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( )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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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 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
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‘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 (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,
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pi cture signal processing nmethod 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, Yn keeping pace therewith, a wde

vari ety of systemnms, handling color pictures, exenplified by a system
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including color picture data, with the aid of a conputer, are rapidly
coni pgnianf @ @xtiense wperamg dnea datdwdesngaleicengnanited withinuthesndiid f er i n
i nput/out put characteristics of expressible colors or gradations,
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reproduced becone different fromone device to another. For exanple, if,
whenugit pifctherpintes plnalydenates a processor fos conventingampat kata: sigpylsdora
printer, the color ganmut that nmay be represented on a nonitor differs from
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differs fromthat of a picture output as a hard copy by the printer. As a
| ar geignalsi eugh af sigrelenf nhemidbisrar cauheraspi Regerdly,hasvstabdand gnaoding
" in the sSRGB 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 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 having an interface for

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




practical use, the concept of a so-called device independent colar in which
color pictures of the sanme colors may be reproduced bet wd&@Meich 28 nt
sorts of the devices on the system has beconme crucial. The system which

i npl enents the device independent color is generally ternmed a col or
managenent system a representative exanple of which is Col orsync of MacOS
and | CM of Wndows. In the color nmanagenent system the device independent
color is inplemented by matching ph§sical colorinetric values of the color
signals of the input/output device. Specifically, color signals of an
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62 and a nonitor 63, are converted into color signals in a device

i ndependent _ col or. e .g. CE/XYZ CE|*a*h*), based .on. a device
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tabl e of which has been defined fromone device to another, as shown in

Fig. gampbeuchhes a8} allowWifipahsgAive Quluey!inf HYMsRGBUEOIGE V2L in Sch as a
nonitor 63 or a printer 64, these color signals are converted into output

color picture signals in the | or space associ.ated wifh the devices based
on o DhGHHaE PSR BerRIRieG ol DT gRe EHERY) TIGUER A 64 FHeE ! or
ganmut conversion table defined fromone device to another. Thus, if, with
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froman input picture color signal of an input systemto an output col or

picture signal of an out.put system the input picture col.or signal is
Conveltusacersary frdhe aBpbPadeg {aHEHe a8 g P dibst fo St e ace,
based on the device profile, for realization of the device independent
col orint@retacion asnofthg expaddenwiithe coldrezaniety Thes pitaf effécdcsows fd e i n whi ch
a col or ganut changi ng equation or a color ganut conversion table has been
def i ngd: 25 drd%otof S Whith &and8he Qo Pamt 4P REB Edlor 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 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* = 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




between the color signal values of the device (e.g. RGB d col or
values as neasured by e.g. a colorinmeter (e.g. XYZ or L*a:b*). In case the
rel ati on between col or 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 toguse a |ookup table (LUT) as a device
profile. Color printing in a color printer is realized by controlling the

amount - of _depasi tion aof. col t . ( n yel l ow (y)
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printer types, color signals for printing received in particular by

mac hifbi/dhynael] af ugdornht decageed basaboh sREBAY e nostly not cny(k) but
RGB signals. Since picture input equipnent, such as digital caneras,
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i ssue commands with R& for printing as well. It should be noted that the
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4 operating on a calculating device, such as a personal conputer, distinct
from in £ I LN | af i devi unt ed
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the inside of the main body wunit of the printer, and denotes a processor
for ¢agvdGBngricypk) ad colai yakles (eg. XPid orilntpiibiole dherasisestighal s for a
specified printer. Inherently, R@ is device signals, such as signals of

noni or, r : : si.a rlag@)g i.N SR gol or
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printers of different types receiving these data are now able to nake

subsieoiumtable.cormon interpretati on. However, the col or gamut reproducible
wth

which there are étored a set of paraneters cal cul at ed fro?rﬁt@?{@bgqt]i on
)

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




a printer is locally wider than the color gamut limted with the encodi ng
of the sRGB color space, such that, if a printer receive§6§ﬁ§ﬁ%3@x%ncoded
with sRG@, the color reproducing capabilities of the printer cannot be
exploited sufficiently. On the other hand, in the DCF Version 1.0 [JEI DA-49
2-1995], extensively used in Japan, there is shown a guideline for
encodi ng picture data wth the YCC (lum nance chromaticity separation

col or space) uniquel associated with the sRGB col ar ace.. . lf, in the YCC
ot r es s And 06 llozSRERas Fhin Color eaant it nmalanai Mt it Wor ded
data outside the sRGB color gamut, and if, in effecting color conversion

of the resdanmprbduCibilior isprat thagrgoodt putting, picture data is encoded once
in the sRG col or space, data recorded by the canera. cannot be exploited
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pi cture data, inage canmera, froma ra’i16 March
2006 5 .or, a recordjng ium at ts are made to effec l.or. conversi on
of data, @ @%W&ﬁ‘éﬁ%#&%@"’%@@ apangse datent rﬁ@hﬁ%‘?%ép@(ﬁ‘g’aﬂﬂ expands
the color gamut such as by allow ng negative values in the sR@ col or

space i ra tdler cprrectos ippgcdstisigd@ettiod v whictr theHgrigy of ,theviidiT iareged ofi cture
data of a canera are sent to a printer driver on a personal conputer via
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of the color gamut. Thus,. it is efficaciqus to use the standard col or.

space wHPBHINaMsed thdirmisish thegrist dessityrn thevdginity of thegrag arqas enabl e t he
encodi ng, such as sYCC , for exanple, |1EC61966 2.1 AnnexF, the

standar di zat ifprisfai oWjeeth of sthieUpbreeht Mnpéraivgedb NFrovidd BECpidtard nsigadlt 2. 2
standard picture file format standard Version 2.2 (for a digital still
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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




i nformation outside the color gamut, the information vol ugg insigq? he
color ganut is relatively dimnished. If signals of thre OMaghty i's
encoded by sRGB and sYCC with the sanme data volune, the sYCCis |lower in
density of the visual information in8a portion of the perception-equal

col or space close to the achromatic color contained in a |arger quantity
in a natural picture. For showwing this exanple, Fig.3 plots the ganut of
L* = 505 of yal ues encoded.w th thé::, i nf oLnati 0 VO|.UrTE‘ﬂt:{&; tioth sSRGB/ sYCC
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di sruption of gray bal ance, pseudo-contour and collapse in gradation to
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information of the 4 [bit/channel] is formed as the values encoded with 8
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colorinetric values anong different devices, states the device col or

r epr odudiifyre Fagnalt Bracessieg mathod, pemprisinge Whemiinpwt peatwce datfeWyce si gnal
values (e.g. R@ or cynk) and color values (e.g. XYZ or L*a*b*). In the
case of lamittgice cshrombtitityasefrgtidmtgice YObErrielsntcodsnl ifio gectarealdhy fotpr essed
inthe formof a |ookup table. On the other hand, if a printer control
interface.:c dat.g f rint. i f signa . cynk)
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operating on e.g. a personal conputer, an appropriate LUTI, prepared from
t he out 98t & nopdinsiandiuaction &¢) to|gsmeratprpiawee biate t §pr oprintmng YRR’ Crprinter,
is referenced to perform col or space conversion cal cul ations. Since the

LUT i nf |appneas rdielif@droforvesies yeb&dskingyby shChvardeUurdttivhnO(c) dfasslg nunber
of lattice points and thus having a higher density is preferably used in

order t Ono%t-)ltilzlie':a? function f(c) and color space conversion processing for matching to a
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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.




hi gh precision color reproducing results. If the storage city of a
recording nmediumis taken into account, it is required tg%g&@ﬁlﬁ@é he LUT

with alimted nunber of lattice points. In the above-described nethod for
preparing the LUT, grid positions ar8@ cal cul ated by equal division even in
the chromaticity directions, such as a* or b*, the nunber of grid points

of the LUT entering the device color. ganmut is small, and hence the anpunt

of the infornation.correl ati t he device 16 Nharch. 20 7 signal,s.and the
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reproducibility is not that good. In order to overcone such deficiency, the
pr esent pAskirgsemahpsoqessipgsapparatin cotmprisprecndi-tiatarocomedsidn puoeagsingf  t he
Japanese Patent Application 2000-340456, a color correction processing

met hod iR\ £ atﬂgﬁysiﬂgibrg%-ﬁ{é%a&%nlv%i@ﬁ 55%519 tottpié fcggaqahﬁ&%; ), £rand
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met hod and a picture signal processing apparatus in which this technique

f or enhamcodng inpuepidtwicedaty in a lapphieed ¢lobniadcithgepdditionfspacnt€dby t he
conversion processing systemfor the printing data but to the printing data
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of the Invention Color, signals output to a printer and transmtted in a YCC
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converted into non-linear formand encoded to render it possible to
control dakte wiichifédrd figastivnt Y(d)0@aldry spiced comvéel@icko|pRbcgaifigt nieink nfyrove t he

col or reproducing quality.

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




That is, when encoded color signals are received froma si I latin
unit, configured for encoding golor signals for printing,lgﬁ@mﬁbé&%gﬁt tog
a signal interpreting unit configured for converting the signal into a
printing 16 March 2006 8 control cormm@nd 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

pi cture signal acessin thod conprising. when ipput picture data by a
P BTN Gty ECHRATGR 15 SSRneuanntr EnuAtBleRotb ol chii e Hat a
for printing, applying non-linear conversion processing to the

chr omat ipgintingCoend @or applymgnenlof spasarcohuensiomprocessing magehesk tatthe gobrur e dat a
for printing Ycb'Cr', applying non-linear conversion processing by an

i nver se shURCHEFAR duthd d&VicsdodcodVRre ﬂferﬁefurf W FQNplifag ¥th et prospace
conversi on processing for matching to a color space of an output device,
to said picture ta fo ri.nting YCb'Cr', converting said picture data
for pri Ww&3¢@%9€§°uﬁ%ﬁe BWP&cessed said non-linear conversion processing
by said inverse function f (c) and said color space conversion processing,
to picture ddthef @bjeots mndnspeeifip advanigges ofaexangpler eambodimadntprodctaesi ng

nmet hod wherein, when input picture data by a |lum nance chromaticity

separat i a i d_into_li jctu . fory pELRtI Ng,
the- chr e, fyeBbBe wifl, SREGRET itk Cabibhy Mok 6, SiRind YeBglo8
non-linear function fg;,_z to generate picture data for printing YCb' Cr'.
These xplamation afzpretarrask embpdignenty vwdrich mpommdgomggdfenmﬁel tortbar
conversion by an inverse function f (c) of the non-linear function f(c) to
per f or m@Egv{esSpace conversion matched to the col or space of the output
devi ce, theregby converting the picture data for printing YCb'Cr' into
picture data for print outputting.

_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




16 March 2006 9 According to a second aspect of the presegt invggh' n,
there is provided a picture signal processing apparatus gﬁﬁ 8 @f
non-|inear conversion processing means for applying non-linear conversion
processing to the chromaticity Co, C by a non-linear function f(c) to
~generate picture data for printing YCb'Cr', in encoding input picture data
in a lum nance chromaticity separatipn space YCbCr to picture data for
print outputting, and for applying non- | i near conversion processing to

ot o PR Eeruleftobdinib b Pl corivestn L pldU Pl et ans 1or

appl ying col or space Qonve(5|on processing for natchlng to a col or space of
an emipuyice thiecpresent inaedtipnct ure data for printing YCb'Or', or to the
picture data converted by said non-linear conversion processing neans;

For print SUESAEHR aPrEbetr Rblcobsafth iourtesh WpEkells hfofbdne ana

sai d col or space conversion processing nmeans. Apcordlng to a third aspect
of t fer mmsgrthmgna@ﬂomrﬁmhnmrem thepvimmitie of he pelutomatics coloalagpinstessi ng
apparatus conprising neans for generating picture data for printing, said

ConvepidibaBaRe R ICR R U BT slefr B, RS RBTIbE TR o e

data by the |um nance chromaticity separation space YCbCr into picture
dat aprfzﬁrenpm\nnung,, by a non-linear function f(c), to generate picture data
for printing YCb'Cr'; and conversi on processing neans for applying

non-|inearg 0 i ne,i @m sai d
non- | i near n\cétﬁlf)?ﬁ @fpgé%ﬁﬁsésig pi c 3@8 (gl\{ﬁﬁﬁl?ighylgb rch é%g?élo
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 expiained 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




printing YCb' C', generated by said means for generating p:cturg ﬁa a for
printing, and for applying color space conversion processi to the

color space of an output device, to convert the picture data for printing
YCb' Cr' into picture data for output printing. Oher objects and specific
advant ages of exanpl e enbodi nents of the present .invention will becone
nore apparent fromthe followi ng detailed explanation of preferred

enbodi ments which is now nade with reference to the drawi ngs. Brief

Desc f t
oo S o) DAL PRl SIS RERIEMT SRy g crcoRregeren
devi ce- |ndependent col ors I g. 3 shows the technrﬂye of col or conpressron
Fi g. 4:2:6, éomob@knmgamlanﬂgm? YCbhe (Sthitsé cchasnel) T501p; ene pexedilgrike -

processing apparatus enbodying the present invention. Fig.5 schematically

showg L Perjot &J%Ct&lfe f?:ﬁﬁﬁﬁ hé’%ﬁyﬁﬁﬁ f O R0 thr ﬁaP{&?%vaé}‘&r R 086,11

pi cture fornu unit and a converter I'n a picture processing
appar at us enbod ing the present invention. Fig.6 shows a nan-Iinear

f unc(® it/ whennél) cnlm datacobtaprascly sr,hxngé:Epprcé@re dafa readeutngnit AeifPadat i on

resol utron in the vrcr nlty of the achromatic col or against chromaticity Cb

and 8ttg gefof» eraéi ftﬂtﬁﬁ%@f %ﬁélﬁ]feme%ma 4 PAntepr esent

|nvent|on he r ts of encoding t chromaticity Cb and Cr
in the plcture srgnal processrng appar atus, enbodying the present
mvedfer@h 2as the :

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 r

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 printing. 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

cur r ot e BRRRS BEAFCECRISLARY HhadiEr s B toek AR ek B8 e up

by a cnyk converter 3, a half-toning unit 4, and a control conmand
t r ang| ¥0Orsignalt f&. plineingmykithonglerY ererBaine cenclemgeteat MGS tinfeprtlat i on f or
printing, prepared by the YCC picture formulating unit 2, to convert the

S0 T SRl Y, B ARV HY o RoRirfear FARAR #R) ChiSwin JRtR.ai1 ! @
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 nqn—li_near 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




‘the half-toning unit 4 applies half-toning processing (processi f
conversion to 2 bits each of CWK per pixel) to the cnykﬁﬁ%?ﬁﬁgoﬁata
obt ai ned on conversion by the cnyk converter 3. The control command
translation unit 5 applies control conmmand translating processing to the
cnyk picture data, processed with half-toning by the half-toning unit 4,
to generate a printer control comay for commuandi ng picture data
printing. The control command translation unit 5 transmts the so

gene §$¢ﬁﬁ Qﬁgnter-control command via a USB interface 22 to a printer 50.
The E e &ér\“do perfornms printing in accordance with the printer control 1 6

March 2006 13 command. |In the present picture processing apparatus 100,

t he 6t£xu#é”*ornulating unit 2 and the cnyk 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 t?ﬁ SnghM@q]pmﬁlﬁﬂéxﬁﬁtafimbo a41YCC signal for printing. Although Y

~ remaithg’ (nchanged t( QU?x?ﬁ : fhg chromaticity Cb, C are converted by a
non-1linear functio %3c) o] in Fig.6, for raising the gradation

resolution in the vicinity of the achromatic color, and the resulting

pi ctyi-e_datasYCh' Cr' are encoded each in 8 bits, which are then sent to

t he Cnyk ‘converter 3. The non-linear function f(c) used may be a non-Iinear

function f(x) shown in the follow ng equation (1) : O<x< 128 f x 128 x

log(1 + k x (128 - x)) of Loniny Log(1 + k x 128)
f(X) = 2!1 - 1 _ 2n—1 X lo-lg(il-Z% éx 2 )_)l + 2!1—1
log(1 +kx (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”




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 |ogarithm Thd 688 ch 200
function f(x) rmay be represented by the follow ng general 16 March 2006 14

formula (2): Ocx<2n-' | log(1l+kx '* - x)) (2 fW=-2n-' x +2 n-1 -'
log(l + k x 2 2n-1x<2n_1 f(x)=2 n -1-2 n-I x log(1l + k x (x - 2'-")) +
2n-1  log(l + k x (2n -1- 2n-' )) .15.. (2) where n is the nunber of bits

for encoding x. During the initialization processing, which is carried out
uni t5 et e il 8L HoC pEGh GRS SRSl ELU TS GRS ane
formul ates a nunerical table by its inverse function f' (c) to send the so
f or nsigatbd(Shbittchaadbel} alblthe tpoirttdtre 5@ yderesponding 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




converter 3. The table tabulates the results of the conversiégn L' 6%56
stages of 0 to 256 in 8 bits. During the initializing prc}é i 30 he cnyk
converter 3 forrmulates a three-dinensional LUT (| ookup table), having |aid
‘therein cnyk signals of the printer 50, corresponding to YCC signals for
printing, as received fromthe YCC picture formulating unit 2. The cnyk
converter 3 refers to a table, recqgigrzed from the YCC picture formnul ating
unit -2, to convert Cb and & at NxNxN | attice points, obtained on equal

(2 s S ARG U 1Y 165 8 bUZIR ol Py Road M o 2000

cnyk signals (8 bit/ channel) of the printer 50, corresponding to the
sYCOpiciure peicgssing appliddxiddNi I aand,cié thei resslt gheheek tis cregativet 8t oh t he sane
- Y-plane of the three-dinmensional LUT are referred to as a two-di nensional

LUT 18ifahe th it B8 pofloi e Shofd prafidi FARGERBAIPARIL & the 0y, 20

I'ntérpolation Ions recor cal ues. During
processing of the picture data the YCC signals for printing, received
f r ormomrding@Ccpiotrenos. f or mul ating unit 2, are converted into cnyk signals
(8 bits/ channel) of the prlnter 50, from pi xel to pixel, by interpolation

cal cul ati ong. SHORES LhARRLIJISET Y 31BN BAnLERREENGR 1S nbiaghd O the

t hr ee- di mensi onal prepare I i zation.

sufficient that the picture proceSS| ng application 11 and the pr| nt er

dri vequatipndartfaotablesprapased spadanicensanbe usedt he personal conputer 10 but on
.calculating units or on electronic circuits within the other equi pnent or

the printer héﬁarab%t&s%k?ﬁnﬁi}%@%&ﬁc%ﬁ ) ttfh‘?tsﬁﬁ B ‘i’forgrthc‘! ?Ect%u?es' s _not

necessari | eepi ng W I nput ; eS| ra crimnate

whet her or. not the i
processing apphcatlon 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 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 ursed. If the cmyk converter 3 has a
specified intrinsic non-linear function, the numerical table, parameters of the
numerical ﬁgute 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




printer driver 12 is in keeping with the YCC input, in the pictur
processing application 11, and to omt the above processimﬁﬁg%e
printer driver is in keeping only with the RG, in which case YW 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-descri bed non-linear code, ityys checked 16 March 2006 16 whether or
not the printer -driver 12 is in keeping with the non-linear code in the

pi ct yk i applicati .1 f ilhe. resu i egative,
1 iyl BRAGRUIE AR R P AT I ERFinpt VG 0B lroBleckIE B A
corresponds to the non-linear conversion. .For non-linear conversion in

t he pictune foroulatingtinmg? genderagss aok tramenite theaparamdbers of thalloa-jpnegrar ed in
advance may be used. The paranmeters of the nonlinear function f(c)

trangn it LGtur ess).n I i h i.nter
ar 1 a6 Yk et e v EE P RD o PR R el 8 RSB T
is determned that non-linear characteristics are expressed by a conmon
pr edéherodnvedsionnestiresgondipmttoothenynvérse Yidcgioat i(e), without ait i bejngnit 2 and
a cnyk converter 3, the paraneters of the nunerical equation may be used.
In c fj nep: L i L t] . sed for
the JeceSaty Bor BEEC pleflRRERE Y [T RehbRl: 3T whiRARRCEC,
representing the selection may be used. If the cnyk converter 3 has a
~ specphrasgetentyi thei inverse- functiear’ (o) rft themontiseanfvactionl f(e)atppliechy anet er s
-..of the nunerical figure or the indexes, representing the non-Ilinear

char St i : i.cfure forrmulating unit 2 by

I oad?ﬁ%ﬁqgﬁkﬁﬁg" cnyﬁ‘f(ulgg?l@gg#ezr ﬁgr,\;)]@’;rl?ﬂgeﬁa%d sol e non-linear function

. f(c), comon to the YCC picture formnul ati ng unit 2 and the cnyk converter
3, is preslppiasamefar ¢isthenper-dinear Junetion igdnfrangmetted 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




paraneters. As for the information of the non- Ilnear functl%ﬁ@§§ab
transmtted by the 16 March 2006 17 picture processing a 9@11 to
the printer driver, it is sufficient if-the YCC picture formulating unit 2
generates and transmts the paraneters of the non-linear function f(c) to
be applied to the picture data, and the cnyk converter 3 calculates the
conversion corresponding to the tﬂﬁﬁ%se function f'(c), wthout it being
necessary for the YCC picture for ting unit 2 to generate and transmt

. the araneter by the inverse_ function f'(c).of the _non-linear function

f (c) Ydph! ilatdicey Paints, vac thecttine ©br fue alnifiglization,2 ud oy ppeifore dat a.

The paraneter of the non-linear function f(c), transmtted by the picture

pr Ocﬁﬁﬁ%gn@&%héﬁ%‘f'rﬁﬁ ﬁﬂezﬁoc}faﬁ'?cteﬁbt”ésebf fhé WACCleF tHeeRe VR rfi%tﬁr'éat

determ ned by he YCC picture fornmulating unit 2 solely fro he inverse
function P(c) of the non-linear function Iéa as descri bed abovg but may
be adpigstlethd time of dheirasssing afithadishire eatpang: consent the result byal so

possible to transmt the paraneters and apply the so transmtted paraneter

aepahﬁgﬁ#dlat%é f&ﬁl&ulé‘t&mg\/ 'u:g%:hﬁn f%téjfe%bl&&?'lﬁﬂ”r &y fild Evert MRS b and

unction f(c), on-linear on the chromaticity axes, need
not tlcally ymmetrical with the achromatic point (Cb = Cr :128) as
a b@ CCaas apelffcnss Fig. . 3, but mat be discontinuous, as indicated by
a chain- dotted line in Fig.6. The nonlinear coding may be applied not only

L gsgg, OS t“ﬁgé r%glﬁ?ﬁgdglrﬂ%rgnﬁg?téﬁd %g&omf&ﬁt@epr&eaﬁﬁg APlidadionul ptig the LUT
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 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




18 YCC.lattice points, at the tine of the initialization, tiYLit ﬁrgé erform
back- conversi on of non-linear characteristics of the YoC df Mg i ved
picture data at the tine 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
transmtted by the picture processi application 11 to the printer driver
12 need not be the values of the three pixel channels, encoded by YCC, but
may al so _be index_ values that _may reference the YCC col OE space. . There are
occaspplyinge eotrlingar Brstwssi(ahta eachmef GhanddCr techangsrthsdensity ness in
the YCC col or space is perforned in a pre-stage of the YCC picture
for . . L0 the :pi Lo . . . o¥CC
pi ot Ao Rt Bt (e UBntiRg IRYRE ViRl 8 B it ol Bt Dot BT ent ot
shown, or fromthe network, or the YCC picture data readout unif 1 may be
om t Bydraisingvini pasticales the glenyite ofithe urieinlly glethe aghwamatichpeint 98 té? cture
processing application 11. In this manner, color reproducibility my
| ocaly: 1 ax i capaticity
B B e B L Ll
transmtting the conponents in appropriately changed encoding density.
Fig.7 plots the range of L* = 505 of the val ues encoded with the
i nformation volune of YCC4 [bit/channel] on a chromaticity di agram of the
Cl ELﬁﬁlﬁﬂliﬁrA? ilfghi ch is the uniformcol or difference space, in the
sane way as Fig.3. Specifically, Fig.7 shows the results of encoding
obtai ned by 16 March 2006 19 . applying th on-linear functjon £(c) to each
of Cb and Beceiging it e PF?éeHEH“S‘JlOWPHb gesq;&pgleaq&v&ﬂ CPRH}”P@‘{FM{QW in the
‘vicinity of the achromatic point becones higher.

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.




By raising in particular the density of the vicinity of the achromatic
point or the skin color, it is possible to inprove the cdfddarch2006
reproduci bility of a natural picture. Industrial Applicability According to
the present invention, described abow®, color reproducibility in the color
space may locally be inproved by converting the chromaticity conponents of
the YCC picture data and transm ttChgIMf® conponents for changing the
encodi ng density appropriately. 16 March 2006 20 CLAIMS 1. A picture

signal prog mﬂggiéjﬁl?&&%{g%%%m%?@#%put pi cture data by a | um nance

chromaticity separ n sp ded into picture data for
printing, applying non-linear conversion processing to the chromaticity Cb,
C by a non-|i WdER NRHE PGS 3@51 B aglupEngnce ¢hrematieity SERATAlND BPACAt i ng
YCb' Cr', applying non-linear conversion processing by an inverse function

f- (c) ofYGbCrlisrmoedddiaes pictire tatarfof pdntiagd col or space conversion
processing for matching to a color space of an output device, to said

brinting oo o P R n el siversfi kil 37 e ROEMIEIBNCR. CRC, g 1y

said inverse function f, (? and said col or space conversion processing, to

pi ct ur e Ry Ron-dinepy functiny flitp genenaty, pigturg datapios poineing i abICrpr ocessi ng

met hod according to claim 1l wherein the gradation resolution is raised by
said non-|inearagsl BORNNBAOERB&IS16n ipRocessipe By 8n iMbersd finfctionsP) | y

crucial or which is desirably reproduced to high definition.
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




3. The picture signal processing nethod according to claim.21 wherein at

| east one of the non-linear conversion processing and théﬁé\éﬁ‘fﬁhzg%ce
conversion processing is perforned by processing with an equation to
convert the picture data for printim YCb' C' into the picture data for
print outputting. 4. The picture signal processing nethod according to

cl ai m 1 miperfarmedtby weferenoing a pre-fermuleted| lonkap tadeve cenvert thopateieng and
t he col or space conversion processing 16 March 2006 21 is perfornmed by

ref er encigig f&c@iﬁ%ﬁﬂm’@?% thé’i%i@f@ret&% Wﬁﬁ%ﬂtﬁ? he picture data for

printing YCb'Gr' to the picture data for print o Ing. 5. The picture
signal p essi net hod according to claim1 erejn.a l.ookup table is
Formil ar A ISR STl e aIetsaGRdE to ST | HIREHIM | atti o i n o

col or space of picture data for printing YCb'Cr' processed non-Ilinear
conver si on by sai lhokup-tableesr fdrmmdatedrby @pplyity nen-lineae rcoavémsion ioa f (c)
of said non-linear function f(c), and by cal cul ati ng an out put val ue

mat ched dﬁr@f&ﬁ?lﬁﬁ@é % aSPAGE sPhcd BE %@Jgatﬁef@rgﬁliﬂg@gYWCW?f&%@e?gt tice

obt ai ne n sai non-11 near procega ng by sali se function ); and
wherein said | ookup table is referenced for conyerting said pictyre data
for prirqhineapey FSIQ%‘PW@Q@%’&QW%% (8 rwvswpgumta%?(é A

pi cture signal processing nmethod wherein, when input picture data by a

| umi nanasf said nomdineat furstiparfad)| amd bpaakuldth@ an sutpot oslad matthed tipthie pi cture
- data for printing, the chromaticity Cb, C are processed non-Ilinear

conver o llbpies BT Ay N 90 B6h ARIARITEIS BORBILE ok o
processed ngn-1linear L conversion by an inverse function f (c) of said
non- | i ndi-Hpgastnresessing by snig dpyegshfunction £(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




col or space conversion matched to the col or space of the oqutput device
whereby said picture data for printing YCb' Cr' are conver {éMagh 800§ ct ure
data for print outputting. 7. A picture signal processing apparatus
conprising 16 March 2006 22 non-line&& conversion processing neans for
appl yi ng non-1linear conversion processing to the chromaticity Cb, C by a
non- | i near  functnbodirfeér) comvergene padeespingt unearmdatfar f applpirigntnorglivgr' Cr', in
. encoding input picture data in a |um nance chromaticity separation space
YChCr t (a3 £ on i N : i -+l near
conver s EPRAEpARESIG o R, PhrorHiat Kb er bR o B RYiea IOy o
inverse function F (g) of said. nog;linear, functjon f(c), coloy space
conver si&HHe PALR gatde §ﬂP%P¥%Sgh%E§g-@bﬂgpdgﬁhggn“dBHV%? ahhRocessi ng
for mtching to a color space of an output device, to said picture data
for pri duhiganéeb'cBromaticityt sephmtionc space dACACE ot gpithnte byataaifor naint | i near
conversi on processi ng neans; whereby the picture data for printing YCb' Cr'
is conv ; M [ . . - ar
conver sioAPiting B EAt" rhd dchlinGl) v BlsiotbideBtitly of il hOilze LGS
means. 8, The .picture signal processing apparatus according to claim?7
wher ei n 10RPHNRS Y ¢h’kaaby @BAYYGIES &m%mc%&g of saigewnslinesr fuactionst(gh adat i on
resolution by said non-linear conversion in a portion which is visually
crucial or whicbolos spaserahiversioepsrodessaty tneednsgfordepplpidg @olordspatee
pi cture signal processing apparatus according to claim7 wherein at |east

one of RS bidkeling T Flatlitlg R A°E515H BhcTE ' Bl AEvEE! €8 sagace

¢
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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




.conversion processing neans is fornmed by equation processing neans. 10. The
pi cture signal. processing apparatus according to clai m 7 1#H4aehg00% warch
2006 23 a |l ookup table for performng at | east one of the non-linear
conversi on processing and the col or s$3ace conversi on processing is provided
as said non-linear conversion processing neans and said col or space
conversi on pr oadeskumtabda e perfamenagia dtast oaadfthe nendirehr cemsdrsione of
said non-linear conversion processing and the color space conversion

pr Ocessgﬂﬂcbs%iﬁ%ecﬁi& etk Rp16L% 5@@&!09%?5%9 ﬂrﬁ%gﬁ?%ailg:]@ov'i&cd Thegqycture
signal processing apparatus according to claim rther conprising | ookup

table formng neans for formng.a | ookup tzabl e. by (gppl yi ng nonli near
conver siW‘BPﬁ@es@iﬁH@rSl® aPHORPTSHIEN NGRRS B $A eCUBT 0tPAPaLRHISIBNCt ur e

data for printing YCb' Cr' processed non-linear conversion processing by
sai d nqrotéssag mbans respactitely, altywheteti i nverse function f (c), and by
cal culating an output value matched to the col or space of the output

devi oo in he naPic Y &8 s @bhifich S5RRRTGh PREAME hAd AR ABMYELE! oF
processing by said inverSe function C);, conversiton processi ng neans for
referencing the | ookup table fornmed hy said |ookup table form ng nmeans for
conver t iG9GVEEsiQN PosesHiRe haxecnisd hyrieivengng vaut lopkup fabde.pi cture data for

print outputting. 12. A picture signal processing apparatus conprising
means fdrl, g€her pichuirg Bigaklirgrodadsind Gippardtid | agordiaf dtoredsisn f Pr figdrer ati ng
pi cture data for printing applying non-linear conversion processing to
chr omat ic' is%) Cr, in encoding input picture data by the | um nance
chromat i Ci Ié 8

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




16 March 2006 24 separation space YCbCr into picture data faor pripting, by
a non-linear function f(c), to generate picture data for%ﬁrﬁ?ﬁcﬁﬁé%{@'

Cr'; and conversion processing neans for applying non-1linear conversion
processing, by an inverse function f 24&) of said non-linear function f(c),
to said picture data for printing YCb'Gr', generated by said neans for

gener at i sepagationuspace dAERCE antoppichurendgta dod pfmungpbyw ngn-divlear figprion
conversi on processing matched to the col or space of an output device, to

convert il Cr nto pi cture data for output
printi ngit(JSDe &g%sa%éﬁ:ﬁg@% ggtra %E{]ﬁg@?‘% sclrose i's a pi cture signal
processing nmethod for.outputting a color, pict ure n encodi ng i nput
picture data YOSRVFISIOR Jreeessuigy dneansy fop applyig |Df9nalm3?€CCBF‘é?r§‘|°€
formulating unit (2), chromaticity Cb, C are processed non-Iinear

conver sipmocgasoe 3o ag ihverse fomctiann€é¢) 6 saitli mon-fifegr, function tfie), kausaidance Y

remai ni ng unaffected, to generate picture data for printing YCb'Cr'. In a
cnyk G a - Cr by t he
YOE pi crvhe B %ﬁa%r??ﬁtﬁ%u‘%%fd %&Jf%d‘”a’cessé%%§?°%%%eggﬁ%hver Sio

process%gag:11 y an i.nverse_ function f'(c) of the non-linear function f(c) to
“perform T BpRdRgs.cal fr Apphying col@siang CRAYURIR Rrecesting Blatiheddace of an
output device. This converts the picture data for printing YCb'Cr' into

pi cture tHateoldospacd pfitarp output ndeviea, ktot @onvdIp ity ick®rdate oo gyiiting qual ity
by controlling the encoding density locally in a wde color ganut.

YCb’Cr’ into picture data for output printing.






