;e3ed6T\I U 1 Description Picture Signal Processing Method and Picture

Si gnal Processing Apparatus Technical Field This inventi %Mmu a
--pi cture signal processing nethod and a picture signal pr ”mmwmgrat us
for outputting a color picture. Background Art Recently, redug§i@on in cost
and increase in the processing speed in devices handling color picture data
are progressing speedily and, in keeping pace therewth, 1 ety of
systems, handling color pictures, exgenplified by a syst énmwmmm’umm”mmcol or
picture data over a network, such as the Internet, or a desk,gn publishing
system for carrying out the edi tﬂ)”%-gﬁ%r ations, including color picture
data, with the aid of a corrputer,e a 1'§1pi dly comng into extensive use.
The devices handling color pictures differ in input/output characteristics
of exPictesd Signat Provessimg Metlued and PictdepSighiahfrocessing Apparatusorts, such
that, if the color picture data are sinply exchanged between the devices of
different sorts, the colors reproduced becone different fromone device to
anot her. For exanple, if, when a picture displayed on a nonitor is output
as a hard copy on a printer, the color gamut that may be represented on a

moni t PeclohithleFieldrom t he ganut that nmay be represented on a printer, it may
be an occurrence that the color of a picture 2 represented on the nonitor

differs fromthat of. fclure rs . As a
| arge vari efblsoplvseyépﬁr}@iaﬁé%gq P?PHE@X% 8&%3?8?%%%&%;3%%%%{?%%[@? E)lﬁrgr acti cal
use, the concept of a so - called device independent color in which color
pi ct usiznabpradessingreppacitas formytputting preoliorcpigturet ween different sorts of
tEe devi ces on the system has becone crucial. The system which inplenents

t he

Background Art

Recently, reduction in cost and increase in the processing speed in devices
handling color picture data are progressing speedily and, in keeping pace
therewith, a wide variety of systems, handling color pictures, exemplified by a
system exchanging color picture data over a network, such as the Internet, or a
desk top publishing system for carrying out the editing operations, including color
picture data, with the aid of a computer, are rapidly coming into extensive use.

The devices handling color pictures differ in input/output characteristics
of expressible colors or gradations, depending on the device sorts, such that, if the
color picture data are simply exchanged between the devices of different sorts, the
colors reproduced become different from one device to another. For example, if,
when a picture displayed on a monitor is output as a hard copy on a printer, the
color gamut that may be represented on a monitor differs from the gamut that may

be represented on a printer, it may be an occurrence that the color of a picture



“devi ce independent color is generally terned a col or managenent system a
representative exanple of which is Colorsync of MacOS and | CM of W ndows.
-I'n the col or managenent system the device independent color is inplenented

by mat chi ng physical colorinetric values of the color signals of the

i nput/out put device. Specifically, color signals of an input picture from
an i nput device, such as a video canera 61, a scanner 62 and a nonitor 63,
are converted into color signals in & device-independent color space (e.g.
Cl E/ XYZ, CIE/L*a*b*) based on a device profile the color ganut conversion

one. ddepeseni R iomotabr iR FRIARTE Gl lublbrER Ry by O
out put from out put devi ces, such as a nonitor 63 or a printer 64, these

col or thegprhiter.are converted into output color picture signals in the color
space associated with the devices based on a device profile havi ng a col or

device to art Roresnagiety of siRtdtns AERlnEr G 2SR Refe i Bl b o™ O

signals are converted 3 froman input picture color si gnal of an |nput

syst empriatieal wiél, phé contept ¢f £ soraallsdgiwlicoindepeadeplicoky shewhidhheolonput
pi cture color signal is converted once into color signals in a
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the device profile is a file in which a color gamut changi ng equation or a
col or @evives oantter systent hbs debamebericialefThee dysttmtwhichi infplesrmnty the he
device profile is a file in which then a are stored a set of paraneters
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XYZ or L*a:b*). In case the relation between col or siénal val ues of a
devi cer@mdsemdﬂtwe exdmple affwhichi istColersyew| of2daco\s andieM of Finglogrfal val ues
is non |inear, as in a prlnter the routine practice is to use a | ookup
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implemented by matching physical colorimetric values of the color signals of the
input/output device. Specifically, color signals of an input picture from an input
device, such as a video camera 61, a scanner 62 and a monitor 63, are converted
into color signals in a device-independent color space (e.g. CIE/XYZ,
CIE/L*a*b*) based on a device profile the color gamut conversion equation or the
color gamut conversion table of which has been defined from one device to
another, as shown in Fig.1. When the color signals are output from output devices,
such as a monitor 63 or a printer 64, these color signals are converted into output
color picture signals in the color space associated with the devices based on a
device profile having a color gamut changing equation or a color gamut

conversion table defined from one device to another.

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



“deposition of colorants of cyan (c), magenta (nm) and yellow (y) w th black
(k). However, in a control interface for each of specified printer types,
.color signals for printing received in particular by machi ne types of
general usage or application are nostly not cny(k) but RGB signals. Since
pi cture input equipnent, such as digital caneras, as, output equipnent,
such as display nonitors, or the application software, usually handl e
colors represented in RGB, it is natdrally convenient to issue commands
with RGB for printing as well. It should be noted that the control
interface nmeans a.so-called pripter driver software, 4 operati on a

cal culfom g HWRt JUCtuse R %S%nﬂgpg@ﬁ‘aln rfﬂéfeé‘f‘ 10 ANs phiput %Irrpfcﬁ'grepri nt er,
a firmvare operating on a cal culating device nounted within the mai n body
unit eforal@fRin bidpdt.sySferdNtiR) Bpjut Pittreicodod signal ¥ vohvertedhonde info t he

mai n bé%y unit of ‘the printer, and denotes a processor for converting input

color sjgnals for printing,intao control signals.,for ,a eci fiegd printer.

I nheréﬁiqrﬁlgmmﬁ %éﬂ?%‘égg?%@ﬁﬁ C%i%ﬁpégas a5kdian the i‘g"ﬁ?? QF%H Pf(ell;neras.
Recently, as standard encoding in the sRGB col or space [IEC 61966 2.1 ] has
CONME |1 a8heas e deviRe-iRaBhEmRlent Wobst, agashosin i iRig O s Mieadwhile| érd t ypes
recei ving these data are now able to make substantially common
interpretation, Ho er,, the. colar ganut, reproducibl.e with a,pri is

| ocal Bpvisecotininagie i yBichgarelor B tehanents eaeatamtanr so18f et s ra
col or space, such that, if a printer receives signals encoded with sRGB,

t he cebfAversed gl hag beapateifinedi Ssated differemtiynties devisagrofite mxafidé ired
sufficiently. On the other hand, in the DCF Version 1.0 [JElI DA-49-2-1998],
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associated with the sRG@G color space. If, in the YCC not restricted to the
col or cpbstukigefal SFHRes tdfetheadevicehésgalRGBr oecCMEK) dand coloss ivadnashas s RGB
color gamut, and if, in effecting color conversion of the recorded YCC for

Gat o reetiaBhohy i B EeR T B T b PRa s ur i crent Iy, Thus, In a
printer having an interface for
In case the relation between color signal values of a device and color
values of a picture realized by these color signal values is non-linear, as in a
printer, the routine practice is to use a lookup table (LUT) as a device profile.
Color printing in a color printer is realized by controlling the amount of
deposition of colorants of cyan (c), magenta (m) and yellow (y) with black (k).
However, in a control interface for each of specified printer types, color signals
for printing received in particular by machine types of general usage or
application are mostly not cmy(k) but RGB signals. Since picture input
equipment, such as digital cameras, output equipment, such as display monitors,
or the application software, usually handle colors represented in RGB, it is

naturally convenient to issue commands with RGB for printing as well. It

should be noted that the control interface means a so-called printer driver software,



‘directly reading picture data, inmaged by e.g. a digital still canmera, from
a canera 5 or a recording nedium attenpts are nade to effect col or

- .conversion of data, recorded with YCC, based on a unique interpretation

whi ch expands the col or ganut such as by allow ng negative values in the
SRGB col or space in the processing inside the printer. However, when inmaged
picture data of a canera are sent to a printer driver on a personal
conputer via e.g. an application softjpare, it is necessary for the
application software and the printer driver to nake common interpretation

as to the expansion of the.calor mut. Thus, (it is effi. i.0 tq use the
st and2PAratH} pnszbg@gu “tghd%‘ﬁéﬁ%znﬂgﬁl‘[ A% 3 PRSI SOTPWEL gﬁl@ﬁcﬁsgb f space
to enabl e the encodi ng, such as sYCC, for exanple, |EC61966 2.1 Annexe,

the spaider di fisinvedrel Gperatinghon a2 calcubiingy deviee eadingd withi€ thasmam Exit 2. 2
standard picture file format standard Version 2.2 (for a digital still

camera).. However, if. the color gamut that can be encoded is ex to add
the i %PQVH‘HPF Bﬁt}?fuP’s‘p » PThan Eiﬂc TG FTEUIt ]inntE’Srl eocﬁ tbSIrﬁ%@q?(ﬂg?de t he
color gamut is relatively dimnished. If signals of three channels is

encodegitoyf #RGBriatd, a@denbtds 4 peosswer fait comarting inphecslvCGigmls dorer in
density of the visual information in a portion of the perception-equal
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505 of values encoded with the information volume for both sR@&/sYCC on a

chr ongigils,ysuthagy signals 6hmddifor#\Br cahwraspaRecertily, as| standardoemtiogingt i on of
gray bal ance, pseudo-contour and col |l apse in gradation to deter for ate the
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uniformy deci mated based on sRGB/sYCC. Meanwhile, in the color managenent
syst erinterfaeed ofiprintproodf ddferenttypes reeeiving thesealata arenowcablaltogsakerong
di fferent devices, states the device color reproducing characteristics in
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a printer is locally wider than the color gamut limited with the encodinglof the
sRGB color space, such that, if a printer receives signals encoded with sRGB, the
color reproducing capabilities of the printer cannot be exploited sufficiently.

On the other hand, in the DCF Version 1.0 [JEIDA-49-2-1998],
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 sSRGB 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



"device, such as a printer, this r elation is generally expressed in the
formof a | ookup table. On the other hand, if a printer control inter face
.converts data for printing of input signals (e.g. RG or cynk) into printer
control signals (e.g. cynk) in e.g. a printer driver software operating on
e.g. a personal conputer, an appropriate LUT, prepared fromthe outset in
consideration of color reproducibility of a target pr inter, is referenced
to perform col or space conversion calcul ations. Since the LUT influences
the color reproducibility, such a L havi ng a Iarge nunber of lattice

poi nts and thus having a higher densit ef er used. in r

obt ai Ar i geeqyding ﬁ@iuﬁblﬁmmﬁtﬁr%ﬂumaﬁé Pts CO %Vesr@&naag C@i%acr ty of
a recording nediumis taken into account, |t is requrred to prepare the LUT
Wth geldy (%PVULET l%sehaéﬁ'acﬁn e”hﬁerﬂr@tahhﬁ @h%’rﬁeﬂpﬁﬁdd ke coRIrhod for
preparrng gri posrtrons re calcul ated by equa di vision even in
the chromaticity directions, such as a* or b¥*, IQ er of grid, points of
the Lgamaitsrdngstbe allowing degativeyaralees dn dthg sk %d”— @nSBa¢hdn Sunt  of
the information correlating the device signals and the color signals in
the cql i t aed data 6prochiaénai ity is
not ﬁh?éesgﬂ'r?"fr}s'ﬁe r?dc’i@k)hpct)éyovg%ﬂ%éﬁﬂéndg@?%?%m t he present Assignee
has proposed in the specification and drawi ngs of the Japanesg Patent

Appl | @sg e tDGOPLiBlen A5 er SN PSSOBRY GRIBPRIH V ;11?? Béeégrafli’@hﬁé{)%éoﬁ?r%i ch the
grids of the LUT are not of uniformintervals and non |inear positions

obt ai peg rfé&egﬁﬁ‘\&;xb%@ réﬁwrﬁso‘ft\fvw&n@m@p@m@s déiviep tolinmdkel cdmtrom gri d
densrty int icinity 'of the gray ar ea. is an Obj ect of t he present
invention to provide a picture Si processi meft od . a |cture

si gnalinisFRretaiqmhas &bﬁ%ﬁr%ﬁ@sﬂqp% C?W§af’§3hﬁﬁﬁﬁ>eltfl%ﬂ OIS B he
efficiency is applied not to the LUT referenced by the conversi on

pr ocespé Reandlupd %616r0§ aEB Gw}ﬂbh réxipaads dhecbidr daenithef thiei SRGBgcalet apadesel f to
render it possible to | ocally control the encoding density in the broad

nventaals BrasrRpdibe. HEmASSLAC F AvereraR dBCaosech i ARBEEGute o e o
i nter and transmtted in a YCC col or space (luninance chromaticity
separ atimfard@agonsforoehich 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* = 50+5 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



“are converted into non linear for mand encoded to render it possible to
control the encoding density locally in a wide color ganut to inprove the

- .color reproducing quality. That is, according to the present invention,
when encoded col or signals 8 are received froma signal fornulating unit,
configured for encoding color signals for printing, and ar a sent to a
signal interpreting unit configured for converting the signal into a
printing control command for a printgr, encoding is carried out in a YCC
col or space converted into the non Iinear form In a picture signa

t ho d t t
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picture data for printing, the chromaticity Cb, Cr i's processed non |inear

Convef[ﬁit)%ahﬁﬁ 1@9ﬂ1fblrﬁ@ﬁ6eémmbd<blaséd 6n sSRGBAYCEL e picture data for
printing Y In a picture signal processi ng met hod, according to the

present invention, prin pi cture dat bt alned n no |near
conversi on Bjeanwhile, inné%% g@]@ﬁ&m%e}gemg) %Peéﬂ’r H?'Faﬁ?%ﬁcwleﬁ?e C}?S‘:’glf Qi cture
data by the I um nance chromaticity separation space YCbCr, is processed non

| i neam s@AVEIeS tSIbrih&eRs fhlngs timang idifferar davicts, anate’s the) defice rlowon
| inear function f(c) to apply col or space conversion proceSS|ng for

mat chi ng t the ol or ace of an put . devi e to C re data
for pAPRIQ ﬁa@cter; 1C§ 18 ergs &P o‘i‘?de aglrorb Pmee&uﬁﬁﬂ? Pi ﬁ%‘?ﬁl‘ﬁdlgégi cture
si gnal processing nethod wherein, when input picture data by a | um nance

chromgkigci RGP eRadyahkpandpesier \(@hﬁs (sgeXovdeor Lriadbinpint thp case ofdata for
printing, the chromaticity Cb, Cr is processed non |inear conver5| on by a

'T'ﬁgsel%%g?r%];gmg‘alf‘g%f {#m tﬁ‘?’i petith eéﬁlg%ig@qbpgggrégg%d Fﬂé tﬂltel near conver si on
Py lookup table.
On the other hand, if a printer control interface converts data for printing
of input signal.s (e.g. RGB or cymk) into printer control signals (e.g. cymk) in e.g.
a printer driver software operating on e.g. a personal computer, an appropriate
LUT, prepared from the outset in consideration of color reproducibility of a target
printer, is referenced to perform color space conversion calculations. Since the
LUT influences the color reproducibility, such a LUT having a large number of
lattice points and thus having a higher density is preferably used in order to obtain
high precision color reproducing results. If the storage capacity of a recording
medium is taken into account, it is required to prepare the LUT with a limited
number of lattice points. In the above-described method for preparing the LUT,
grid positions are calculated by equal division even in the chromaticity directions,

such as a* or b*, the number of grid points of the LUT entering the device color

gamut is small, and hence the amount of the information correlating the device



‘inverse function f' (c) of the non linear function f(c) to performcol or
space conversion matched to the col or space of the output device, thereby

. .converting the picture data for printing YCb' C' into picture data for

print outputting. A picture signal processing apparatus according to the
present invention includes non |inear conversion processing neans for

appl ying non |linear conversion processing to the chromaticity Cb, C by a
non-linear function f(c), in encoding input picture data in a |um nance
chromaticity separation space YCbCr to picture data for printing, wherein
i nput picture

v oeferi)s and 1 folemuanaiof Becralit gaBudaSi st oufd de' BhuRihat 1R,

processi ng apparatus according to the present invention conprises non

i nearcowqxépf&jmt,mngﬁ@{ that @eads for applying non linear conversion by an
inverse function f' (c) of the non linear function f(c) to picture data for
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| um nance chromaticity separation space YCbCr, and col or space conversion

pr ocesaithe spedfisafion andrirxviggsof tie JapanesecBateat AipphicationXKI03A4T6,
mat ching to a color space of an output device, when whereby the picture a
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invention conprises neans for generating picture data for printing, the

means friforée nat@valkg apidc nonelindra pbsitiomsi pbiaigedipph yapplying 4 i nigtable
conversi on processing by a 10 non linear function f(c) to chromaticity
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picture data for printing, and conversion processing nmeans for applying non
| i near convdt sisoan pobjeet ofndhe byresenti mvesnsoIf dacprevide' a (pictye §1 | i near
function f(c), to the picture data for printing YCb'Cr', generated by the

Cpace koI RelAL A ¥ BICRLS SiBholP prCesiihe Aaidts MRE ORIER BIST ce.

to the picture data for printing, to convert the picture dataégr ﬁrinting
YCh' Crtechnigue 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

According to the present invention, color signals output to a printer and
transmitted in a YCC color space (luminance chromaticity separation color space)
are converted into non-inear 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, according to the present invention, when encoded color signals



“pircture data for output printing. Qther objects and specific advantages of
the present invention wll becone nore apparent fromthe follow ng detail ed

. .explanation of preferred enbodi nents which is now made with reference to

the drawi ngs. Brief Description of the Drawi ngs Fig.l shows the concept of
a col or managenent system Fig.2 shows the flow of processing for

i npl enmenti ng devi ce i ndependent colors. Fig.3 shows the techni que of color
conpression. Fig.4 is a block diagrarg showing the structure of a picture
signal processing apparatus enbodying the present invention. Fig.S

o1 Ct OIS TereAc NG asiendioiranaigh Rl G ERBRPRPE: orRblk.Gof sl

appar at us enbodying the present |nvent| on. Fig.6 shows a non linear

funct ifenpraddg] Mmdare $émmasra Slgﬁalelmerﬁgsth’(gahhﬁd:ohﬁlgured fomgpriviesting dukat i on
resol ution in the vici nity of the achromatic color against chromaticity Cb

and Cr,in_the |cture Si roces rat us nbodyl n resent
i nventigil 1Ry 'PYQHBWSC?&Q% 85{5!"9%“ eﬁd’gﬁﬁﬁb St B}&Enﬁrﬁgﬁtg}lt%ﬂ 4nd O
in the picture signal processing apparatus, enbodying the present

| nventy @Q, calér spacedeisieried inte HangesHinedeformppl i cation of a non linear
function f(c) shown in Fig.3. Best Mdde for Carrying out the Invention
Referringt the

s now oxpl i roaicreueam pdREThE thEfo R «flnd B RRRRRFnol oT L, "

processi ng apparatus 100, shown in Fig.4, as an exanple. This picture
pr ocesshery igne gmature d41a b}sariadﬂnamcebgrhmmatmty separation sipage appbCeas i on 11
and a printer driver 12, both operating on a personal conputer 10
encoded into picture data for printing, the chromaticity Cb, Cr is processed
non-linear conversion by a non-linear function f(c) to generate picture data for
printing YCb’Cr’.
In a picture signal processing method, according to the present invention,
printing picture data YCb’Cr’, obtained on non-linear conversion by a non-linear
- function f(c) of chromaticity Cb, Cr of picture data by the luminance chromaticity
separation space YCbCr, is processed non-linear conversion processing by an
inverse function f’(c) of the non-inear function f(c) to apply color space
conversion processing for matching to the color space of an output device to
convert the picture data for printing YCb’Cr’ into picture data for print 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 is processed non-linear conversion by a

non-linear function f(c) to generate picture data for printing YCb’Cr’. These

picture data for printing YCb’Cr’ are processed non-linear conversion by an



" The picture processing application Il is made up by a YCC picture data
readout unit 1 and a YCC picture fornulating unit 2. The YCC picture data

.readout unit 1 reads out a picture data file, conformng to e.g. the DCF
Version 1.0 [JEIDA-49 2-1998), froma digital still canmera 30 or a nmenory
card 40, over 12 a USB interface 21, and interpol ates sanpling pixels by
YCoCr 4:2:2 or YCoCr 4:2:0, for obtaining color data of YCbCr (8 bits/
channel) fromone pixel to the next. grthe YCC picture fornulating unit 2, on
t he ot her hand, converts the YCbhCr (89 bit/ channel) color data, obtained by

pri nt IREERSP o Fc] roin Qi moPatngty BRI Do RerfFERAR sBRe 5 7he
YCC col or space here conforns to sYCC [such as | EC61966 2.1 Annexe,

cur r erbhyeRebmanaiched abdiheecblon sphee bEGhe othpupdevicey thsreberconRertsngrade up
by a cnyk converter 3, a half-toning unit 4, and a control commuand
translation uniit 5. The cC opverter .3 recgei ves the YCC [.nformation for
printit %PI%P%Q?@JOBWE’“@?\/{%&&WQ PF%PF&&% N Pﬁm%tou ,Utbg tonvert the so
received information into cnyk (8 bit/ channel) picture data, while the

hal f -t oni ng Nrﬁi&m%?}%ldlq&obeésﬁn% appatityps acesrslimg t¢ the presEntgnouénteamyver si on
to 2 bits each of per pixel) to the cnyk picture data obtai ned on

appl | J3CRBRST HOTEHRTn P RUP: RgomObeaeane « SO AL profuirein Ty °
processed with half-toning by the half-toning unit 4, to generate a printer
cont r gonsersienprooesstmgramtics olgromaticityeChaCr by amtanrbineathfunction fét), éonmand
translation unit 5 transmits the so generated printer control command via a
g?g olr %ﬁbgir?g? ﬂel}pzlﬁl,]‘t%i%&ﬁe R:w[t%flﬁ éolﬁl?r}iggﬁge %rdlﬂﬁt%ityg’ QepitatibR'PhaceY¥Ehepg I N

to picture data for printing, wherein input picture data YCbCr is converted into

picture data for printing YCb’Cr’ by the non-linear conversion processing means.

A picture signal processing apparatus according to the present invention
comprises non-linear conversion processing means for applying non-linear
conversion by an inverse function f’(c) of the non-linear function f(c) to picture
data for printing YCb’Cr’, obtained on applying non-linear conversion by a
non-inear function f(c) to chromaticity Cb, Cr of picture data by the luminance
chromaticity separation space YCbCr, and color space conversion processing
means for applying color space conversion processing for matching to a color
space of an output device, whereby the picture data for printing YCb’Cr’ is
converted to picture data for print outputting.

A picture signal processing apparatus according to the present invention -

comprises means for generating picture data for printing, the means for generating

picture data for printing applying non-linear conversion processing by a



"command. In the present picture processing apparatus 100, the picture
formulating unit 2 and the cnyk converter 3 execute the processing shown in
.Fig.S. That is, during the picture data processing, the YCC picture
formulating unit 2 encodes the YCbCr (8 bits/ channel) signal of the
received picture data into a YCC signal for printing. Al though Y remains
unchanged at this tine, the chromaticity Cb, C are converted by a non
l'inear function f(c), shown in Fig.6for raising the gradation resolution
in the vicinity of the achromatic color, and the resulting picture data

R At s AR T e %E@é}siee%tﬁéﬁet@ﬁeéf@%kunct. on

f(x) shown in the foll ow ng equatlon(l) O<x< 128 f (x) -128 x log(1l + k

x (I 28rmtinp) YELRZS, |1<ﬁgéricoth ShichAB<data by &5 iminanceldifomatioityl + k x
(x -1 8))%% 128 Tog(1l + k x ?ﬂ%’l) V\,herebI?is a coefficient and log is

natural |ogarithm nonllnear netion re by th
foI | offPRFaHERSPage JE@QI fionRicEE a¥ag oL Pkm&g1 afﬁ¥°?¥6151&ﬁ gf&&tsg oé(l : k
x (2" - X)) +2"-' log(l + k x 2"-' ) 2"-1<X<2n_1 f(x)=2" -1-2"-' X

| 0g( 1 hiesn¥-fér ‘ap ¥)l yidgon-Raédr convelsioR prodessitig, by)dn inverse {ijctismef’'échn i s the
nunber Ofdbl ts tor encodl ng Xx. During the initialization processing, which
:c 2r (r:rﬁ{orgltqeﬁgr? Hhe@?%ﬁéé@iﬁ i{q&]egglﬁﬁfggl&ﬁ% di t%?tpl iR SR, ég'ﬁerxga picture

by the means for generating picture data for printing, and for applying color space

conversion processing matched to the color space of an output device, to the

picture data for printing, to convert the picture data for printing YCb’Cr’ into

picture data for output printing.

Other objects and specific advantages of the present invention will

become more apparent from the following detailed explanation of preferred

embodiments which is now made with reference to the drawings.

Brief Description of the Drawings

Fig.1 shows the concept of a color management system.

Fig.2 shows the flow of processing for implementing device-independent
colors.

Fig.3 shows the technique of color compression.

Fig.4 is a block diagram showing the structure of a picture signal
processing apparatus embodying the present invention.

Fig.5 schematically shows the contents of processing performed ina YCC



“above equation as the non linear function f(c) and formul ates a nuneri cal
table by its inverse function f' (c) to send the so formnul ated nuneri cal
-table to the cnmyk 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 cnyk converter 3 fornulates a three dinensional LUT (Il ookup
table), having laid therein cnyk signals of the printer 50, corresponding
to YCC signals for printing, as rece%yed fromthe YCC picture fornul ating
unit 2. The cnyk converter 3 refers 10 a table, received fromthe YCC
picture a forrmulating unit .2, to.convert Cb and O at N x. N X N I?ttice

poi nt PICBER ZetnedabAgdyubrnaN. $MYkiCORSIER 10 2 PICHIG PIRERSSIAECARRFANYS (o
255), into Cb 15 and C', respectively. In the pre-recorded
threeegﬂﬂﬁﬂgﬁgﬂﬁg tdddnt inventibk signals (8 bit/ channel) of the printer 50,
correspondi'ng to Phe SYCC, are laid in the NxNxN lattice points. The
lattice points_on the same Y~ ane of the three-dj.nensional LUT are referred
to as a twolig. Whal nonglingar funciignused iR RO~ ggaloplqgeswgyagg.]}f({(
corresponding to Y, Cb' and C' by interpolation calculations to record the

cal culgt el theSgraBiibn Jed1a666 Sh e Vicihy off Glechrdafatic ddler Xghinsi gnal s
for printing, received fromthe YCC picturé fornulating unit 2, are

converted into ciovk signals (8 bits/ channel) .of the printer 50, from pixel
Lo pi XHFOMBJICItH el BB &0 Ghihespictivs:sighal PISGessing APPRELYS PROGBHIGHON. s
reference is had to the three-dinensional LUT prepared at the tinme of

initi Qirégéﬂtii@%ntidn.i s sufficient that the picture processing application 11
and the printer driver 12 per formsimlar operations not on the personal

other equi pHaty SrovRdipnEEy obgrcpiite Mk Eniomalild ChaH K LT ey
driver 12 is not necessarily in keeping with the YCC input, it is desirable

to di giciure neigealwbeddessingr apparatig e@mbodgingdthé i preserit2invenition easpithgy wi t h
the YCC input, in the picture processing application 11, and to omt the

above dendt ?Sis? 'cﬂgngméqde ﬁ‘n&er}eap%ﬁfcg{igﬁ ot'a ¥&i-ingat finction f(c) shown in Fig.3.

Best Mode for Carrying out the Invention

Referring to the drawings, a preferred embodiment of the present
invention is now explained in detail.

The present invention is applied to a picture processing apparatus 100,
shown in Fig.4, as an example. This picture processing apparatus 100 is made up
by a picture processing application 11 and a printer driver 12, both operating on a
personal computer 10

The picture processing application 11is made up by a YCC picture data
readout unit 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



"keeping only wwth the RG, in which case YW is converted into RG and
output. In case the printer driver 12 is in keeping with the YCC i nput but
-i's not necessarily in keeping with the above-described non |inear code, it

i s checked 16 whether or not the printer- driver 12 is in keeping with
the non linear code in the picture processing application 11 and, if the
result of check is negative, it is desirable to omt the portion of the
above processi ng which corresponds ththe non |inear conversion. For non

| i near conversion in the picture fornmul ating unit 2, not the equation but a

tabl e prepared in va e used. .. The of near
f unct BoHS %(B)telt ?‘ﬁfh?rjln ap an aleeSHNpl 1884’18&66‘@%?@ 632 r1 to the
printer driver 12 need not be the above table of the nunerical values and,

it it 4.3.009b£bBtARH gtwrbrnma lof "e@bCEh@ Bits/ecliginet)sfrane oaepigskaxtliyy a
common pr édet erm ned nunerical equation by the YCC picture fornulating unit

2 and a cnyk converter par aneters he .nungeri cal e ua may be
used. next.c Gr%?t%%gﬂﬁﬂmﬁlﬁgd“%h P}lﬁE%Ptﬂ?‘?Irhﬁ ra%ﬁopyggts K)lp(‘r;]li,\\gupposed
for the YCC pi cture formulating unit 2 and the cnyk converter 3, an index

represg rHlt/rlﬂrahﬂél)S&ﬂGFHh&” obBnbE byshis YICCtgietveendatcrendent anit3l,hato a
specified intrinsic non |Iinear funcCtion, the nunerical table, par aneter s

of the_numer frg .the indexes, re t|n t he.non |ine

char acYol] & bELchapiplh Eorbe i faamhgrdes o atTriots PEPTARLEY g AFReD by

| oading fromthe cnyk converter 3. If a fixed sole non |linear function
f(c), gpmayop.to the YCC picture formulating unit 2 and the cnyk converter
3, is presupposed, it is unnecessary to transnmt the paraneters. As for the

o on e STk e AR s YEE TR FRCBIIEEAT o o
e heAIrcl:eirG, currently being standardized in the IEC].
The printer driver 12 is made up by a cmyk converter 3, a half-toning unit
4, and a control command translation unit 5. The cmyk converter 3 receives the
YCC information for printing, prepared by the YCC picture formulating unit 2, to
convert the so received information into cmyk (8 bit/ channel) picture data, while
the half-toning unit 4 applies half-toning processing (processing of conversion to
2 bits each of CMYK per pixel) to the cmyk picture data obtained on conversion
by the cmyk converter 3. The control command translation unit 5 applies control
command translating processing to the cmyk picture data, processed with
half-toning by the half-toning unit 4, to generate a printer control command for
commanding picture data printing. The control command translation unit 5
transmits the so generated printer control command via a USB interface 22 to a

printer 50.

The printer 50 performs printing in accordance with the printer control



‘pircture 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 cal cul ates the conversion corresponding to the inverse function
f'(c), wthout it being necessary for the YCC picture fornulating unit 2 to
generate and transmt the paraneter by the inverse function f' (c) of the
non |linear function f(c) applied by the YCC picture formulating unit 2 to
the picture data. The paraneter of theg non-linear function f(c),
transmtted by the picture processing application 11 to the printer driver
12, need not be that determ ned by the YCC picture formulating unit 2

sol el FOMBANdhe inverse function f' (c) of the non linear function f(c) as
descri bed above, but nay be adjusted for intentionally acting on the print
results. It [hsthalsres@uspiche prodesgingrappariespHGbepistaedforppilatinge so
transmtted parameter separately w thout applying non |inear

characterjistics co nto Cb .and Cr. .The function f(c),-which is non |inear
on t handhe @ﬁéttﬁ@icnw SZ‘é%YEIFFéeﬁemﬁutBéh%‘queé%}PWW]ﬂgc%r with the
achromatic point (Cb = C = 128) as a boundary, as shown in Fig.3, but mat

be di scont i rmupiiss, agrih@dhe afieahrd)ata pheteysihy, tthe YCEeFidnuﬂEi foréauldting non
| i near coding may be applied not only to Cb, C but also to Y. The cnyk

t 3 d not_f LUL based t he non-l.i 18 YCC
Cott; aihaientades i XCHGT biisA danneD s ensbol errece Bl i AEE Harg fifo
back-conversion of non linear characteristics of the YCC of the received

pi ct ureg Yi@Ca siiinal hfort prigting. Alehqugic &6 siengaing urchaniged uate thiat tamendheonver t
the result by interpolative cal culations, using the pre-recorded LUT by the

even lattice poipts Of the sY S ref er i ¢t :
Fr ansrifioBEIS)OL b SRctreDroeeaty AfabieRn st el BB FigS ay i ver
12 need not be the values of the three pixel channels, encoded by YCC but
may al fop rbising dexgradation rebalutionyin theerieinity ofthevahronlatic eoda @nd 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+kx (128-%) , |
log(1 + k x 128)

f(x) = 128 28

128<x < 255

log(1+k x (x - 128))
log(1+k x127)

f(x) =127 x +128

where k is a coefficient and log is natural logarithm.

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



‘"There are occasions wherein the processing for adjusting the color or

| i ghtness in the YCC col or space is perforned in a pre~stage of the YCC
-picture fornulating unit 2 in the picture processing application 11. The
YCC picture data readout unit 1 nmay read out pictur a data from equi pnent,
not shown, or fromthe network, or the YCC picture data readout unit 1 may
be omtted, in which case the YCC picture is generated within the picture
processing application 11. In this mpgner, color reproducibility my

| ocally be inproved in the color space by converting the chromaticity
conponent s, of. . the YCC picture data into non |linear conponents and

trans ?FPHU&Qhe conponents in appropriately changed encodi ng density.
Fig.7 plots the range of L* = 505 of the values encoded with the

i nf or goegt&@rlvol une of YCC4 [bitlchannel] on a chromaticity di agram of the
Cl ELAB col or space, which is the uniformcolor difference space, in the
sane way as in Fig.3. Specifécally, Fig.7 shows the results of encoding
obtai ned by _ 19 dppllvi kg (@€ na)) | inear function f(c) to each of Cb and O
to chafr(@iéiﬁ@"g]e’h Y ( 2 42t hat the density in the vicinity of
the achromatic poin Bdcloke&sZ hibher . By raising in particular the density
of the vicinity of the achromatic point or the skin color, it is possible
to inggqve thsncolor reproduci bility of a natural picture. Industrial

Appl i bﬁiﬁf& Aﬁbbrding to the present invention, described above, color
reproducibility in the color space may locally be inproved by converting
the chromaticity conpon?nt o JLhe picture data and transmtting the
conpo s= hor- chandi i i4ty-a&ppropri atel y. 20 CLAI MS 1.
A picture signal proceki(hg kwef2ibdIwRB)n, when input picture data by a

| um nance chromaticity separation space YCbCr is encoded into picture data-
for

where n is the number of bits for encoding x.

During the initialization processing, which is carried out before starting
the picture data processing, the YCC picture formulating unit 2 determines the
above equation as the non-linear function f(c) and formulates a numerical table by
its inverse function f’(c) to send the so formulated numerical table to the cmyk
converter 3. The table tabulates the results of the conversion for 256 stages of 0 to
256 in 8 bits.

During the initializing processing, the cmyk converter 3 formulates a
three-dimensional LUT (lookup table), having laid therein cmyk signals of the
printer 50, corresponding to YCC signals for printing, as received from the YCC
picture formulating unit 2. The cmyk converter 3 refers to a table, received from
the YCC picture formulating unit 2, to convert Cb and Cr at NxNxN lattice points,

obtained on equal (N—1) division of each of the YCC axes (0 to 255), into Cb’



‘printing, the chromaticity Cb, C is processed non |linear conversion by a
non |linear function f(c) to generate picture data for printing YCb'C' . 2.
.The picture signal processing nethod according to claim1l wherein the
gradation resolution is raised by said non |inear conversion processing in
a portion which is visually crucial or which is desirably reproduced to
hi gh definition. 3. A picture signal processing nethod conprising applying
non |inear conversion to picture datﬂsfor printing YCb'Cr', obtained on
appl ying non |inear conversion by a ton linear function f(c) to

chromaticity Cb, C of picture signals by the.|lum nan omati ci

separ anfofr }s/,paQﬁ@e‘m‘b@D’ Iy thh HfﬁﬁéQ@@efluﬁH??ﬁhmnS’@@?fg*ﬁ&g CnERYN near
function f(c); applying color space conversion processing for matching to a
col or Ty t (o5 t i f@r

S G i o S K R e o

si gnal proceSS|n? met hod accordln to claim3 erein a&, ast ? of the
non | ihealN*dbtNelaitiep peiséesdiaglaifiee (PRINELIQY Bpat@meodvE ? essi ng

is performed by processing with an equation to convert the pi cture data for
21 priggd eﬂain@%l&ﬁal Lmoartehefd}ré‘dw@s Qtﬁv@-(fll@ﬁerﬁﬁd)ﬁﬁl Ut ddloglatS theThe

pi cture si gnal processing nethod according to cl a| m3 wherein at | east one
of the non linear conversjon processi ngl Sfdeé g.{ ace conrerm on
procedely 0f pemboynaddbly uTesPoAding ta Py P ordRd Lfe Y ogigTpolatie t o
convert the picture data for printing YCb'Cr' to the picture data for print
out pUtcTaldiﬂ?tl&&s fB‘&th&rth’é éaléum?@d v&lﬁx@@eBahﬂg protbaing@ef tidlphiguteodathai m 3

wherein a up table 1s formul ated by applyi ng non Ilnear conver5|on to a
o1 ocodBedl GnSnABAOr B TR g SE BenY L Bliore, FERURLRE ALt By an
i nverse function f' (c) of said non Ilnear function f(c) and by
cal culapbicoavafte@UhfHEmydl signamt(8hisics/tahanhel) of the printer 50, from pixel to
pixel, by interpolation calculations, such as linear interpolation, as reference is
had to the three-dimensional LUT prepared at the time of initialization.

It is sufficient that the picture processing application 11 and the printer
driver 12 perform similar operations not on the personal computer 10 but on
calculating units or on electronic circuits within the other equipment or the printer
50.

In a configuration in which the printer driver 12 is not necessarily in
keeping with the YCC input, it is desirable to discriminate whether or not the
printer driver 12 is in keeping with the YCC input, in the picture processing
application 11, and to omit the above processing when the printer driver is in
keeping only with the RGB, in which case YVV is converted into RGB and

output. In case the printer driver 12 is in keeping with the YCC input but is not

necessarily in keeping with the above-described non-linear code, it is checked



~col or space of the output device in a non-uniformlattice obtained on said
non |inear processing by said inverse function f'(c); and wherein said

| ookup table is referenced for converting said picture data for printing
YCb'Cr' into the picture data for print outputting. 7. A picture signa
processi ng nmet hod wherein, when input picture data by a | um nance
chromaticity separation space YCbCr is encoded into input picture data for
printing, the chromaticity Cb, Cr arggprocessed non linear conversion by a
non linear function f(c) to generate picture data for printing YCb' Cr';

and wherejn said picture a, dat or.printing YCh, C' are processed non
| i nearWl?:‘?ih%Pl'sp% Pgﬁtqrrﬂfé‘feé'gli %Bﬂ‘&ﬁplﬂg%’éﬁw rgo(,ﬂ-ﬁn %‘ﬁc %ELS uncti on
f(c) to performcol or space 22 conversion matched to the col or space of

the oyipuie gﬁﬁé@q@.iﬂ@%ppmtaﬁ@hdllpiaﬁﬂyﬁﬁ tHetresilerofochedk g négatiCe, inie
converted into picture data for print outputting. 8 A picture signal

processi ng apparat.us conprising.non |inear conversigon processin ans for
appl yi n'gblﬁ O AEHt t]%‘?)rp@étr’%?&% tﬁ?o%&vsq Hboﬁs@gn?fﬁlq?'\ ﬁgﬂf’s? &bﬁ% (c) to
the chromaticity Cb, Cr, in encoding input picture data in a |um nance

chr omgfgrClihdars@maesdiban space YCbCr to picture data for print outputting,
wherein input picture data YCbCr is converted into picture data for

printing YCQ! Cr' by.said non l.inear conversio rocessi ng.nmeans., 9. The
pi cture si S%er B?B%H?@F NP U éECBM\le??’gmdfag’inﬁ 8‘%\}5[:?1* 0 I8 4 non
| i near conversion processing neans raises the gradation resolution by in a

por ti qiuetibs buit % tubRuslepiireal incidManoe ntdly bb ussddesi rably reproduced to high
definition. 10. A picture signal processing apparatus conprising non |inear

R A R A R A T
processing application 11 to the printer driver 12 need not be the above table of
the numerical values and, if it is determined that non-linear characteristics are
expressed by a common predetermined numerical equation by the YCC picture
formulating unit 2 and a cmyk converter 3, the 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 used. If the cmyk converter 3 has a
specified intrinsic non-linear function, the numerical table, parameters of the
numerical figure or the indexes, representing the non-linear characteristics, may
be acquired by the picture formulating unit 2 by loading from the cmyk converter
3. If a fixed sole non-linear function f(c), common to the YCC picture formulating
unit 2 and the cmyk converter 3, is presupposed, it is unnecessary to transmit the

parameters.

As for the information of the non-linear function f(c), transmitted by the



"non |linear conversion by a non :linear function f(c) to chromaticity Ch, Cr
of picture signals by the |um nance chromaticity separation space YCbCr, by
-an inverse function f'(c) of said non linear function f(c); and col or space
conver si on processing nmeans for applying color space 23 conversion
processing for matching to a color space of an output device; whereby the
picture data for printing YCb'Cr' is converted to picture data for print
outputting. 11. The picture signal pfecessing apparatus according to claim
10 wherein at |east one of said non-Ilinear conversion processing nmeans and

the col.or space conversion. processjng neans is formed by equati
pr ocePAFIHEC PEAFRSSINE AP t’ﬂpncg ﬁrtg tngﬁHﬁ%ﬁB‘é@&s‘?ﬁﬁ Sﬁgb&éP% stthgtc:)?%i ng to
claim 10 wherein a | ookup table for performng at | east one of the non

| i neanie@ny €6:5heRtIAEAGACS igedcaines ARE taakeitsIhe paransiees sf die powderat ng is
provi ded as said non |inear conversion processing neans and said col or

space conversiQn processin ans, respectively, and wherei east one
of saittngan Haldaibecnnlisdkioohe Metss Sak, anddhermyds CoRVeriecs calwARs| on
processing is executed by referencing said | ookup table. 13. The picture

si gnalther esB&ssion appespdndingcarthe Ngveeses fahoud® ff’(u’)f heithe@nit itwimg | ookup
table formng neans for formng a | ookup table by applying non-1linear

conver Si on processi a uniform]attice.in the color space of. picture
ot a SR R The RO phghile ObBhlae Ffitea orgrnrsn aid Jransalic thé o
said non-linear function f(c), by said inverse function f'(c), and by

cal culmirametarby e iiversd fiendrisic igd) bb thd aondimsar Spackonff(d)eppliedoby devi ce

in the non-uniformlattice processed the non-linear conversion processing
by Saitﬁe If(\f&r psl?:tdcr% %}'ringpating%f'nit 2 to the picture data.

The parameter of the non-linear function f(c), transmitted by the picture
processing application 11 to the printer driver 12, need not be that determined by
the YCC picture formulating unit 2 solely from the inverse function 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-inear 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-inear 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



f' (c); conversion processing neans for referencing the | ookup table forned
by said | ookup table form ng neans for converting said picture data for
.-printing YCb'Cr' into picture data for print outputting. 14. A picture

si gnal processing apparatus conprising neans for generating picture data -
for printing, said neans for generating picture data for printing applying
non |inear conversion processing to chromaticity Cb, Cr, in encoding input
picture data by the lum nance chromatjigcity separation space YCbCr into
picture data for printing, by a non linear function f(c), to generate

pi ctur ta for printing YCb' C'; apd,conversion progessing nmeaps. for

appl yif@gﬁoﬁtm?%eﬁ?m&n\iréﬁl%ntlm%c@gsm‘?g,ml}@%‘tﬁoﬁveﬁgg Fﬁlg{ctﬁecg Moy of
said non linear function f(c), to said picture a data for printing YCb'

C', GRRRIGRErivnSe fomBidesr Charaeditissi ofthel ¥YAC ofdht aeteivedpictureg, and
for applying color space conversion processing matched to the col or space

of an out put_ deyice,.to convert th icture data for printjng YCh'Cr' into
pi ct LrdRtay e Ahe diméu@fpﬂ\e PFQGEEFIRG. of e R{ﬁ&t%ﬁﬂt%&p@ﬁmy&{tﬁs&( Eégﬁl\]ﬁé A
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applying the non-inear function f(c) to each of Cb and Cr to change the density. It
maybe seen that the density in the vicinity of the achromatic point becomes higher.
By raising in particular the density of the vicinity of the achromatic point or the

skin color, it is possible to improve the color reproducibility of a natural picture.

Industrial Applicability

According to the present invention, described above, color reproducibility
in the color space may locally be improved by converting the chromaticity
components of the YCC picture data and transmitting the components for

changing the encoding density appropriately.
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converting the picture data for printing YCb’Cr’ to picture data for print
outputting.
4. The picture signal processing method according to claim 3 wherein at least one
of the non-linear conversion processing and the color space conversion processing

is performed by processing with an equation to convert the picture data for
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non-linear processing by said inverse function f’(c); and wherein

said lookup table is referenced for converting said picture data for printing
YCb’Cr’ into the picture data for print outputting.
7. 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
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h& () -8. A picture signal processing apparatus comprising
non-linear conversion processing means for applying non-linear
conversion processing by a non-linear function f(c) to the chromaticity Cb, Cr, in
encoding input picture data in a luminance chromaticity separation space YCbCr
to picture data for print outputting, wherein
input picture data YCbCr is converted into picture data for printing
YCb’Cr’ by said non-linear conversion processing means.
9. The picture signal processing apparatus according to claim 8 wherein said
non-linear conversion processing means raises the gradation resolution by in a
portion which is visually crucial or which is desirably reproduced to high
definition.
10. A picture signal processing apparatus comprising
non-linear conversion processing means for applying non-linear
conversion processing to picture data for printing YCb’Cr’, obtained on applying
non-linear conversion by a non-linear function f(c) to chromaticity Cb, Cr of
picture signals by the luminance chromaticity separation space YCbCr, by an

inverse function f’(c) of said non-linear function f(c); and

color space conversion processing means for applying color space
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11. The picture signal processing apparatus according to claim 10 wherein at least
one of said non-inear conversion processing means and the color space
conversion processing means is formed by equation processing means.
12. The picture signal processing apparatus according to claim 10 wherein

a lookup table for performing at least one of the non-linear conversion
processing and the color space conversion processing is provided as said
non-linear conversion processing means and said color space conversion
processing means, respectively, and wherein

at least one of said non-linear conversion processing and the color space
conversion processing is executed by referencing said lookup table.
13. The picture signal processing apparatus according to claim 10 further
comprising

lookup table forming means for forming a lookup table by applying
non-linear conversion processing to a uniform lattice in the color space of picture
data for printing YCb’Cr’ processed non-linear conversion processing by said
non-linear function f(c), by said inverse function f’(c), and by calculating an
output value matched to the color space of the output device in the non-uniform

lattice processed the non-linear conversion processing by said inverse function
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YCb’Cr’ into picture data for print outputting.
14. A picture signal processing apparatus comprising

means for generating picture data for printing, said means for generating
picture data for printing applying non-linear conversion processing to
chromaticity Cb, Cr, in encoding input picture data by the luminance chromaticity
separation space YCbCr into picture data for printing, by a non-inear function
f(c), to generate picture data for printing YCb’Cr’; and

conversion processing means for applying non-linear conversion
processing, by an inverse function f’(c) of said non-linear function f(c), to said
picture data for printing YCb’Cr’, generated by said means for generating picture
data for printing, and for applying color space conversion processing matched to
the color space of an output device, to convert the picture data for printing

YCb’Cr’ into picture data for output printing.



