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SUMMARY
According to one aspect, an apparatus is described which includes means for
generating a plurality of matrices and means for chroma enhancement of a color in

accordance with one of the plurality of matrices selected in response to the color.
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[0010] According to another aspect, computer readable media is disclosed, operable to
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the first and second coordinate values, and multiplying the color in the first format by

the selected conversion matrix to form a color in a second format.
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[0022] FIG. 10 illustrates another embodiment of a method for chroma enhancement;

[0023] FIG. 11 illustrates an example embodiment of a method for converting (B-G, R-
G) data to (Cy, C;) data;

[0024] FIG. 12 illustrates an example embodiment of a method for selecting one of a

plurality of chroma enhancement sub matrices;

[0025] FIG. 13 depicts another alternate embodiment of chroma enhancement;

[0026] FIG. 14 illustrates an embodiment of a system for performing optimization of
CEM coefficients;

[0027] FIG. 15 depicts an example embodiment of a method for determining
coefficients for use in chroma enhancement;

[0028] FIG. 16 illustrates an example embodiment of a method for optimizing CEM
coefficients;

[0029] FIG. 17 is an example graph of Ky as a function of L; and
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designs employ a color correction matrix and a color conversion matrix to convert RGB

color space to YCyC; space in a color-processing pipeline.

The main function of the color correction matrix is to compensate for the
difference between the spectral sensitivities of camera sensors and the spectral
responses of human visual system, also referred to as color matching function. The
function of a chromatic enhancement matrix is to transfer RGB signal to YC,C; signals.
Adjusting coefficients in this matrix may perform further color tuning for the camera
system.

In order to obtain the best color reproduction efficiency, the coefficients in the
two matrices may be optimized according to camera properties, image quality
requirements and also color preference.

Example embodiments described herein allow for converting from RGB to

YCyC; space to obtain optimized coefficients, which minimize the color difference
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prism to direct the light reflected from the image, for which a picture is being captured,

to the corresponding CCD for that primary color. The output of sensor 120 is a raw
signal comprising red, green and blue values for each pixel, referred to as an RGB
signal.

Image processor 130 receives the RGB signal and performs various types of
further image processing. Any type of image processing may be performed in image
processor 130. Chroma enhancement embodiments are detailed herein which may be
performed in image processor 130. Other examples include de-mosaic, white balance,
color correction, gamma correction, various types of encoding and decoding, and
processing for display output or other output. These are detailed further below.

In one embodiment a sensor 120 may be integrated on a single Integrated Circuit

(IC) with image processor 130 (i.e. a CMOS sensor integrated with image processing
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data as well as instructions for performing the various procedures and methods
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described herein. Those of skill in the art will recognize that memory may be
comprised of one or more memory components of various types, that may be embedded
in whole or in part within image processor 130. Memory 140 may be used to store
instructions for performing image processing along with other functions of image
processing 130, partially processed image signals, as well as captured images.

Storage 150 is also shown connected to image processor 130. In one
embodiment, storage 150 is shown separate from memory 140 for clarity of discussion.
It will be clear to those of skill in the art that memory 140 may be used to store captured

images and may be volatile or non-volatile, or a combination of both. In various
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t he
\s‘mgsubsqar de such &ashipng inpsedsed stomascmpy dg rrmeze avaﬂafr}@o%l@ugh an
of , ski i n.the,ant ognL,
S4B b Pt SRR Al PBAE TRl meci
st that bioRige RYaddy BaPBE degedsad \Ahdb@e:ﬁ;ed by seketingvitichippropriate
i mge processor 130. Menory 140 may be used to store
irerBeYab ‘iQYﬁ@ for performng i mage processing al ong
W th eflﬁﬂb?ﬁﬁl&gs ctherh RBSis F’lfé %Plg’gommumcatlo device
parti a Iy processed’ I nage signals,” as we as captureg
istegssSa nobild 2} calmmagk:pﬂxﬁﬁ: b othes wirsless\commnmieaticedddvice. Thus,

[ e processor 130.
F?Eg Fcheplcts transcg“lver 1"78 connected with storage 150 for transmitting and

receiving images via antenna 180. A transceiver 170 may also be deployed for
performing wireless communications. Any type of communication protocol may be
deployed for receiving or transmitting data from device 100.

In this example, transceiver 170 is shown connected to storage 150 for retrieving
images for transmission to a remote location, or for receiving images from a remote
location and storing in storage 150. Received images may be processed in image
processor 130 and/or displayed on display 160. As described further below, chroma
enhancement may be performed in image processor 130. In various alternate
embodiments, various other image processing techniques, examples of which are
described further below, may or may not be performed prior to storing and/or chroma

enhancement. Thus, raw data or partially processed data may be stored for further



enbodi nent, storage 150 is shown separate from nenory
140 for clarity of discussion. It wll be clear to

wohosa2eif77skill in the art that nenory 140 nayPO®/US3®E/019784

[0048]

[0049]

[0050]

[0051]

to store captured i nages and nmay be volatile or
non-vol atile, or a conbi nat i orP of bot h, hi
vari ousenbodi nents, storage 150 nay ri se vol ati
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o CURANSETFRY VA OPC OF i TReKE SOmE SEIpt Fiics- Rternatety,
deyh&e ot Gagedi be Olgerﬁﬂﬁﬁe&’tstﬁ%ﬁeq%Eﬁr ROQIMBHAdETHINeW e Any
inthe art. A socket for use with for renovabl e menory
cambsatiay ob thede feichyigues hapusilembb sl asywilbbe readdyepparent to one of
connect tqQ, i mage processor 130. Various enbodi nents
FRORgS skl g A

i'ncl ude a separate display, such as a

Li qui &r1Gr ¥ HepictstinSdXanipld &fBddiRentod e intag protkssdi $BO.a¥raditional

| mmges may be shown on display 160 as a direct output
dmagerpEpsessyeE invelvg canyessinntad aanREE melput (Drimgggecolor space) of a

f’s%r?%)gg%fcﬁ FET% tgsgﬂsgg‘ﬁ& 5‘8 %g%g’[%ngéts Lr%}é&?en? P?lg% %g;{cgy ij@ C%CbCr, the

rocessor rnan a
efbsalinAfRsRt infodinhitio atd hetinag@nnétnaton Hond trpingige b0 contained in
(not shown). [0044] | mages, .including still and_ vi deo

isreAsiE chifiiste SKed- dermatingesef fercwsions Campressignymgthods, examples of
A FERAE THRCARAYRGY AR R pORRACSTIAR: bERRPLEA cmbodiment

(1BPE®)veoto dtlndtlatd nhgam Euiranbéuem gasPilethilede hEveper t'Barious alternate

(ORI iy et 4 oBPGIPERES o5y PRELSTHY el components
NRbictdaCinUehes. St 0FalRerddbe, Whé Bider tc{f%rg&giiﬁ§ -Iraalynzﬂﬁ@ by RANalternate

out put for connecting an external storagé dévice may
renbwdphengse (for xampln, whitp balahes mey mrecstt gmpeniexarenpay come after
devi ces be provided in combination wth storage
o] .rcPﬁecga’l%h fashi on, increased storage may be nade

avai | giytgrdchived Bond sexbie kil asGenvde 20,38 delierdie®elh6dhic block
above, storage 150 may conprise a renovabl e nedi a such

28t Drwpsie ungpers ary Weblyknown; in thearscad gre denlexedsferinsgrpolation
So%lil%&?%%%ljgnhcﬁft , &Bﬁsol%aéle{‘l(gg&?l@yiﬁgle g:r(f;i? o %‘T\J(PEO gl%g]inﬂd? generally

one € ne canera s i nte ed W _
ofiprilésCavi RGB dgmils; evithug Bingke dlerofor kschopixelg bhditt@routput is RGB
tel ephone, or other wreless communication devic

Thatrswitle iterpelagrdiiabies for i s gterty and hipg ot Gixed docafipp, The output

S AR 1, APSENEL 598 AL R i,
faoray pd dhiarstorad) inmealoes or aoyotier ¢ahhigns forARGBtdapekofwn in the art.

omuni cati on, pr.ot ocol y. b
an alternate embgdlment, n erﬁPc/:h tlelree sensors are deployed (such as a 3-CCD

camera), de-mosaic block 210 may not be needed, as a red green and blue value has
been captured for each pixel already.-

White balance block 220 is used to balance the relative intensity of the three
RGB channels. In this example, white balance is performed on the output of de-mosaic
210 (or the raw signal, if de-mosaic is not deployed). Various white balance techniques
are known in the art and may be deployed. For example, the gray world algorithm or
color by correlation may be used.

Color correction block 230 receives the output of white balance 220 to perform
color correction. As described above, a camera typically has spectral characteristics that
respond to light differently than a human’s response to light. Color correction attempts

to balance the RGB channels to match eye. For example, in one embodiment, white



depl oyed for receiving or transmtting data from
device 100. [0047] In this exanple, transceiver 170 is

wehaesn2sionnect ed to storage 150 for retrievi ngPCIAGE®S/019784

[0052]

[0053]

[0054]

for transmssion to a renote |ocation, or for
receiving i mages froma remot € | ocation and stori ng in
storage 150. Received i nages. nmay_be proces

}bﬁ’@@%%@ Gr3%3 JpteR &ﬁ@?fomaéwnég}@aor&% nmﬂé)ﬁ)r %(91036’@13’ %@hes &5 tb diagonal

: egwf \s&ﬁft&ﬁ&m&%‘ ot £ U o HHARGRTERD o REB values. By
orrre I mage processor I'n various alternate

eotuoadi, e ithis exanaple oams];ora:tohectmrrmgp emptuyeesﬁll]rﬁgd matrix. Values in the

t echni anmpl f whi ch ed further
A B e R i PR doRed 1 ek TEye i goe. Gamma
RBHLQ{onP0QERIRA W'Ef colbB U§rred’[i%ﬁ’2@9t GaftfmP&rtdcAbh ¥ used to
processed data nay be stored for furtherchroma
@nmdaemge&mpmtedm@ adisplay éo bhitasera hunleaiscdere of the actual object

9 B&E% & lf‘Aiﬁye r O%E’Jﬁe g%@glggg@fﬂgﬂ%ﬁ% g{;’[f Igsrtlrcrze A linear

kh&g&eﬁﬁw}ﬁg}%@&sm be depl oyed, as w || be readily
apparent to one of ordi narg skill in the art. [0048].

FIG ZLhiepp enbangemeniabiple 260nseavarerRCBf sighals fonyErC: signals as is
0 ge

RERGERERY, 007 apfigigtdr RlyptsIRE T (RGIAE ABhARhIBO2XG Bditionally
pesadds, eshutldediScai@nyperfomzdhce @s Yillusfraedrabel¢woipovagiotis example
col or_space), hi YCb , the chrom nance informati on and
ICEPOABMEE- i nf ormation fromthe i mage are contained in
separ i
Seoor SHE SIRRIE e LRAGHIR! 21035 gt Gy arvr 20
doptiovieBGor ddnvertmgthe elnbmadmﬂthiedd;ig'ual fdrelispkeyngyl @ monitor, such as

SEpl 0 o ettt SaUanE R ey neHb e S o0 ROB
i &Cb glz BAdA! fop @pla@onméw gpl‘i)dfte la@frﬂﬁvei? T6r Sy f%EQ)f display

conpo nts depicted’in FI ernore, the “or
sigopl maye be msgfwdaso congert Yher quiput of |ch@mea@réxammmt Adhhfag display on

B S P RS AR RS e R goomen

1250 3ha nfesPetform SUEHioAs prédtsahg, kdbh ad é‘ncﬂﬁitio‘ﬂ%h&/@r b&npressmn and
de-npsai ¢ bl ock 210. De-npsaic functions are wel
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) S B, 1 B0 Lonf BH8L Al gl P o sorge
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out put i s RGB
delivered for storage or through an external connection. The connection to storage 150

or alternate external connection may also be used to receive data by decoder 270, which
may be used to decode or decompress to a format suitable for display, as described
above. This feature may be used, for example, to display a stored picture for review on
a camera or a mobile phone, the picture or video, having being compressed and stored,
according to the respective format and storage media 150.

FIG. 3 depicts an example embodiment of a method 300 for performing various
functions on a device 100, such as a camera, camcorder, mobile phone etc. The process
begins in decision block 310. If a new image is to be captured, proceed to 315 to
capture the image. This may be performed using a lens 110 and sensor 120 as described
above. At 320, preliminary image processing is performed. This may include such

functions as de-mosaic, white balance, color correction, or gamma correction, as



data with interpol ated values for red, green and bl ue
at each pixel location. The output may be serialized

wOi20s/12810Mpri se three serialized signals or a BCIIS2005/019784

[0055]

[0056]

[0057]

[0058]

[0059]

serialized signal), an array qf data stored in nenory,
or any other technique for RaB%ata known in the art.

In a | ternate enbodi nent, in which three.sensors_are_ .
0%5?%?3& 0¥ic 2305 Pafosahchugme, ephaneement, uging BP0k ths igeniques
NR¥critll HeGeiR € 88l 8EhtaiR SnoliBne, ERANAhhRh B HIAS H%ab%rformed on

been captured for each pixel already. [0050] Wite
xtdrad ovages@ekvell20 i s used to bal ance the relative

intensity of the thr h els. In this, ex I

whi o Beimihete oty Bprla: Gt FHEmG, FPHRCBietE fipgaf b a stored

Zfdol Oprob & 102325 k@) Réttievd §toftd- MMiEai datd. S Id@ke defal AXL®E-stored in

Various white bal ance techniques are known in the art

Sheragmnedia dp foy eyamplgy oegmynother magea, sggnopey ingthe art. At 330,
' cql cor ' .

LsRak oot n ¥ty Sb S EhIR D PBG BEMEREE el B need o e

wdicobpiedednce 220 to performcol or correction. As

descri bed above, a canera typically has spectral .

char acte?40s fioaxeithen 829 65 d3h perform chpmagnhpageasnt.y Vereys chroma
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transformatio di | matcix), ich only applies

1 GroaghRareeatiutin RO THwohn Mabl it EoBFRet fg Kigwn such as
tWEC U8 RGBIaYWyefiafholér Ed16r SiaBe YeInRS - JRke CRRIMASkhancement is
in this exanple, color correction my enploy a full

Pesfonmed ak340/4f theschrema lsghansed imager s td dsi dspayedpandgdession block

t response ser t { the e ul d, see. Ganma. .
B BEERETESRD RefemnR ahY Rirobthsrliest Xsib 1 s, R gl display
2Bfmat PNt 1B6MitdR G loBibr idSsplyadévice. NarIm| Halever MRO&verted signal to
projected on a displ a)f to imtate a human's vi ew of ) )
tdigplaie foraimags) wewingn fThen gropeedjo deeisionxidaglh 860.5 If no display is
t.ypi.cal 1{,ar,-Aas a gamma characteristic. A linear
Crﬁg@ge?t%%%g dlttgg’r?g'y be desired. [0052] Chroma

enhandan@dtisidil 8k 2360, a0 BtoedgeSofRER ¢lirgmal ehhtuiced Gignal is desired,
signals as is traditionally done durina col or
JEARESA P oPS BhEENPHORAL FRIBIRESHOD BIRY R fenlayeg | yAt 370 the chroma

' . re f , - . .
PR ST ARt S P BRI mBgy SRl Hrcin.  Once
atdrpditor of stadagoisemot désined gorecded 26 Geaisiyn bleckidls.vered to
di spl aXt c?erc{s}/oenrblgcﬁ(o375, if an external output is desired, proceed to 380 to transmit

to a remote destination. This may be a connection to external media, or other device for
receiving image data for further processing display, printing, or any other technique
known in the art. In one embodiment, images and video data may be transmitted via a
wireless connection to one or more remote stations. Various cellular data and Wireless
Local Area Network (WLAN) systems and standards are well known in the art.
Subsequent to 375 or 380, the process may stop.

As described above, chroma enhancement includes color conversion with
additional features for increased performance. A typical color conversion matrix
commonly used in still imaging (JPEG) is given by equation 1. Y, Cp, and C; values are
found by multiplying the matrix shown in equation 1 by the input R, G, and B values.



(optional) for converting the chroma enhanced signa
for display on a nonitor, such as display 160. In one

wenhwdement , YCbCr signals nmay need to be convecras2i6/019784

[0060]

[0061]

[0062]

[0063]

[0064]

an RGB (or other) format for |splay The appropriate
di splay driver for any type o dlsplay signal may be

inserted_to_ convert the output of ro enhancenent
250 for o¥spl ay08A9a rrt§)rﬁ8t7or sttt als |t spl ay 160.
Encoder PEp|Leceinegs Lhesput puised G enhaneansnt

250 and ay|p rforn1add| nal such as

encrypti G an /815090rrpr ]ﬁgon Qﬁé? deI i vered for

storage on nedia such as descri bed above with respect

to storage 150, as well as through an externa

CONNeCiHeRBIok oMRALiNE mafr B Rpfet Sl g BatRin Isfn%l d6@ecomposed into two
el ement. Note that encoder 260 is optiona

MdtecasaMily edd/ M2t aeshoawe id gqeationy?. &mdenulmlmg theRGB input by M2

BRhERT) Bt ndbBr Gl B0 "o ornat e ext er na

connection may al so be used to receive data by decoder
270, which may be used to decode or deconpress to a
format s QT ble for dis@®ljay, as described above. This
feature b iz |lexampl e, to display

picture for Fivi Jf clanmera or a nobile pthQLQ&ﬁg
pi cture p€ryideo, havi bei ng conpressed and st ored,
according to the respective format and storage nedi a
150. [0054] FIG 3 depicts an exanpl e enbodinent of a

th
v ca12igs MEERRLG PR G 635 B, KIGELERA Qtves (v, B-G, R-0)
@6 €Y, Th) ﬂprmﬁﬁsme@m@sema debgy %slﬂbmdmhmaionﬁﬂxﬁﬂy baiuea the Chroma

new i mage is to apt.ur proceed t ure
dinbangemyat Matriy (fEMpeThe r%BBma%ﬁXn@fo 1 rfiluatiaé ‘gﬁ%l shown in
% NsfYn 320 as described above. At 320, preI|n1nary

ge processing is performed. This may include such
functlons as de-nosaic, white bal ance, col or
correctign,_or gamma correction sdescri bed above. At
340, per & ht oned enHaricenent | Rysi ng any of the
t echni quegp desar i aathsher ixrﬁMj Rl Gartain embodiggaticn 3
chroma ephamnc nt may bg perfo d on stored i mages
as wel | . LFO05 ?E t urni to detfsgion block 310, if
chroma enhancenent is desired on a stored inmage,
proceed to 325 to retrieve stored i nage data. | mage

dat a N dxeMofin@shly Osedlti TRBE doRsiicBnvéz8lon i0sho@ma¥ERIvein equation

or any other nedia, as known in the art. At 330,
do frdHestration.f Nehiket this exemplesGEM comsists of frmsIceciligientSEG
or MPEG signal may need to be

Equation 4

0.500 —0.1687
CEM =

—0.0813  0.500

Many modern digital camera designs use either the fixed color conversion
matrix, or an optimized CEM for a given illuminant. Both methods have limited
accuracy and flexibility due to their fixed or limited number of coefficients.

To improve the color performance, disclosed herein are advanced methods for
improving chroma accuracy, by reducing the color difference between the reproduced

colors and human perceptual responses, as well as enhancing preferred colors, such as



deconpressed. [0056] At 340, fromeither 320 or 330,

perform chroma enhancenent. Various chroma enhancenent
wenhsdpement s are detail ed herein. In sone enbod#CTRISE®S/019784

chroma enhancenent is perforned on R& signals, thus

the format conversion shoul d Honvert the stored i mage

data to RGB format. Variqus ot her conversions
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chr anced s naI to.the a te display. .
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%él%rs 4ol WHieh hbR GReHRINt ByShERd.t OTﬂé sfﬁbgoge& Oﬁdvlaﬁ@@le chroma
viewi ng. Then proceed to décision block 36
dnlmnlcayentsmﬁ@qdl alend inqpeases dgxibdlitgselloyingsioy qmnmzmg of specific
gorage of the chroma enhanced

§$‘§F§a‘f" ngégﬁpﬁéd’noﬁﬂl%fgfeasto 365 where opti onal

[0065] CONPr ahsitRAitivaX] Hstireplicty a’thodl is 36 Wptififize theofdBr parameters of the
enhanced signal nay be stored in the appropriate

AEdi GEMatp aedsice |tb@<f0h>ér@ffﬁfen€§1 Ostvienr g, reprodpeeds colop diy digital
ﬂ?mg at agc? %M%ﬂ cy%é ggﬁeﬂ % T 'b&ﬁn?:klp Gie %Zélbel gp I1'_3§t]an‘1eters is

eci sl o er nal dutp
fleséased], frqgmn o4 e@d8t 0 BﬁOeXam;ﬂe aemlmdlmbms adﬂtmhsdt below using eight
destinati on. Thi sgﬁﬁ;ébe a, connection.to e

mm&ter% fo fretheg ogtEFieRts &p I ¥ageYd el gfspal the CEM
ot her
R Ry B o a R PG ! M rges
[0066] and viYdean dmt formey ming raaylsparztm@crsy |eaaraplw; rof| whish are shown in
onnect to one, or nore re ou
EaPR -GS Ao BP Gty BR il QL Pt ety gptimizing o
%¥§ér§lr@EIﬁn9s§éﬁ€Q%[E§ua%foﬁ5V\B” known in the art.
ubsequenf to 375 or 380, the process may stop. [0059]

As descri bed above, chroma enhancenent i ncludes col or

conversi on Wt d) t| onal features for increased
BESI — ‘fyrﬂﬂ

et

perform col or conversion matri quation 5
commonl y used |iedd still| imaging (JPEG) is given by
equation 1. Y, Cb, and Cr values are found by

mul tiplying the rmtrix shown in equation 1 by the

i nput _R ues. tion 060 I

conver 8t S?G?hr%ﬂn? eroae r%’taélg%l% T&&UH %’YO[ %olce]ﬁa h@@’(ﬁ% tBE subsoript p
de D ERRAeE a, . Obf, W, ¢y, Cm, dp, and dy,. There are therefore eight parameters in

the transfer matrix.

[0067]

[0068] FIG. 4 depicts an example embodiment of chroma enhancement 250. RGB
signals are received at YC,C, conversion 410 to produce enhanced YCyC: signals.
Region mapping 420 also receives the RGB signal and indicates to selector 430 which
one of N CEM submatrices 440A-N should be delivered to YC,C; conversion 410. In
this example, CEM submatrices 440 are pre-computed using eight parameters, and the
appropriate pre-computed CEM submatrix may be selected for use in chroma
enhancement according to region. In an alternate embodiment, the CEM may be
computed “on the fly”, based on the selected region. Region mapping for selecting one
of the plurality of submatrices will be detailed further below.

[0069] Note that the blocks shown in FIG. 4, as with other embodiments detailed herein

are illustrative only. The various embodiments may be deployed using any number of



matrices, M 5 and M2, as shown in equation 2. Thus,

multiplying the RGB input by M and by M results in
woOheosMehiZr val ues. Y Cb [M]x [ M] x Equati on 2PCI/US2005/019784

[0061] Matrix M2 converts (R G B) to (Y, B-GBR-G,

and M converts (Y5B-GR-Q té (Y5 C 5C). Matrix M

conprises _a 2 by 2 sbmatrix, comonly called the
GRlesten EoaisETrD nFonvexamRley eEfgitware OTCPNPs IBRigentptig may use

Moy LRSS SR e SR e BASHAD i o
|p§:r®hnmg lmhgev procesgingt |usmg45ecfnmque$ | degaitedt ihsrein. NotA hardware

et e e LRI 505, D3R BSESERBOMR: or snote
"t’@é]ﬂuc{ﬂé%f &1@&@&;%& of ARE Bhide @mndéﬁﬁnehia&s;r cdelffecients for use in

fixed col or conversion matrix, an optimzed CEM for
aY@qu@nnYdrfthmﬂlﬁnt Bot h net hods have |imited accuracy

[0070] gpd Cgleﬁﬁf}! ? 'éii d#@é}%ei] L h@ocﬁ L Xeg ?lﬁo L4 ancem%r'ﬁbﬁgo In this

REMPIdBEESn rﬁaﬁﬁﬁgmgd méc@dnnms earaﬁummdemhb@ﬂ@tf@bmamces
i mprovi ng chroma accurac%ﬁh by reduci ng the cal o
b r

dH0AeN e dleployod dm sitpidary ela @8 clgseihegraboyp dwﬂu Fﬁa‘hec'f to FIG. 4.
F&&%ﬁ ag 10" SHRRP ¥ the A d%ﬂg(ﬁ] Ia% %G1 BE e oé«g&j to generate

ors such asnmenory co OrS ors 1 nctu
tth@S{evabwpis avell & a/BF(S( sfgani ¢angprisnig ﬁhe differecedrepleen blue and green

human skin colors bl ue, foliage green, and.so on
Padiss andap RiSesigpd qog}yﬂremgctéa dtf]&r e wwmﬁfné&rmvalues for
ac% 1Jg 96 dﬂm 0d¢@EN tszo idh@h t&gﬁidhea/tﬂerm&ﬁﬁa 008 @, B C.. FIG.

o reproduce colors in actordance wt
@ sfoae embedimenhillusiratingutansformingd GB o Cp andh Cg usimg B2 G and R-G.

T M B 0 0 A —

aghbwlﬂgqlfagbngptl m zing of specific colors with [ittle
i npact on ot her colors.

C, a ab||B-G i
= . Equation 6
C, cd c||R-G
[0072] The 2x2 CEM can be further decomposed as shown in equation 7.
C, a 0|1 b||B-G )
= . . Equation 7
C, 0 c¢c||d 1||R-G
[0073] In the first matrix, a and ¢ are the scaling factors for each coordinate, and in the

second matrix, b and d are shearing factors for each coordinate. The transformation
expressed by the matrices above simplifies the relationship from (B-G, R-G) to (G, C,)
as space shearing and scaling.

[0074] Consider space shearing. In order to simplify the representation, use x to
represent R-G and (x', y') to represent a rotated space. The transformation is shown in

equation 8. FIG. 6 illustrates an example of shearing with the two parameters b and d.



[0065] The traditional optimzation nethod is to

optim ze the four paraneters of the 2x2 CEMto reduce
woheosaesior di fference between the reproduced ceComskps019784

di gital caneras and human eyes hi an exanpl e

enbodi nent, the nunber of parb‘l‘reters is increased from

4 to 8. The exanpl e enbodi nents detail ed bel ow usi ng

ei ght pardmet ér & ormthe CEM coefficient sE%lr &on 8

i | TustratjN&|gnlyl general , the CEM conver $i6Ho"

mat ri x ybe - or rom any nunber of paraneters.

[0066] Y can be forned using any paraneters, exanples
of which are shown in Equation 1., Chrona, enhancement

[0075] ey bdhpeetugt mistianghipberrrpnibe sater sptacmiZithy: &-Gedrd 4 C) 1s
T AL L TS O, i 4k, B pfvice mor
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as ap, .am_ bp, bm c , an m There are .
iifetherdne fasformtd pad e it ¢4 %O?%rﬁscrc%ﬁdl {orifS quadrant in the
kﬁgﬁ%i gf.bGR.g;%.d %He%oﬁ%éfiqm&tiﬁgmg BNt sRfwe M PR 7. With
enffancenment 0 a Cr

. R@ signals are received at YQ )
dourvieraheters b, Obt, ol,pmd dlyg ¢heefona quadtaniCio®(Csi @hake: a more flexible

Regi.on. mappi ng 4 | so. recej e RGB.s] an

el Ea s RSRrE n B SRt - RetHd SRRy » 670 fne scgments
$otopraLd GRS ATNENENRY e aREsHIM. VBRI @fjilRtion with the x and y axis,
YCbCl- conversion 410. In this exanple, CEM submatrices

ke dine spgrecrdo dplinests aightirggiengy s shawamde each regina, a@ique set of

ropriate pfe-conputed S ' e .

B GEh RS S SO aF Bubh) ARG TR BEiBleShidion.
s Qzlxbﬁpfé?taeﬁﬁﬂb@ghém % iddofiieCHY QRidrde Icanputed+"1)y; a second
the fly", based on the selected region. Region nmapping. )
pegmens|is ddgntiged e Grdrapk Inpuy'aF it ¥ F & {hFeh 6eemSBs yjdeptified in

SRR B 25 R SR B

hedgi.n are illustrative only. The various enbodi nents
may be depl oyed usi ng. any _nunber_of sel ecti on

[0076] ¢ echnisﬁb?ég}?p andbmeAcePring 1 £ vhr e or DSP
i npl enentation may use pointers, function calls,
procedures and the like to select the appropriate
coeffici entp frolen(R—G)>0; b=b, when(R—G)<0 Equation 9

[0077] Select d;, and dp, according to Equation 10.

d=d,when(B-G)>0;, d=d,when(B—-G)<0 Equation 10

[0078] Thus, FIG. 7 illustrates an example of how a more generalized space shearing
may be performed.
[0079] Consider now the space scaling transformation from the rotated space (x', y') to

(Cs, Cy). The transformation may be represented as shown in equation 11.

G =|“ 0 17 Equation 11
C, 0 c| |y



perform ng i mage processing using techni ques detail ed
herein. A hardware inplenentation my use a

woubdsipsiexer, nulti port RAM register file, oPCams2iwen197s4

[0080]

[0081]

[0082]

techni que for selecting one or, nore chroma enhancenent
matrix coefficients for use i n>YCbCr conversion 410.
[0070] . FIG b depi.cti anot her e di ment. of _chroma

enhanc@mSFR2 Bseluation { ki &o 5:NAPE G el o PEREi RPravide additional
S&lof&k or 3 8@%?1%&3%@8%@0@9{%2? Cc?é% dRHRIRE b g@? B/Q C?s x'>0,x' <

440A- N are in sim ashi on as des

afyop e Oyianld y especindtoarklatsigrned dypdy, iand M, &1 Besp&dtivielyarThe sheared
to the matrix M2 detailed above, w || be deployed to
geredindtes (hey'y axgotieined omete (BsGaReilspare aashown in Equations 12
c I S di fference between bl ue and green
val ue?’é%zs %:tfg% R-G signal conprising the difference
bet ween red and green values for delivery to CEM 520.
CEM 520 is ysed, to produce the chroma values Cp and

FIG 5 ’ﬁ§%6ﬁ§)e+nlbd§i'né?1t illustrating transf%‘ﬂ‘}ﬁtlﬁﬁ%
R&B to Cb and Cr, using B-G and RRG [0071] The
transformation fromthe color space (B-G R-G to (Cb,

Cl-) is neprrsaried.@-gh)own in equation 6. a aBon &3
Equation 6 ¢ cd ¢ R- G [0072] The 2x2 CEM can %21
further deconposed as shown in equation 7. Ca 0 1 b B

- GE ti 70 d 1 - G[0Q73] In.the first.
ratr i o seleor of 8 ahd e o) HBOY AceoRing go Eions 14 and 15,

cReyftivaye, and in the second nmatrix, b and d are
shearing factors for each coordi nate. The
transformati on expressed by the natrices above

sinmplifies the relatignship from (B-G RG t ,
Cl-) as é’pﬁgewgﬁ’é{f?ﬁf&L n sTc(%Firq’ng. [ 0074] Cog@‘itl%‘gimm
space shearing., In order to sinplify the
represenﬁ?ﬂ@%heﬁg%—dt+&’ﬂgﬁr At R-Gand (x1, y1) to
represent a rotated space. The transformation is shown
in

c=c, when(R-G)+d-(B-G>0; Equation 15

c=c, when(R-G)+d-(B-G)<0

The eight regions in this example embodiment need not be distributed as shown
in FIG. 7. FIG. 8 offers an alternate example including two segments in quadrant I
identifying three regions. A single region comprises all of quadrant IT and two regions
are delineated by single segments in each of both quadrants III and IV. Those of skill in
the art will recognize that various techniques for selecting CEM submatrices may be
deployed as described above. For example, region-mapping 420 may be used to select
submatrices using any technique for identifying a, b, ¢, and d according to
corresponding RGB values as shown in FIGS. 7 and 8 as illustrated, and with respect to
equations 5 through 15 above. Note that a conventional color conversion uses a fixed
conversion matrix with axes defined by two straight lines. By contrast, embodiments
detailed herein allow for four independent rays (alternate embodiments may use a
greater number of independent rays with additional parameters and/or submatrices

mapped to the additional regions defined in the coordinate space).



equation 8. FIG 6 illustrates an exanple of shearing
wth the two paraneters b and d. Equation 8 [0075] The

waacbesabksrrel ati onshi p between the col or space oPC{BSE05/019784

[0083]

[0084]

[0085]

[0086]

[0087]

R-G and (Cbh, Cl) is nore conplicated than a sinple
shear i ng transformation. In or'der to provi de nore

flexibj for thet ansformati on between t spaces,
an exa%t#leﬁ%a PR SR TR wggm% cpefipiGRig, m ecordance
aRfh n ek BnRdksr rﬁ}%racgﬁﬁﬁlgoce 89 ry&%ﬁ& %4 g%j‘ gAéﬁn' ﬁo?e that the possible

quadrant in the original effbod
i CEMG sutadtricest (uies canfiedaté snaghepanfor ms@laﬁthe? CBMtrhath@)J may be pre-

(PR 754, 3Bt PR PRI U3 o G PR o e coordinate
rl@ﬁﬁﬁ‘ﬁﬂoﬂt@e £d16r §Pab@ivalad béiBy @on\%rl@l (8423€ BquakiBnd ™5 G15,/for example).
two |ine segnents for x ' and two |ine segnents for y'

aferspidialy, the €EM wnlves may lietcrmphted,diraty ysiagitke cadndinate location
I lin 0 n
405 RTS8t AREG, FAbbol il BRuge MR B et may be

afoeimeld ay gcketfigcondof &% dlgﬂllﬁ‘aicﬁﬂlpbbédtshﬁmﬁﬁﬁﬁﬁ GkisHéwn in FIGS. 4

subscri pts hi this exanple, a first segnment is
i Tt By b qu}‘é%l?l&lﬁ cqmmged(by selﬁctmgbtﬂay approggigrfgur of the eight

Z‘ﬁ%@%‘“seg %Eflegé |e gh‘tg}l hlaﬁj}gaé?rgﬁtt& VfT]]uXS gan‘ap)éq_ulvalently,

xthe- efgiysubaratricesy will bdﬂdezmgadffntthersbelodent ified in

rcor dity 8 o eirdice goRmme ciptpaR ol msphod, 3Ep for erforming
V\ﬁﬁ%ﬁenha@%emgﬁt Eqgad é)&ﬁldy? 519933 }ne§€ﬂs %ﬁftab‘i@ f&}%gﬂﬁglent as chroma

accordi ng to Equation .
VManc(eglent 830, descEthgdtabove _w&h [r@s{p?&] to'[’EHGs 3. q}@ prdcess begins at 910,

A R BB Sl oS SRGHE RIS A 20

SqAGE ?&)@iv‘eﬂ Qattar(ae sda@et 8l ANinfdo@RuptiRs 6rakfiefed ﬁ’@ﬁpﬁorage media)
(x1, vy . The transformation may

r@mge@@ oo alﬂlaéhmmtumat@wann@m uging tEq celedtoh chlp[rrgoaﬁqancement
d =
T R R ARy P

fﬁs&@gﬁlag@wprdl ng to the four directions of (x A
and c¢c are ass

ed
ap arﬁIGarle lwﬁa&ﬁm%bé@gﬂlmept OWO@H@ahwementhO At 1010,
CQRGEE TBEBS 1 1 E}Fa‘} b Y bhfied Beffe BiyShumber of

space as sho g?quat IYons
techniques. An example technique is detalled above with respect to FIG. 5. At 1020,

select CEM submatrix values. The CEM sub matrix values may be selected by mapping
the RGB value to the appropriate region, as illustrated in FIGS. 7-8, or any other
technique such as using equations 5-15 detailed above. At 1030, convert (B-G, R-G) to
(G, C)) with the selected submatrix. Then the process may stop.

FIG. 11 illustrates an example embodiment of a method 1030 for converting (B-
G, R-G) data to (Cy, C;) data, as described above. At 1110, select b as given in equation
9 above. At 1120, select d as given above with respect to equation 10. At 1130, select a
in accordance with the selected b, as detailed above in equation 14. At 1140, select ¢ in
accordance with selected d, as given above in equation 15. At 1150, form the selected
CEM as shown in equation 5, combining the selected a, b, ¢, and d, as shown.

FIG. 12 illustrates an example embodiment of a method for selecting one of a

plurality of chroma enhancement sub matrices. This embodiment is suitable for



and 13, respectively. x'= (B- G +b -(R -G Equation
12 g =5{R- G +d -(B-G Equation 13 [0081] The

weebwsaksion of a and ¢ are made accordi ng to EqREriuszm®s/019784

[0088] >

[0089]

14 and 15, respectively. a ap when (B -G +b -(R-G
>0; Equation 14 a amvvhen(B-é) +b-(R - § Occp

R -G tion 15 ¢ _=cm whe
V@@P%%lﬁéﬁ 3%1({ %@%0 %éesgpg?ff‘ ahayg; gHsl 4R, @fﬁ?rgn%&aﬁepp%a plurality
eéﬁ@gbﬂ?ﬁ%nﬁtﬁgq{@ﬁtdaﬁe ofliig ttid Qf&ﬁﬁlvésgﬁ ROWIG) ﬁat%l Gt 1220, select
FIG -8 offers an alternate exanpl e i ncl udi ng
stbgriefiMsad a mesdmanted| CENE ntnrréwpmyng Ho ethe r®garmnsed w’gion from a

si,ngl.e reqi on .c adrant

B P CRA tndriceenan S8 SRR e PO Bt (Bt submartices
bt Broistaainast ﬁsnh% theagtdsiblé. sei@hﬁ&% & a, BKE| dndl Dardd€orihing them as
Wi | recognij ze that various techni ques for selecti ng

cinradpeaeationds Hp the aperppdste CE 1 e@@qﬁ:do@creme@to the location
F X re n ! 9 4 to selec
o(l}LmnEt gglcﬂegatﬁm N g#'atr?ga ? ndeq%réed?%% clpeg f?/ NG a Bm alternate

Oemlmddndltashemmﬂmaytm reafmlﬁﬁmdthaglyRGB vaI ues as
FIGS. 7 and 8 as illustrated, and with

res pecli'InGt ol3eé‘?.Pé?tF cﬂﬁl@ﬂ@r leBatshebodipse of RBtoma Faangement 250,
i

e Eobfiiiins 504, e FARKEIR A, WLl B AR Qe as this

citingtratesit in Eithod Drrﬁiﬁl‘}Sdet@léremabpmgl@Omﬂdowlécmr 430udre deployed

[ ndﬁ ndent rays(FEﬁn/i1 rnateif&%nq‘%glgllé nts eggé}cpggﬁtgl In addition, in

Pcﬁfs%ﬂ’ﬁioﬁﬁﬁerﬁ N FUBTDES d&hsyedap Qae’cttoﬂe bb g 8%{%% of E&L of CEM

ions defined in the coordi'nate space)
atricesinds defdre,ube ICEM méjealsebe @Dmpntedfomﬂat tﬂyxbased on selected

ff t d t
20%%%?@'&% thom 87 (ReAGR GRACE RN | "o KL, ik (ffeoted by
Q@&Etdﬁ'l@l@@ﬂcﬁéﬂéﬁ%béﬁﬁ% ol a %od%adé[ﬂcﬂ igRalMBE6 | ﬁ)@%xﬁlﬁ’ple in one
use as the CEM matri x) be preconmputed and sel ect ed

de, CEM sot 1ﬁﬁ%1ﬁ§el¢q§¢s‘ct @noihﬂr wedpdriEd sebl 130! is selected. CEM

L N RN Y T Y-

Aubeatiizes CTEM 1y t DNy, BRSAVEI ll@\d@bmb&ic@@ [1£920) zﬁﬁl 11326 afdy e similar

u3| ng. the coordinate | ocati
to CEM submatrices 440, 111ustrated w1th respect to FIG. 4 and 5, and may be

determined in accordance with any of the variety of techniques described herein. A
mode select feature allows for sets of CEM submatrices to be generated for various
environments or settings. Each set of CEM submatrices 1330 may be selected
depending on the environment and/or preference selected. For example, different
settings may be determined for lighting environments, such as low light, outdoor
daylight, indoor fluorescent, or indoor/incandescent. @~ Any number of other
environments may also be deployed. Furthermore, various people may have different
preferences. For example, cultural differences or geographical boundaries may result in
groups of people preferring certain color types. The set of submatrices may be
determined using various techniques including using optimization techniques detailed
further below.

Macbeth charts, known in the art, comprise an array of 24 colors used to
normalize color perception from a display or other device. Given the fact that the

transfer function of the human eye is generally different than the transfer function of a



of the color space value and the correspondi ng
paraneters. Thus, the CEM may be forned by sel ecting

woneosakstshe ei ght pre-conput ed subnatri ces, asPe@sL005/M019784

FIGS. 4 and 5, or may be equival ently conputed by
sel ecting the appropriate fourl8of the eight
redeterm ned paranmeters. Generating the eig

prapmt @F Wed) %ﬁe@lfﬁ%ﬁﬁl&es @qHﬁl%&cﬁ‘PreﬁﬁlPthStﬁ% Véil@lh% monitor types), it is
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I ustrates an e o
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G 8RR o 9ETHEE et (ABoyE Wt AGURTORS Gen che made to
%orﬁaﬁzep "tlfécﬁﬁc? \bﬁﬂh NHilRthed LibrmMies @h@ AfTREnced Between the transfer
pluralities of chroma enhancenent subnatrices is

s@netmn@d)f that lop@néoexeers wel geithe trandemfupiction ofiah nfongter. In an
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to YO Cr using the chronma enhancenent matri Xx.

t‘h?éls deesdionrdiferepens. ogdifion-fagnormmlizing with 4 wéerence, such as a

8] EELHLITy Glost BRERn SIAREPOP ALY obud i decordance

usith yasiyg paabrieroto seledtnihein gaefeincesxaMhhs it éCbodsible to perform
|s det ai | .ed aboye with r ect to FIG 5. At. 1020,

hahsinal ety shaving) didlerent batiscio wer Sk hWOR e gick their
rquml%s sel ected by mapping the RG value to the
appropriate region, as illustrated in FIGS. 7-8, or

[0090] any otMrISOesihmdaqd;eCHﬂcﬁb bes bmln@p\@hmadl ito rlmeEHZcSperceptible color

[0091]

Ee%

| d 1 B- - G) . _Cr
hirenfs. J0PUET vt DT ROV b g tor Spdce. Each
scsfome 10pABesFdfG Makbbthl dtbtr BdseS cakdmba@ R teeIA%LENRE order to
a method 1030 for converting (BG R G data to (Cb,

q»e)rfoailat @tlnasatw@s@r CBMdsubimeniax coefficienty, asarietyt ofbteghniques may be

ation 9 abo 1 ct . d.
sbT8et oY eub BBee DL {B e plred g uabe] BiciuRy s Processing
|1ﬁclﬁ@ﬁ1@cﬂﬁﬁﬁ£eﬂaﬁ&rﬁéﬂ £l th€ irisbebmaybe dﬁb&lyéd?dn @bﬁMﬁtor A user

in egﬁatl on 14. At 1140, select c in accordance with

sapywthen dook at ghe Qjecsrasarilas the, cQiERFReHdiRE tepresgtationsef that object on
tﬁé otng’tgrg sash Z&é‘gﬁq %Mé@lsa ?(M]e’:)hﬁs dg’g.’ﬂgﬁsoﬁhg%g%gfs may be changed
[1ﬁQ:8&'e]r tébfdimiz2 the Hisplay ahtbthamsaxdemifies eidcldieserelatiohstdp between
nﬁ(ta rll?s%lgyoarm %eea(t:cttlllarl] %m%Qg h?lg bgen reached. This is one way of computing
parameters as described above. Preferences may also be used this way, by allowing
various or groups of users to select preferred viewing for use as described above with
respect to FIG. 13. Various environments may also be tested by changing, for example,
the lighting of the image (i.e. outdoor, indoor, fluorescent, incandescent, etc.).
Parameters, such as CEM submatrix coefficients, may be optimized for each
environment. Other techniques may be deployed without the need for human
interaction.

FIG. 14 illustrates an embodiment of a system for performing optimization of
CEM coefficients. YC,C; outputs from a chroma enhancement block, such as any of
those detailed above, are delivered to block 1410 for YC,C; to sRGB conversion. Well

known in the art, SRGB to XYZ conversion is carried out in Block 1420. XYZ is an



plurality of chroma enhancenent sub matrices. This

enbodi nent is suitable fordeploynent as 910 or 1030,
weaomazsr’r bed above. At 1210, determ ne one of PAT/US2005/019784

plurality of regions fromthe RGB data, or, in the

alternative, (B-G R-G data. 18 1220, select the CEM
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[0093] SUDMBIT] §6Rrali3d AndREnrhSAS 1R Y44UA -3 10N HaylaBoPeMelected by selector
submatrices 440, illustrated with respect to FIG 4

ardd03n a@nmdamafy Wit tlt:]tenmdm'saleci signahc Aoy dativezagion echnigueknown in
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B afinp L gRotob R ARetER=08F Blogg Bl et pERERp o detaitea
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Each set of CEM submatrices 1330 may be sel ected

REpetimirasion ot HBM erefficimtre nY argng/ aiemsteesevdhbe apparent to those of
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erm ne environnments, SucC

lor@lor spaded aauy Itagtibsijtated drrudded. Thel etaadaémibed ot optimization need
| ncandescent . An% wn‘oer of ot her environnents
m1p¢

i nd
Ir*’g’str%gr dBlee Hepiteyer! L1¥Poney by geneied pedisriabedngr standard
RaYies talysihEbe stored for use in optimizing.

[0094] FIG. 15 depicts an example embodiment of a method 1500 for determining

coefficients for use in chroma enhancement. For example, coefficients for use in a
plurality of CEM submatrices may be determined (i.e., by, bm, dp, dm, ap, am and c;, c).
At 1510, select a reference value. In addition, a particular mode may be selected for
that reference value. For example, the type of lighting may be specified. At 1520,
optimize to find coefficient sets for one or more modes. Thus, in an embodiment such
as described above with respect to FIG. 13, CEM coefficients for a plurality of modes
may be determined. At 1530, store the optimized coefficients for the one or modes
optimized. In general, the optimization techniques described herein may be performed

in advance, and coefficients stored in various devices, such as device 100, for



preferences. For exanple, cultural differences or

geogr aphi cal boundaries may result in groups of people
wonrefsapsi’ng certain color types. The set of suboEtUS2®MES19784
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g thq nagepepcosgng ay W@H{ﬁh@E)WrrﬁnﬂﬁtbP saleeied Epmmore accuracy, i.e.
of b
SHBPR oS e g B BEI iRt S0 B IRYrf otinea

desdquetibri PRgeAP rlmtﬂeﬁﬁedtgs thensdulaﬂei At ofrtheBum of the squares of the
ed;g ancenment, and the imge n&%é* e di spl ayed on .
Prepges bivessy 9138‘?1 EFPCP%" a t‘f?é“eé dhe S%d‘ﬂél‘talues AL,

"t RE". COI I £5M %0 ersﬁi%{%,mﬁgt%\ﬁte iPthe Ot Hﬂéﬂveﬁ’l&l @@Ianeﬂ 18. User

the nDnltdr and I ndicate a mat ch®exi st
\mekmsestmawh@tlwdso detgrriae SVigrigeshore accuracy (reduced color difference)

or reduced noise.
AE =AL* + Aa** +Ab*? Equation 17
V,= S-\/WLO'LZ +w,0,” +w,0, Equation 18
[0097] In equation 18, s is a coefficient to adjust the V, values to be at essentially the

same level as AE. Variables w;, w, and w, are the weights for the three noise



in order to optimze the display until the user
identifies the closest rel ationship between the
wdi2e@liayi7and t he actual inage has been reachedPCThiS2005819784
one way of conputing paraneters as described above.
Preferences may al so be used 4 s way, by allow ng

various or ,grqups of, users.to .select.preferred view ng
f SAMRALENS & Idé‘seﬂl}?e@bé‘ﬁg@é« w2 h apg d5e ate e di ftaeanebeWeen those

B8 SRS P 4 4 R ol e
[0098]i ndoorRethtnimg tes EK®t 16, ithe eostl detion is eompl)lted Parlad@t ¢y, number of

M submat fficients i
ORIV GHIREY DORRE [ocR S Y Gt gt brute
kB9t aBeRAiic BH®R deplogéa oWttt hAORY, FluGndld, may be

iIlustrates an enbodi ment of a system for performng

o@ﬁtmﬁnz@t from pwcmﬂwm@ftask@ é\(ﬂrﬁmces Q o wanpeisare threspective
P RIRY et R R o Bl PloBR o0 oMPF g ptimization is

s&ﬁ@lete,nw piodess Meylstdgm\@themgdwgro@ééd t6 B{Rkt D656Ye modify the

conversion is carried out in Block 1420. XYZ is
aACHAeTH Jr-ReEform (chEama, grhigaesm R FRnTEtE fhgncoskunction, etc, until

to as tristinmulus values. In
b@ Esslrfgégsuwgb&g{ﬁgéﬁg%e converted to Cl ELab through
[0099]t he Cl kh alitesptecesudDatoise ciqaammmsbgme:kbiémattcecw v@&gubtien 19 is a
Cl ELab val ues from hl ock 1430, CI ELab standard
1ReEeFPiIye d)@}ﬁgr%&ugu%élpf\ylgpléﬁﬁ‘ grg] nqtjugf, gonstant values, but are
e&ﬂfﬁgle%%rdlﬁght% B0 8biik& Rﬁtﬁes@raﬁd CBRHnRAGHudO L lt'§§ 1i %:ltness value,

chroma enhancenent during the optim zation cycle. The
sanglnaland rpate throular vataesenMhn qmmmtex(s rsbowshiman becdetersnined using
of .a,stored_i mage

RSP LEe Dot B BT o ARUPIARES P bhEile, T has been

dstssbrived that Ble S%¥a&TMRSRNsAOGRARIGR sTBAY] Pich Bhdtdesm Bt c@lor or lightness
patch of a Macbeth chart, and the correspondi ng ELab

vealigs. winy ¢011§I@STUWH & metmpchmezla@nlb o0 §i acd:klemmm the following

be s for.
oy RROREoPic TR nshdbol o o epies of pppatch. For
| dxaBPle gl ANGratatitil FIGE 1 TOHe eSelickets §dn§11ﬁ1&b to Bbiae kvhbAGRe signal is

receives the Macheth col or and _generates tr| stimul us
v‘éﬂr)a e ghtnoravery dgtkac B theegertir regionshefl lghtngss, thergriganere sensitivity.

B B R e M o o S the
coeffl cients for the exanple Macbeth environnent may
be determ ned

2 2
V, =.lkuou” +k, ( ) +| 2o Equation 19
5.76 13.65
[00100] The relationship of k;, and L is illustrated in FIG. 17. Determining k; may be

performed with a lookup table such as that given in Table 1 below.



[0093] To generalize, environnents 1-N 1490A- 1490N nmay

al so be selected by selector 1470 in accordance wth
woheosmoslig7 sel ect signal. Any optim zati on techRCQWS2005/019784

known in the art may be deployed in optim zation bl ock

1440, exanples of which are de¥%ai | ed further bel ow.

Note that the enbodi nent of FIG 14 serves to

illustrate various aspedtl&lofu8btkni zation of CEM

Lthdse lof skilllin |thekart| Fdr exanpke, alteknatp oke

cogfficienfs. varijous altgrnati ves W I1 %e appargnt _to

: types

cBilor spatps may e sHSRH|tuted®dr allded] The %t hnddri

ugsed for @ptim 2gtli onggee@d not H¢ Cl glogh| The & andargds

i-n-tbl ocek 1450 mavtbe—genetated—as-described or
T T T A A Y AN == A4 TITLA L4 T AL U U O e ooT T Ty T

sedndar d Yl ues Zﬁafsﬁ'ﬁéi be s¥gred09® |use il 0.78

opgtii m zingp | O0%4]] Fl fqgdp depigat]s 36.9%1]'”@' € 78 0.756
emhodinent| of a nmdthod 1500 f or et erm niing
mt. Fofo 0.731

chafficidhts for2_9Lse PATENr ona ¥nhanb&ie

£

exanpt e, fpeffigLrants USe L [a i Tty —of . 1ICEM
sétmatri cdés mavgge de?'rg?ém ned |é. e., b%gﬁ‘ bm 30, dmo'705

ap,| am ard] Cp, @n)|. AL5AHL0, sededct a.gpef er ence val ws78

act Ad £

addsdr + 1 ~ o narld oAl o~y oo v, bhao cal
AUUT t1T U I, A :?gl 1 bal Al 1TTUUCT 11 y T ST TUUTCU T
l[fue. ~

it refdtpnce 6t | exanp’d, t A8 ype of%2 0.649

t A .
| Bghting gypy besgpeci bised] At 1320, @pbe i ze tgy i n@de1g

ffician cotec flor Aane Hhr nmre lnndes !lﬂmlc inl-an
H+clehn SetS—HoF—one Ads.—+HR A

THoT eSO~

eftlodi mert| such 349 de86#1 bed alfdve wPER espec o 0.588

ﬁb 5. 13, d.. M CO%ISTI Cl e@éﬁ Tor %Opl Uralgb-}_ of rggdes 1085

be ldetermihed At 11530 store thd optim zed
dogffici dnfs fol6the A28 pr noddy opOidBd yed. 186 0.522

erat e Up.liéd'.zlll(:‘bllll. ues pestribedchereia
?rg\ be Decrfor me:i#i n ag'\zgn:e. and |coef |S%| entsussd orec?'J187

8 [variouws| devi ee§, sumfs ps dewsge 100851 or perdsor m 0gs1

Al A A~ b s e it -.daf\n ANt e o -amaacll Ar rot vl Avsr o~
CLITTUTTA CTTHINAaTeTITe 11t VMIITCIT O Pl ur Il 'iITaAycv o Ul LERASLE LA A II%

dtdred i rpages. PR |one%éfbpdi merdt, opf)i A rati orfdis 413

penformeq pffling,| topgdet r m nestihe cegf i ci ergps| f o 375
th ' Illlstraktes an

VL trix-sets—{0095] HIG 16 |

é?tcmpl e odi méht| of O&1%bt hod 68600 PP ppt i mM%ijng CR/H

GeerT1Cclents. TQe [Progess| Pegl ig [at gg5P | Wner & 0.294

coefficients are det to 1hitial Jalues A\ 1626

pénf or&dethy oma dBhancef&hf usi g |t he098® [ent 93 0.251

gf 1] valrges— AL 680, Ttappute pst—fyypotion
;1 res%ggr?s to tﬂﬁe cﬁ\?g?‘g enhaﬁged vgﬂgﬁ-}é and ﬁAle 0.208

n
g0 andap.dosny t h wagch cosgmfi son 709 bebdwys (rade. d5ar  0.163
exanpte—tstng—a—gystemap—showr+—-G 134 —a—~coest
Plncti SP'bhsed 8f [t heO®%H ab vdl'es, %8¥ Fonver®¥dd f PIAT
bhe che pse 47 0.923 72 0.881 97 0.07
23 0.24 48 0.936 73 0.863 98 0.021
24 0.282 49 0.948 74 0.844 99 0

100 0

[00101] The relationship of k, to a is represented in FIG. 18. This function may also be

performed using a lookup table, such as given in Table 2 below.



enhancenent, will be conpared with the standard Cl ELab

val ue. An exanple cost function is given in equation
waaoos/125s17¢1 - Wh) DE + WAVn Equation 16 [ 0096] Poe/use®s/019784

variable,/ is a function of DE_and the Vn. A weighting

paranmeter, Wh , is used to bal’dnce the contribution of

DE and Vn. This grading factor is introduced because

of the intrinsic noise f Ef%-nkat"?piacal sensor. Sensor

£

noise findg 1ts y through the ijmage pr ceSS|ng as
2 vel |, Mshus| W amay |be lsel eft et f or rmkse agcurdicy,| i . ka
Il.¢]lll III LI L) bU: Ul Llf CIIELCS a||u1 cuu Cb: IIU; O

accur ac mea<dre, ?Zﬂiﬁfi nedol n eaang lon 170 |pE 0592

def i neglogges| t he QQLaI‘e gpol of thg sumpgd |t he sgula e@596
of

‘%

tha difforence het weah t ha i mMmae nrn‘ncc CLE
+-Ae—a+4 besS—Gt

|
of—t-he—ditlerencegbhetvee —t-het-nage L
48| uesO-9%l t he @BandaP-@0%/hl ues: 20L , 088 | Db .27\Jn, a 06
Yy sualy g [5€ eshh mat ey ggnpwn 1 N3t he 85¥e [ 1S 01288 1§ 604
pnrjati on_1 User Ipre pr ences may he usedl to detlerm ne

¥, | .@%5pre alturacy.6dq =duced4col 0P.5¢H 1 fererRQe) 06€.608
-[égum’eéjgéil 7 ‘—'VDEWH- D—*2—=D *851%] Tat T O, 47—V 612
3 ) .

Lati on 18 [0097] I n"equpti on iSE, s TS @ coefTilci ent

40 |adjusto f he Vngval ues7a p be ab |essesri al |y tdg sao®17

| ol acg N \ari abhl nq ALl  \apy AN VWA arall+tha wairlaht o

LA AL (o w) | — var 1 T TS V\I_L vVl AllYy vVT Al T U 1ITC "VICT UIIL =3

D th%gf{%ree ndfsecobf®hents s2 |a, ahd’ and D2 | Da?:622

and Dy dggsaf e thaydi f fessnres begveen g bpse prag@ducedgloy

y i gital fcanerastandt-hose perceived-b Yy human leyes
*h| Cl 2:8% [col or-18pacef-632p98] REtlurnPREP o FI G4 |1 16, 0.632

_2619 00%87T unctl_q | SOGWOUI ed 16" lbéggg ANY nlgg‘oer 9T638

opfim zatijon techniques npy b e uUsed exanplle

-Boyel [0.838 gradiém deszenf, brute foﬁé@Q or arﬂﬁ ot h@643

tethm ey b dep] VT gt s—VE wa—gngg—,
éﬁ rm@g@ e _det é?rn ne%gﬁfam 03\7 I’ophgééé) al ta331<7 . 9
Yari anzgss [s2 a apd aresidp respedti vess®R|i ancessqf tbese
! a; and values—na—deetston—Hlock—16 10, wher—+-he

g%t i mi %8 bn i s¢qnpl €62 | t he PfdcessOPay st op? 0.662

Sk hervg g procegd [to @bacK 165Qs5tjo npgyd Yy }he 40 0.669

coefficients  re-performehron

Be{ conpB3g t he cOst feBtk|on, d6d, upbT3 41 0.676
-33 0.792 -8 0.61 17 0.573 42 0.683
-32 0.782 -7 0.605 18 0.575 43 0.69
-31 0.772 -6 0.601 19 0.577 44 0.698
-30 0.763 -5 0.598 20 0.579 45 0.706
-29 0.753 -4 0.594 21 0.581 46 0.714
-28 0.744 -3 0.591 22 0.584 47 0.722
=27 0.735 -2 0.588 23 0.586 48 0.731
-26 0.726 -1 0.585 24 0.589 49 0.74

50 0.749

[00102] Note that various other functions may be substituted for those shown in Tables 1

and 2. For example, any function determined from psychophysical experiments may be
substituted. For example, in alternate embodiments, the curves shown in FIGS. 17 or 18

may be replaced by stepwise linear functions, which may include more or less variation.



the desired result has been obtai ned. [0099] An

al ternate visual noise equation i s given b y equation
wQ2005HgsIari on 19 i s a perceptive noi se equati BATiUS2005/019784

whi ch kL and ka are not just constant val ues, but are

vari abl e according to the sourdes Iightness and chroma

val ues. ght ness val ue, and a and are

chheosharg Qlf J&cmwsénﬁhbaﬁﬁ@réﬂsa%w%ﬁs ﬂﬁyloﬁat@ndéfttéﬁ Re#kscpr rolloff

as well as ot her

tecﬂﬁdgﬁgg%e%QMﬁggghKﬁ%Rﬁéhﬂﬁ ﬁl%ge(gﬂyobserved that the
[00103gye' s Tl&sp ofskill o the) iagevarld sihdersthnd/ drait aﬁ‘ohmm ad signels may be

col or or ht ness .val ues ntra jth a metr
Rt PSS PR AP ) ST Bkt o chbiques.  For
eemﬁg,nmta PRYE RS, BoRIahiS ﬂaﬂaﬁhaﬁoﬁl AEPSRABAL, YMbLRE and chips
| i ghtnéss of the patch. For exanple, as illustrated in
Fha, mey, be rrefeeqmed ghtoyghous eths i abioye dQSCmIItlcmeleyehe trejresented by
y very dark. he C

LPin, Sl o n oV et SR S TGRS el felds or
|p@ﬂiﬁléb9§§aﬂy7é(ﬁﬁlﬁh£ﬁbnrtﬁéfe@1€tefm ne the eye S response

noi \ s" J2 + (Ins. . J Equation 19 )
[00104[ oomoThosﬁ eofr gillt W@lhléh g appreeiatg that the jvarouws illaserative logical

[ De | . d18Y d

I@%@ub e leeS s('tlu% as EIFCE aa?éoéjlﬂ\g/%ns | %se'fi%g(frfb%a n%‘e Icgfvl\é% Wlth the

lembddlunmsts dixt]osddhereitl miay desiippen@dntddiad eletrdrtic hardware, computer
resented in FIG 18. This functiqQn ma

| b
p“@ BFsred ERITAgations ook hptht afioecleanle tha%raé i, intgrchangeability of
%a?@\bé}\‘yaﬁél% ﬁwére I@Q%c\h% 1119&1agb?tg§mg)ﬁﬁéntsv &Hsmgatgg%lcgguits, and

functions ma substitute osesovvnln
Istepschage béfenrdeeordzcdlabpveagqnefaﬂhyon icrms o theimfunetbnblitym Whether such

DRAHRRRST e B SR BT e e SO B RRGEE ey garticular
deﬁ?eatfbﬁ il Cﬂ?ﬁgﬁ%b‘n@ﬁlﬂtﬁﬁﬁ}ﬁﬁ@&j OHYheS(‘S\?e?éﬂ’l SRt "SBilled artisans may

functions, which may | ncl ude nore or | ess
\Aamlmemb her HescabedhBingfionality UUVmgn‘ﬁgyStfer aaqhep@rtjq:ulasapphcatlon

| ocatipn. of the .0
CimplSn e el Bis s IR AR errilet P ppinag feperture from
[tﬁ@é&}bofﬂ@qﬁesaﬁtﬁkeﬂdonl n the art woul d understand
that information and sngnals may be represented using

[00105hny of The yameust Jllustratiyes @htbl@@@h eedYese ndneircuits described in
ﬁ%érytnlg Szgitnh ﬁl%ren?@%gﬂ%lﬁs d%@fo@edn%&?{nrlﬁgi 198 nl%lpleﬁlcn K Ia 0 performed
rm:yh %geﬁ&fa&ﬁﬁﬁp@é protessom Quthgtﬂhl%‘ sizghalv prodessor I(DSP)} rhlﬂapfphcatlon

be r.epr.esent ed .by
spec1gc integrated 01rcu1t (ASIC), a field programmable gate array (FPGA) or other

programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
mMiCroprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

[00106] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software

module executed by a processor, or in a combination of the two. A software module



vol tages, currents, electromagnetic waves, nagnetic

fields or particles, optical fields or particles, or
wanyosgemir nat i on thereof. [00104] Those of ski PCTMmS2006/019784

further appreciate that the various illustrative

| ogi cal bl ocks, nodules, circs, and al gorithm steps

descri bed jn_connection with the enmbodi mrents di scl osed

h@a& 1esidgy 10 R ANy memory-c dagls mgraeryy &FPM megueRigy EPROM memory,
5 PRbeﬁé?ﬁ I i s o ARY

illTustrate tc?wr?? el%}lsttéggc ange&gfdl I??I)%/ngflehar dvva@g %129 I any other

sﬁﬁﬁmﬁm&rageamﬁdlum krdowasinrtbg aNeAmmxpmlplany stordgeaoddiym is coupled to
circuits, and step

dul es, esc ed abqv
o s, HEH Biero B anit e DT £ ot Hisy Tiorimation to
Sthelstdri B eanhi thh the ERLEVE rth@@tcﬁ@gehﬁkgiﬁﬁ{ ﬁla‘i’/rbe integral to the
sof tware depends upon the particular application and
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s@dﬁ berglevicBe present invention. [00105] The vari ous
| ust i I t
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hesctoms. MBlyesb eadipseare anbemte:mlrde@w f1ﬁ1|itﬂ®d swqiefbfath@ eﬁhﬁfepis described
pur pose processor igital signa cessor
DRt gFReEa oS p§839 CENGeRtSe B e campligati A@r@}ghoat the entire
fép%[:ﬁiicgﬁ(ﬁgr ammabl e gate array (FPGA) or other
programabl e | ogi c device, discrete gate or transistor
[00108] ogi ¢, Thi previeuedérariptier ef the chso]mmi anbaglimenty is provided to enable any

conbi n thereof des erf.orm.t he ncti )
R Bl s R PR Pyt PreBel S sbns g mY@igations to
Mhe§ORMBSRHEME will We ﬂeaud}h@pp@fe&l@ £ ok @mutsmn MHeOREIHQ'the generic
ma be any conventi onal processor contr ol Ier

n@r@md@md&ﬁﬂed dereimaythetappliedtoi otber gnhndipenis @nthnugfdepartmg from
f. co
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nmttecp l’c@ aBs Seﬁfbodanﬁity sBbvir Yheffin BuE HONG AL E6REdd BREwRlest scope
nore m CY%EYOCESSOYS in COé]]{ unction with a DSP core,

ofongistenbHb thegprigirlesAnd gov el fegures dpolpserd herpia. st eps of
a method or al gorithm described in connection with the
enbodi nents di scl osed herein may be enbodi ed directly
in hardware, in a software




nodul e executed by a processor, or in a conbination of
the two. A software nodul emay reside in RAM nenory,
woéhewsh2menory, ROM nenory, EPROM nenory, EEPRORCTRISRI0F/019784
regi sters, hard disk, a renovable disk, a CO-ROM or
any other form of storage medi4fn known in the art. An
age nediumis coupled to the processor
W%@ngé‘ssor can read information from and
wite information to, the sgmgﬁmsnediwn In the
alternative, the storage nediummy be integral to the
processor. The processor and the storage nedi um nmay
reside,in an ASIC. The ASIC may reside in a user
t &r i naP “PREARY SOPBPSHE her device. In the alternative,

the preeassor gaRthtinpQ phird i AT niRdiddmdmy resi de as
di screte conponents 1n a user term nal , canera, or

ot her @eyscér ¢loome 7gnhppesmeany 9faz eolarcinyaesdrdaaeeiwitlf one of the

r oW t various sections.
Tﬁl&]@%ﬁ;ﬂé@g?tﬁggg%}e?e‘é&w?éﬁ? é%&gg%t%) Mt the scope of
the concepts described with respect thereto. Such

concepts may have applicability throughout the entire )
speci f FRa@PRAatus ob 1dam tnevisred the dneps clor geperating 2 plrality of

R B TRE L Cr G By SPAREY Pr o

ed | make presen
i nvention. Various nodifications to these enbodi nents

i1l b_.e readil arent to those skilled in_the art, .
o ¢ h@%@?&ﬁ“&y %%f i1p ST e FeRnf, S GhFP g gahgacement comprises
3P RlatrBOmbRipAt ' ' i '

t he as irit po.rlh%?:ggg%g fgﬁgé ?ﬂé\fe]%}}th?g%()ﬁ%%* ? %gf;ﬁé}ﬁ% the sclected
PP rie pluxadifyt fomatisemnot i ntended to be linmted to the

enbodi nents shown herein but is to be accorded the
W dest scope consistent with the principles and novel

f gat urtife gparhRoTdlNare ARtheHAImpsifgd:Al MED |'S: CLAI M5
1. An apparatus conprising: neans for generating a
pl ur al Meansder generating 8 plugality f mesridesy chr oma

enhan t [ nce.w th of the .
o e 5 i S e 0 A0Sl 2 Fpgbl ot i
ceeleoted i respbisseapfimroalars of claim 1, wherein the neans

for generating a plurality of matrices conprises

a
meror yIEaRs 1% mming Rempfiig 2a i fugetion afthe hrema enhanced color and a

target value; and

means for modifying one or more of the plurality of matrices in response to the

computed metric.

5. An apparatus comprising;:
a memory for storing a first plurality of matrices, each matrix associated with
one or more sets of coordinates; and
a processor for
recelving a color value in a first color format, the color format
comprising at least one set of coordinates, the set of coordinates comprising two
or more coordinate values;
selecting one of the first plurality of matrices, the selected matrix

associated with the coordinates of the received color value; and



3. The apparatus of claim1, wherein the neans for
chroma enhancenent conprises a matrix nultiplier for
woubdsipsyirng the col or by a second matri X conmpPCSiUSZN05/019784
the selected one of the plurality of matrices. 4. The
apparatus of claim1, further 2donprising: means for
generating a plurality of matrices; nmeans for chrom .
enhancement CoaVering dhe Fecqivesh calpe vatuertger prcgnd cploy femat using the
mat ri cef a8l galigd i n response to the color; neans for
conmputing a netric as a function of the chroma
enhanced color and a target val ue; and neans for

di fying one or npre of the pluralit matrices |n .
e pon i RAEHS of St oy et e et A didstip ave formed using

1%y Bcocidi@m®ry for storing a first plurality of
matri ces, each matri x associated with one or nore sets

of coordinates; and a processor for receiving a color

value fn a first colar format, the col for . .
B 1 U gorzritis, o8 15, S affRigin (B aitabe of Phicisats gymorise o
GslaFality ¥t sBSarfip ok fiiidiis Nt SliraliBf 6f eamigioRtliGents| ues;
sel ecting one of the first plurality of matrices, the
selected matrix associated with the coordi nates of the

recei v, [ val ye: AvVerti .ecej I -

(55 o P g 7 VGRS PR B 9 Rling
nedllér ¥aludin THeefigppaloatfordnadfin @) edotdinatevdpaceehdtotdiag to the first and
plurality of first matrices are forned using a i i
pleaend pegrdigptecyndiss; eetpordingte sppce %edwsatsé datost pRuraitymef regions,
5 e n .4 I RV f f1Gh: [ .
fect3FEEh A OBy IR hborthe T8 pILGLETSEmERTRE) &R fie onversion
smatrixnigy seleefetliasitha fisst BatriX ressapppet avithsthe fregibmiimwéjch the color is
wherei.n the selected matrix is selected by mapping the
cBM3*%al ue in the first color format in a coordinate
space according to the first and

9. The apparatus of claim 8, wherein the plurality of regions are defined by four
coordinate rays, each coordinate ray defined from the origin of the coordinate space and
extending outward along one of the positive or negative dimensions of each of two
coordinate axes, and four or more parameterized rays defined from the origin of the
coordinate space and extending outward according to each of four or more respective
parameters, each of the plurality of regions delineated by two rays, the two rays

comprised of a combination of coordinate rays, parameterized rays, or both.

10.  An apparatus comprising:

a selector for receiving a color in a first format comprising a plurality of values
and selecting one of a plurality of first matrices in accordance with one or more of the
plurality of values of the color in the first format; and

a multiplier for multiplying the color in the first format by a second conversion

matrix comprising the selected first matrix to form a color in a second format.

11. A method comprising:

receiving a color in a first format comprising first and second coordinate values;



second coordi nate val ues, the coordi nate space

delineated into a plurality of regions, each region
wagzswaestred with one of the first plurality of PCT/US2005/019784
matrices, and the conversion matrix is selected as the

first matrix associated with 8 region in which the

color is mapped. 9. The apparatus of claim@8, wherein ]
the plsglostipg ¢ converden Bt Gempapliity efisupmgprices in accordance with
Ctﬂglﬁfjétgﬁ?gec%ﬁaéoorﬁgﬁl&\&%g;diﬂaate ray defined fromthe
origin of the coordinate space and extendi ng outward

al ong mnkipbfing e @dei tn the st fergat by ehelisofected @osverfion matrix to
each of two coordinate axes, and four or nore

BB o5 8 G080 ORI nod From the or (gin of the

coordi nate space and extendi ng outward according to

each of four or nore respective paraneters, each of

tHe plTheanethyd of claisyil brshateinitheplieadithof submatriges aret fogmed using a

t .ays. coppri sed of a conbi nati on of coordi nate
ré@%@%% ﬁQﬁﬁ?@?ﬁ%ed rays, or both. 10. An appar atus

conprising: a selector for receiving a color in a

first format conPris_in? awglurality of val ues and )
sB. ect They msithodopf #laymydhl whorest the pluralityt of ceefficignts comprise a

IR SR aie bopiiths AR Fhifapb SR e i oy o
mul tiplying the color in the first format by a second

conversion matrix conprising the selected first matrix
th* f or Theametgpd pf elaing 14.uher qomngising selecting agtads drom a plurality of

I S NG I V] I W’ LI r .
SATRS) S0 SE AT PR, L Slef P et of ity of
swbewtrices) fimnc @ pheality @f satatafisubhatoices) epttusatloif tsybmétrices associated

submatri ces i.n cordapce with the first and second
c% B?CE?&%E}‘V&H@&O%HBE%IH plying the color in the
first format by the selected conversion matrix to form
a color in a second format. 12. The nethod of claim

115, wHEBreanpathodof plaimdllj whersin thelsonversior snagrie isf sslestad by mapping
ing a.plurality of coeffi.cients..13. The t ho f

P Bof P ol e Atordife B b Srttindr e Rindle vatues, the

COIRIihA€ spack | délifdatddyin®f a pheality 08 ré@6sf t4dhe8bidn ABddcited with one

plurality of scaling coefficients, 14. The nethod of

ctfherplrality wfsHlmateisess and ithgycanaesian Mari irselected gmtle submatrix
p;lsyc;cﬂté& Xfitﬁfthe region in which the color is mapped.

16.  The method of claim 15, wherein the plurality of regions are defined by four
coordinate rays, each coordinate ray defined from the origin of the coordinate space and
extending outward along one of the positive or negative dimensions of each of two
coordinate axes, and four or more parameterized rays defined from the origin of the
coordinate space and extending outward according to each of four or more respective
parameters, each of the plurality of regions delineated by two rays, the two rays

comprised of a combination of coordinate rays, parameterized rays, or both.

17.  The method of claim 15, wherein:
each submatrix is formed in accordance with four parameters, a, b, ¢, and d;
the first row of the submatrix comprises two first row values: a and a multiplied

by b;



nodes, and wherein the plurality of submatrices are
sel ected as a set of plurality of submatrices froma
wohwsakstyy of sets of subnmatrices, each set of PCT/US2005/019784

submatri ces associated with each of the plurality of
modes. 15. The nethod of clai @11, wherein the
conversion matrix i s selected by ping the color in
ac oorﬂi@ preoad &94 08 tfm%lbmemxgcomprtsa%g’fq sespnGIRY ¥dde o multiplied
qﬁp Jate values, the coordinate space delineated

to a plurality of regi ons, each regi on associ at ed
Wi th anie selbcttd éopi twoapardryeterds asuhat;r i ces, and the
conversjon matrix is sel ected asﬁ% he submat ri x

h>

associissaleqied frophiya RAGTBECISDH @A the color is

rrappedc 1s%91e?t¥@?roﬁ}%‘}b%rﬁﬁ J&ls%" mdo; afgerei n the
plurality of regions are defined by four coordinate
rays, dcachlectod fimintosparayetesfd’ aedidi’r om t he ori gi n of

the coordi nate space and extendi ng outward al ong one

of the positive or negative di nensions of each of two
caor diNRtBeBS@ 61 clamel14,Gler@h; More paraneterized rays
defined fromthe origi'n of the coordi nate space and

ext endianlys@umatex ds bm;@i i mgomgn@amﬂi fofur p@l@metﬂrs @ob,e, and d;

respe ara ach of. al it

regi ontg1 ﬁéﬁt ??1‘%8 °r°5‘§Pnse% ﬁ’v‘% ay u%so r@p?’ndsaelamluphed
dfy® combi nation of coor di nate rays, paraneterized

rays, or both. 17. The nethod of claim 15, wherein

each she ﬁ%vpmi xow of thersybmmatrix Wﬁ%msw%r%mﬂues ¢ multiplied

p@; 55?{ a, b, ¢, and d; the first row of the

subnat ri’x corrprlses two first row val ues: a and a

mul ti pliseelettyd fichetwoamendetersw” afid 4'he submat ri x

conprl ses two_second row val yes mul tiplied by d and
a |téls§%ﬁe@€@§ﬁ9m?¥9ﬁﬁr%etﬁré#‘aﬁ%@érs a' and a"; bis

sél ected sLieany Hom Ray c%ﬁﬁééc and@nd b"; c is selected

fromtwo paraneters an ; and d is selected from

two pat @seleeted fivn trodpatimeted.d’ ahéditpatibd of claim 14

wherei n: each s s formed,i.n, accardance

our  plieardneeat e Pateleis g 20: Dutb - x &1 § ofitbi (HEY between
'Q{E%ﬁfé et COHPNiIraRESs dfWabhhtidés. r ow val ues: a and a

multiplied

19.  The method of claim 17, wherein:

b is selected as b’ when the first color coordinate value is greater than zero and
b’’ when the first color coordinate value is less than zero;

d is selected as d” when the second color coordinate value is greater than zero
and d’’ when the second color coordinate value is less than zero;

a is selected as a’ when the second color coordinate value plus the selected b
multiplied by the first color coordinate value is greater than zero and a’’ when the
second color coordinate value plus the selected b multiplied by the first color coordinate
value is less than zero; and

¢ is selected as ¢’ when the first color coordinate value plus the selected d
multiplied by the second color coordinate value is greater than zero and ¢’ when the
first color coordinate value plus the selected d multiplied by the second color coordinate

value is less than zero.



byb; the second row of the submatrix conprises two

second row values: ¢ nulti plied by d and c; a is
weebwsakeid7f rom two paraneters a' and a"; b is perast@®d019784

fromtwo paraneters b' and b"; c is selected fromtwo

paranmeters ¢' and c"; dis seIQcted fromtwo

parameters d" and_d"; and one or ppre of. the
her wethod of: -claqg: 11, further congprising recgmalgda cg]ghl,n RGB format
AR i | Sc?ﬁy
b%h T engnat hogl&rlor @elf&illénﬂ{é?ﬁﬂ{ erlgtl %Sﬁ%c?ér(gﬁ%ect R-Gand
BB-Gahen the first color coordinate value is greater
than zero and b" when the first col or coordinate val ue
is less than zero; d is selected as d when the second
col or TBRAhEthHAbECMA UE, WherbingAé 661of PiRe %&foﬁd%‘i‘nﬂ compnses aCb
when the second col or coordinate value is | ess
zod@, Crcompogetitect ed as a' when the second col or
coordi nate value plus the selected b nultiplied by the
first color coordinate value is greater than zero and
an. V\hemlﬁejﬂﬁ,dso@ﬁqmg g0l or coordi nate value plus the
selected b multiplied by the first color coordinate
val ue TPeciyiag § cpleain 3 g forgpgcemprsiagthare wliuess ¢’ when
the fi .
mul 1 presifiey B SR MBI ChUE Dotffuley r SRAREHER if accordance
gwﬁmﬂﬁﬁmhhamngro and c" mhen the first color
coordi pate value plus the selected d. nultiplied b t he
secondOEBINg 2 SHOPH| SORY SR X CouEuisig the selqcpdofrst conversion
?m;pe {dyod of claim1l, further conprising receiving a
or 1n RGB format and form ng the color received in
t he fimsltiplyonrgthe cak)r imthedostridimattbershé sacopd chayveridh matiix to form
B- 1. The d of claim11l, wherein the color in
the %@EGRS‘:W? #tonprises a Cb and a Cr conponent .
22. A method conpri sing:

23.  The method of claim 22, wherein the first format is an RGB format, and the

second format is a YcbCr format.

24. A method comprising:
forming a plurality of matrices from one or more coefficients;
selecting one of the plurality of matrices in response to a first color;
chroma enhancing the first color using a chroma enhancement matrix
comprising the selected one of the plurality of matrices;
computing a metric as a function of the second value and a target value; and
modifying one or more of the plurality of coefficients in response to the

computed metric.

25.  The method of claim 24, wherein the function for computing the metric

COI’l‘lpI‘iSCS an accuracy measure.

26.  The method of claim 25, wherein the second and target values are computed in

the CIELab format, including a respective L*, a* and b* value for the second and target



receiving a color in a first format conprising three

val ues; selecting a first conversion matrix froma

wohwsakstyy of submatrices in accordance with t RETHIS2@®E/019784

val ues; form ng a second conversion matrix conpri sing

the selected first conversion3tatri x; and mul tiplying

the color in the first format by the second conversion )

melasxALS 45 A ARD e theiy rﬁspg%tef@rddfffrsa%t andyhe aqqygacy measure is

met hod of cl ai e first format is an RGB

feowpated g EcomrPordalt is a Ycbar format. 24. A

nmet hod conprising: formng a plurality of matrices

fromone or nore coefficients; selecting one of the

7ur al They nehddBOF | G4 124, MR SBet Ametidd foit coMpOfing the metric

chroma enhancing the first color using a chroma

IPHEREENRRISSREASHE.- conpri si ng the sel ected one of the

plurality of matrices; conputing a netric as a

function of the second value and a target val ue; and

i f yThegmethed of claxh @ 7ofvhefein theweedndt andabrgepedlhiescare cbmputed in
in response to.the. conputed metric >, The hod of

e CERbab Topmat, incliding? PRIV B alefﬁhpm Tpg, &rttﬁ%second and target

r'i’%ltlﬁe'sCAE9 MRE SRR A+ AECHERGYs @aﬁz%%lﬁ‘eregées the cn;?taﬂ@% v are their

of clarm?25, 'wherein the second and target valués are

aesyeutivd varencbe sGisEL adefficientato, adjust| thelilevg] af s pese inveasure, w,,

L*, a* and b* value for the second and targetval ues,

Div* andDe; | ara resp®iive aveiglitingi paranestpre caridvthie aiofse eneasuress computed as

and the accuracy neasure is conputed as DE = VDL*2 +

AR 5. D52 1 w247 Thesret hod of claim 24, wherein the

fuhcti &n’for conputi Ag’ the netric conprises a noise

measure. 28. The nethod of claim 27, wherein the

second and target val ues are conput ed in the Cl ELab
2% nmat The method 0k glaan 2ds E’é@ltem/’éle |§econd*andrtelrgbt* valugsuare computed in

ttﬁg Cjﬁ’]ﬁzgon% and t e%t %¥egﬂ%c§1§1e ar%b* VAl fo[rx%he &cnd and target

values, AL*, Aa*, and Ab* are their respectlve differences, 6°Lx, G2ax, and o2y are their

respective variances, k;. is a weighting parameter for lightness, k. is a weighting

parameter for chroma, and the wnoise measure is computed as
oY oy )

V. = k.0, ) —2 | +] =2 .
5.76 13.65

30. The method of claim 27, wherein the noise measure is computed with a

weighting factor applied to lightness.

31.  The method of claim 30, wherein the weighting factor for lightness is decreased
for lightness above a predetermined threshold.

32.  The method of claim 30, wherein the weighting factor for lightness is decreased
for lightness below a predetermined threshold.



a, and are their respective variances, s is a

coefficient to adjust the |evel of the noise neasure,
weioes/esi7and wob are respective wei ghting par anBCeU$2005/019784

and the noise nmeasure is conpyted as Vn =s -yjwLsL 2

+was 2 +wbsb 2 . 29. The neth of claim 27, wherein

63 BLaibhr 1R of SRR NG SEpECENYEE for Jat ighiness is decreased
@Lﬁﬁtﬁe% ﬁﬂ(ﬁ@ ShtsPPrldeRAninad 98Eshefl MeBdecklased FR lighfilRs below a

b
are thelir respective differences, s2 a*, and are

s¢vend peydetetinined taeshalbes, kL is a wei ghti ng paraneter
for lightness, ka is a weighting paraneter for chroma,
and the noi se neasure is conputed as 30. The net hod of

ghai Mad, mesaebn didie B0i SeherEias thee weschtiaEPcRd Wrt Hglness is
wei ghting factor applied to |ightness. 31. The nethod
detemhiapdr@Btaniipldy B wcwnd@nw@hglchgwf actor for

i ghtness is decreased for |ightness above a

predeterm ned threshold. 32. The net hod of clai m 30,

Bher elMhct hethori ghtdldig 3¢ twiieréiar tHel gleighting faetor for lightness is
decreased for |ightness below a predeterm ned

fiefernimed & Zgordrpee Vih ABEhephysical W5, wherein the

wei ghting factor for lightness is decreased for

i ght ness above a first predeterm ned threshold and

décr eThedméthod | ofgbinive 27, behareinatizenoisel measuet &r nompaded with a

threshol d. 34. The thod of claim 30, wherein the
%@%ﬁ‘?gﬁ@t?’f&?@l’g?&%ﬁﬁ?m@ht ness is deternined
substantially in accordance with FIG 17. 35. The

met hod of claim30, wherein the weighting factor for _
Bi7ght s sndteodded daim 3 dvhercindisoweighideg focton for chroma is determined

p h sical testi ..oThe nmethod of claim?27,
%5%?%9ﬁﬁ¥%a%8§%c%gﬁgﬁg. 58 conputed with a wei ghting
factor applied to chroma. 37. The nmethod of claim 36,

wherein the weighti ng factor for chroma is determ ned .
38.  The method of claim 36, wherein the weighting factor for chroma is determined

in accordance with psychophysical testing

39.  Computer readable media operable to perform:
receiving a color in a first format comprising first and second coordinate values;
selecting a conversion matrix from a plurality of submatrices in accordance with
the first and second coordinate values; and
multiplying the color in the first format by the selected conversion matrix to

form a color in a second format.

40.  Computer readable media operable to perform:

forming a plurality of matrices from one or more coefficients;

selecting one of the plurality of matrices in response to a first color;

chroma enhancing the first color using a chroma enhancement matrix
comprising the selected one of the plurality of matrices;

computing a metric as a function of the second value and a target value; and



substantially in accordance with FIG 18. 38. The

nmet hod of claim 36, wherein the weighting factor for
wohownasi7s determ ned i n accordance wth psychepigsemain19784

testing 39. Conputer readable nedia operable to

perform receiving a color in32 first format

conprising first and second coordj nate val ues; .

sel ectPAGTENG (PP e Rt thexPioFaity LTpsaptiagipnty igfresponse to the

S dd 568ici N accordance with the first and second

coordi nate values; and nultiplying the color in the

first format by the selected conversion matrix to form

a color in a second format. 40. Conputer readabl e

nmedi a operable to perform formng a plurality of

matrices fromone or nore coefficients; selecting one

of the plurality of matrices in response to a first

col or; chroma enhancing the first color using a chroma

enhancenent matrix conprising the selected one of the

plurality of matrices; conputing a netric as a

function of the second value and a target val ue;

andnodi fying one or nore of the plurality of

coefficients in response to the conputed netric.



