8 bit/ channel) col or data, obtained by
this YCC pThttiss diring theagieutreudata frocessing, HeCY X ipitthre fiormelafingor
printing, in order to transfer the information to a printer driver 12. The

YCC col,oy _spagce .her nforms,to sYCC I such.as | G
cur r SRt BB (BF SFaEC RS et aaf O B e AR e g BN S e up
by a cnyk converter 3, a half-toning unit 4, and a control conmand
t r ang| 0O rsignalt f&. plineingmykithonglerY ereraine cenclemgeteat 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

log(1+k = (128 — x)) +1

- f(x)=-128x _
log(1+ k x128)

28

128<x <255

| £(x) = 127 x log(1+kx(x—128))

log(1+k=x127)

+128

“where k is a coefficient and log is natural logarithm.

The non-linear function f(x) may be represented by the following general




"YCC information for printing, prepared by the YCC picture forrrugahi ng unit
2, to convert the so received information into cnyk (8 bi ¥/ Metch %ﬁ)
picture data, while the half-toning unit 4 applies half-toning processing
(processing of conversion to 2 bits each of CWK per pixel) to the cnyk
pi cture data obtained on conversion by the cnyk converter 3. The control
command translation unit 5 applies gpntrol command translating processing
to the cnyk picture data, processed with half-toning by the half-toning
uni t 41 61%1(%2,ner ate a printer control command for comrandi ng picture data
pri nf‘i"r%. “control command translation unit 5 transmts the so
generated -printer control command via a USB interface 22 to a printer 50.
The 6&1&%\2’1’50 performs printing in accordance with the printer control 1 6
March 2006 13 command. |In the present picture processing apparatus 100,
the picture fornul ating uni_Sr 2 and the cnyk converter 3 execute the
pr oc sbrlg_ L’L@V}\ﬂd@ﬁlﬁb’ﬁ@" hax))i‘ﬁ ~during the picture data processing, the
- YCC pitétdre fornulﬁl rg y?nh)z e g'odes the YCbCr (8 bits/ channel) signal
of the received pi gf elﬁla a ¥nto a YCC signal for printing. Al though Y
remai ns unchanged at this tinme, the chromaticity Cb, C are converted by a
non-{lia-nga}[ <f2nn_ct1i on f(c), shown in Fig.6, for raising the gradation
resof'ution i'n the vicinity of the achromatic color, and the resulting
picture data YCb' Cr' are encoded each in 8 bits, which are then sent to
t he cnyk converter 3. :rJ nearyfunction f(c) used may be a non-1linear
f uncfi(en=fI% 1 stainx Mim% b{ 2 )_j +277! .
logl+k=x(2"-1-2" )

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 O 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, correspdnding to YCC signals for printing, as received from the YCC
picturé 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”




in the follow ng equation (1) : O<x< 128 f x 128 x log(1 + k (128 - x))
128 () - - log(l + k x 128) 128< x < 255 f (x) =127 X |dé(1\iamh@9§(x
-128)) +128 log(l + k x 127) where k is a coefficient and log is natural

l ogarithm The non-linear function f(x) may be represented by the follow ng

general 16 March 2006 14 formula (2): 0Ocx<2n-' | log(l+kx '" - x)) (2 fW=
-2n-" x +2 n-1 - 7 log(l + k x 2 @n-1Cx<2n_1 f(x)=2 n -1-2 n-1 x log(1l +
k x (x - 2°-")) +2n-1 log(l + k x (2n -1- 2n-' ))

and Cr’, respectively. In the prerecorded three-dimensional LUT, the cmyk
signals (8 bit/ channel) of the printer 50,'co1‘responding 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 ¢, m, y and k con‘espohding 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 peré.on‘al 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




e (2) wh i h nmb f bi f di : [
..... (2) where nis the nunber of bits for encoding x P;Hﬂ%ﬁfl%%

initialization processing, which is carried out before s

pi cture data processing, the YCC picture formulating unit 2 determ nes the
~above equation as the non-linear function f(c) and fornul ates a nuneri cal
table by its inverse function f' (c) to send the so fornul ated nunerical
table to the cnyk converter 3. Thggable tabul ates the results of the
conversion for 256 stages of O to 256 in 8 bits. EUring the initializing

pr OC%%'tl'qub(fltll)&?[ iﬁgy\ﬁﬁ'uﬁgr\dﬁ 12315 18%@;%@@ with Hehﬁtfﬁ" %l]h GQ? 9859 q?lrthe%gr

(1 ookup hereinc |gna r|nte
corresponding to YCC S|gnals for printing, as received fronlthe YCC

pi ct piogueopradeasinggapplicatipn Theamhyif thentesniteof Sheek dssnegataves ablie,
received from the YCC picture formulating unit 2, to convert Cb and Cr at

B 95 T, poPhShr B SHoS8 RbGEMR il SR RlndeRlnt {1, YO

pre-recorded three-dinmensional LUT, the cnyk signals (8 bit/ channel) of
t he ptbnﬂmarémv&mmmspondl ng to the sYCC, are laid in the NXNXN |lattice
points. The lattice points on the sane Y-plane of the three-dinensional

LT are rohg ke ks contdSigh T5NHeO Rt Foh bt A oy W ues of

m y and K correspon by 1'n ol ati on | ati ons
to record the cal cul at ed val ues. Duri n% processi ng of the picture data,
t he aq@twindndiastably prapared ngadvaaseimay bensedt he YCC picture fornul ating
unit 2, are converted into cnyk signals (8 bits/ channel) of the printer

50, from prpeehatatheters of the non-inear 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 com;erter 3, the parametérs 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 ursed. If the cmyk converter 3 has a
specified intrinsic non-linéar function, the numerical table, parameters of the
numerical ﬁgufe 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-inear 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




pi xel , by interpolation cal culations, such as |inear interpolatiaon, as
reference is had to the three-di nensional LUT prepared at QM@C?QH%M
initialization. It is sufficient that the picture processing application 11
and the printer driver 12 performsimlar operations not on the personal
conputer 10 but on calculating units or on electronic circuits within the
ot her equi pment or the printer 50. {p a configuration in which the printer
driver 12 is not necessarily in keeping with the YCC input, it is

coopeRg POt R BTt 1, Wi bl MtEr ALLHAGM PGS 11 ana

to omt the above processing when the printer driver is in keeping only
wi t h pictardfE@Bmulatinpivoit 2 gererdied drsl wamurits die patameaREB ofriie nontjwear | n case
the printer driver 12 is in keeping with the YCC input but is not.

ChocTutetes fie) i BEEisRel b Tnt BRoapRey R FaG IO B R BvaRE 2 00 ' ©

keeping with the non-linear code in the picture processing application 11
and, thd adversion! toroéspomdihg ite theganverse function 8«s),r without at opéingt he
portion of the above processing which corresponds to the non-I|inear

. ' : y . n . . it 2,
ot TRat ey 150 snERICC BRReCRTIEHAR dile 20 BLALME ahd G Ghi M ™
paramnmeters of the nonlinear function f(c) transmtted fromthe ({)i cture

pr oc pasimeten byl theanverselfunction f&(rafrthernan-livear fimctiead(eotpmpléed hg above
- .table of the nunerical values and, if it is determned that non-Iinear
char et YItE biGaréfdimulating unit 2 to the picture data.
The pararﬁeter 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
tﬁe YCC picture fbrmulating unit 2 solely from the inverse function f*(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 non-iiiear coding may be applied not only to Cb, Cr but also to Y.

The cmyk converter 3 need not formulate the LUT based on the non-linear




expressed by a common predeterm ned nunerical equation by the Y jcture

formulating unit 2 and a cnyk converter 3, the paraneterslénd?ﬁggn@%erica
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 cnyk
converter 3, an index representing the selection may be used. |If the cnyk
converter 3 has a specified intrinsdc non--linear function, the nunerical
tabl e, paranmeters of the nunerical Tigure or the indexes, representing the
. non-|linear characteristics, nmay be acquired by.the picture formulating
uni t YX by lpigisgi mpiptsonit ndiec jire c Ghv &he einitigliztion, futednasy BEHBHY i near
function f(c), conmmon to the YCC picture fornulating unit 2 and the cnyk

convghéelcodversfo® b%%pﬂﬁéﬁhcﬂa&'aétépk'ﬁ'&e%%E@VYYCCOOF fRNEekivedNSiciar amet ers.

As for the information of the non-linear function f(c), transmtted by the
16 March 2006 17 picture processing ap&l}fiﬁcati on 11 to the print gr driver,
it i dagunt the tme of thaorocessigg of the piswredaia mgdusenvest fameeadedyand

transmts the paraneters of the non-linear function f(c) to be applied to

the pite &i@@bﬁlaﬂﬁ%ﬂsb%s&?#ﬁ@{yﬁcb?ﬁ%% 193 WY HeLever DRLEOPERARI ON

corresponding to the 1 nver ion ' (c), wthout 1t being” necessary
for the Y icture fornmulating unit 2 to generate and transmt the
paraﬁﬁ}@r%&%aifﬁfﬁé@%-functi on f'(c) of the non-linear function f(c)
applied by the YCC picture fornmulating unit 2 to the picture data. The

paraneter Phe tﬂiétﬂi‘@_r&a'té @@%&nﬁﬁé@@ﬁﬂlé bﬁ)turé [)%t%@ihge&bﬂlibaﬁ% Pl gbure
processing application 11 to the printer driver 12, need not be that

. det i ned by, .the, YCC pi ct f | at i it | el t i
fﬁnggrhrtcloarelpgqgldrb\ferte ]% nee In%t '[‘l)réetheO\;a uesaolf ?lge ﬁnlrlee pzlxeszlocﬁa netlsr,oeq]lcoggdl nverse

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 belomitted, 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* = 5045 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




non-linear function f(c) as descri bed above, but may be adjuste
intentionally acting on the print results. It is also pogéilﬁﬁréﬂ?@%ransmt
the paraneters and apply the so transmtted paraneter separately w thout
appl yi ng non-1linear characteristics conmon to Cb and C. The function
f(c), which is non-linear on the chromaticity axes, need not be vertically
symmetrical with the achromatic poi (Cb = C = 128) as a boundary, as
~shown in Fig..3, but nmat be disconti‘huous, as indicated by a chain-dotted
line in Fig.6. The nonlinear coding nmay_ he applied not oTIy to, Cg[ﬁ Cr but

al soapplymg theneorciingar Buetion Ke) ® easddihob angrpuioehangsdhedensi¥dl on t he
nonl i near 16 March 2006 18 YCC |lattice points, at the tine of the

i ni talhzakl aBY; i heRicOboi hmeghigher.

char Y 08 AP et e A I oD et = of the
processing of the picture data and convert the result by interpolative

cal cBiataising, inpartigulen she densisy e dhe viciityyok fie aghspmatic P%@tﬁéitﬁ?s of the
SsYCC as a reference. The picture data transmtted by the picture processing
appl Lcatd -l | ol H8&d it@se Oof the

~thr e%]ﬁ%&déﬁr,éﬁgﬁgf%!?@gcﬂ% Ié(g\fe %1;/3 d@% IJ‘%ﬁt rral;ﬂ;atps?g% b%étiﬁﬁadlgjx val ues t hat
may reference the YCC col or space. There are occasions wherein the
processing for adjusting the color or- lightness in the YCC col or space is
performed in a pre-stage of the YCC picture formulating unit 2 in the

Pi Ct i fusBiACKPplEbiRAP! I cation 11. The YCC picture data
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.




readout unit 1 may read out picture data from equi pment, not shown, or from
the network, or the YCC picture data readout unit 1 may Béh@ﬁ?hggﬁi I n

whi ch case the YCC picture is generated within the picture processing
application 11. In this manner, col or20reproducibility may locally be

I nproved in the color space by converting the chromaticity conponents of
the YCC picture data into non-I|in€aAIMSponents and transmtting the
conponents in appropriately changed encoding density. Fig.7 plots the
range ofy L .= . ; the information vol une of
YCCA [bilt' cﬁ%r?%gﬁf@%%bg&ceﬁ%ﬁ?@%38{31%5%?{%% of the ClIELAB col or space,
which is the uniformcolor difference space, in the sane way as in Fig.3.
Speci fical |y, Fihen gRELWPIgtwe dada Y & pmpspcsoshsgmaticity separaiion 80ager ch 2006
19 applying the non-linear function f(c) to each of Cb and O to change
the densYCHCr istencodydiategieturs dat fohpriggngi ty in the vicinity of the
achromati c point becones higher. By raising in particular the density of

| mpr ove. the” ool BPWLRF BARTRIsef eBgbtbiol pisEeifd iF fSFBlomideibieBFY ™ ° 10

Applicahility Accordi ng to the present invention, described above, col or
r epr odudi¥bi porineppfungion d{@to geperetepigture data fpr painting Ve €y converting
the chromaticity conponents of the YCC picture data and transmtting the
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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’(¢) and said color

space conversion processing, to picture data for printing outputting.

2. Thé 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 Whergin 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




1. A picture signal processing nmethod conprising, when input picture data
by a lum nance chromaticity separation space YCbhCr is end8ddych APy pi cture
data for printing, applying non-linear conversion processing to the
chromaticity Cb, G by a non-linear Flunction f(c) to generate picture data
for printing YCb' Cr' app!l yi ng non-|linear conversion processing by an

i nver se i pecfarmedfby nf)fewhcm 2 profermulated lookup itable fi¢ cpnuert the pmturepace
conver si on proce53|ng for matching to a color space of an output device,

to said cPdt&TéF\}% AYTY CProthé E%M%%t@foppﬁﬁ’lﬂﬁ%ﬁﬁlﬂ said picture data

for printing YCb' Cr |ch processed sald '"non- ear —conver si on processing
by said rse functl C I d c onversi on processing,
to pi cttﬁgﬁﬁi tu'i‘%ﬁl%l@ H’chﬁ %ﬁjﬂfgtﬂqcf g‘Fﬂé’% f@’ "dPgnal processing
met hod according to claim 1l wherein the gradat ion resolution is raised by
sai d non-1Ii near aclnoiapstable pr fiwesdatad byn applyixgg miondindair cloniversiors talal y
crucial or which is desirably reproduced to high definition. 3. The
picture E:Pﬁi 1 | Ve ast one
of the nl%ir% neﬁlegﬁ\%e?@f)g%b%@gggﬁy ng ang @ﬁgd 51 spagg %%%Segreg on

processi i s perforpe rocessin uatjon taq conve t the
picture R lin 1§25 CONYELSiAN onclinear tzcweﬁg] \Aeinygisg Tpagtion ')
outputting. 4. The picture S|gnal processi ng nmethod according to claim1
wher ei n ditsalach-lioger finictibheé(0)pmd byealcutaingears bapupvelae ssatoeditudthiehe col or
'~ space conversion processing 16 March 2006 21

color space of the output device in a non-uniform lattice obtained on said

non-linear processing by said inverse function f(¢); 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




I's perforned by referencing a pre-formul ated | ookup table to convert the
picture data for printing YCb' O’ to the picture data forlopfagh 2006
outputting. 5. The picture signal processing nethod according to claiml
wherein a | ookup table is fornul ated 3y appl yi ng non-linear conversion to a
uniformlattice in a color space of picture data for printing YCb' C'
processed ' non- nbndmeac oomeression Ipyosmsiignanedrisndar  Applytigomdn-tihearby an

. inverse function f (c) of said non-linear function f(c), and by
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device in a non- ce obtalned on sai non-I1 near processi ng by

said inverse function f(g); and in,said | ookup tabl.e is yeferenced for
conver t i$FYCEP PIHPES H?@ gﬁt%@?’o’%&d} ngll SREPAE T Pighyse ﬁ{aﬁac thé data
for print outputting. 6. A picture signal processing nethod wherein, when
I nput pilammencdatchrdmyaticity uwepamtion chacaY CoCry te epiatuae i datas fec eprit@bCr i s
encoded into input picture data for printing, the chromaticity Co, C are
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printing, YCh' Cr' are processed non-linear caonversion by an inverse
funct i 0%0#' PEBSIng Y’ %ﬁg ﬁﬁ ANIRYRESe Tungtion; fo6e) of s3idmenplingas function Ke). space
conversion matched to the col or space -of the output device whereby said

picture data focolorispacegcofveision moeessaiy andapd fort sppliyiiguicelordgparef or
print outputting. 7. A picture signal processing apparatus conprising 16
Mar Ch 200G véRion 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

P
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‘non-|inear conversion processing neans for applying non-linear conversion
processing to the chromaticity Cb, C by a non-1inear fundfiMach2eds to
generate picture data for printing YCb'Cr', in encoding input picture data
in a lumnance chromaticity separatiZn space YCbCr to picture data for
print outputting, and for applying non-linear conversion processing to
sai d picture datdookuyr tabhie dor perfMGinErat 1énst ane iofi\the wenflimat comversipn) of
said non-linear function f(c), col or space conversion processing neans for

applyin : ' [ j Al : o) space
of "an o Bor S PARE QLG ShA, R bR P R A RN TOT
pi cture datf\ converted, by said non- |inear conyersion processing neans;
wher eby BHEIBPRT (FOBVEESI {RFOCETSING | MganoAnd 'salds ¢QJAL YR FORYRIEOlr e dat a
for print outputting by said non-Ilinear conversion processing neans and
sai d colprocessppgaacaenvespstibvelp) ankbwherga mreans. 8. The picture signal
processi ng apparatus according to claim7 wherein said non-I|inear
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non-|inear conversion I n a portion crucia I'chis
desirably reproduced.,to high definition. 9. The picture signal processing
appar at G@%@@&IUPWQGQS@&IS&@WWWT@fﬁea‘fmgéa@t100@%'ffﬁﬂeosai d non-Ilinear
conversi on processing nmeans and the col or space conversion processing

means i gl1f oTHedpicﬂuequ@hbpgpr@b@ssﬁigsier@armamacc&)ﬁiin heo pdlginer 2 Girgivgl -
processi ng apparatus according to claim7 wherein 16 March 2006 23
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 £(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
£(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




a |l ookup table for performng at | east one of the non-Ilinear cogﬁﬁéfion
processi ng and the col or space conversion processing is pr sai d
non-|inear conversion processing neans and said col or space conversion
processi ng neans, respectively, and wiferein at |east one of said non-linear
conversion processing and the col or space conversion processing is

execut edsepgratiohespace i YIgb€aiiotd pickup dablfer printinghbyp nonHlimesr duvadtion
processing apparatus according to claim?7 further conprising |ookup table
formng I | ying nonlinear conversion
processi%ﬁpnggﬂﬁﬁ%ﬁ%r g??ﬁggbﬁﬁuﬁggk%%eﬁrqggace of picture data for
printing YCb' Cr' processed non:-|inear conversion processing by sajd

non- | i near funcCPBKEISION Pracessingy Peans, JOr r Adymen Wonclél}eafaﬁaﬂwsm

cal culating an output value matched to the col or space of the output

devi ce iprotémsingrbyuan finverse Ifandtionef’fe)ook said chdmikEnearnfulnctierrf{p iy sgigi on
processing by said inverse function f (c); conversion processing neans for

ref eren I i@ i ohe ans for
convertlcﬂngﬁlg%pgtaplﬁg tﬁlgrgi{gbf or rTgrl n S@ %9@%&&% fgé%rcﬁlﬁgg% for
print ou puttlng etgwcture si gnal proce55|ng appar at us conpr.i si ng
means f dfatyy %tl'il% PG APPHADE COMT SHALACPAYCISIDA RFoResie mstchedder ati ng

picture data for printing applying non-linear conversion processing to

chr onat ithétgolédb spte of rare mgﬂxt ndeviduio pbrtert ehelgiiatuby dabe fou ipringinge
chromaticity 16 Nhrch 2006 24

YCb’Cr’ into picture data for output printing.




separati on space YCbCr into picture data for printing, by on- | near
function f(c), to generate picture data for printing YCb'I%CB?[ar,Chgrﬂﬁg
conversion processing nmeans 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 neans for generating
picture data for printing, and fonsapplying color space conversion
processing matched to the color space of an output device, to convert the
picture data for printing YCb' % i.hto picture data for output printing. 1
6 March 2006 25 Abstract D scl l;a%u}c a picture signal processing nethod
for outputting a color picture. In encoding input picture data YCbCGr into
pi cture dabrcfozedpisi atpiogire rsignal Ye@qussingr mettordmibm tautiu itimigt a (@lor
chromaticity Cb, C are processed non-linear conversion processing by a
non-1j near . function f(c),.with the N e.Y. | BL.Ng f:iected, to
. genddigiiepin ereding; 151%1“%) PI#F}%QPE‘QYI@IC&% Hlﬁtugé ?%)?/EL %lcglnl\k/{g?léelﬁc%, t he
picture data for printing YCb'Cr', generated by the YCC picture
f or TYIGRT ipdguren ifsrof@htingrenip(Q) edgerhatiwityl Chelr arerprecsised powdiassi ng by an
inverse function f'(c) of the non-linear function f(c) to performcol or

space conv.er si on rocessing _nmgt ched t he | Qr:aSpAace : utput
devi CEVEFHPE Bb%?églflg Eﬁea ﬁP@H’F@f d%{rg?n%)gr f@?ﬁ n 1itlilg Ct]ﬁ&érll?d}}c%t t(gfppi cture
data for output printing cnyk to inprove color reproducing quality by
contrephdining thaffecteddingederass pyctie datay fomprinting AECbACDT Igatnemyk
. 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 £’(c) of the nondinear 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.




