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i mage when output to various displays. Color

cdfieldr si on matrices for converting the Red, Blue, Geen

" RGB) I ag C e o, S ohERsEl)
0003 oon, 58, Birsfit Bkl SRR} Plo TR ) o more
f | spsaifdally ty advanced shmmacobangersérdn. Furt hernore, it is
desirable to nodify color conversion to conpensate for

differing environnments (such as lighting conditions)
aBavkprouad user preferences. There is therefore a need

in the_art for advance ht o enhancenent. for nor

10003 o o LB e Ao e PIATo AP AELGTERP IR B ATer g of
andgifferemiel beebrd (e RpédtaniEBitins T tutniaf BfesHnd this€ of camera sensors
preferences. SUMVARY [0004] Accordlag to one aspect,
a

rAOgiop Hspiays, polorgahiaingdebly wheagtera may GEEr femnfosg perceived by
9eRRLAL 1 NehaBe rdbedd; gg }/ecﬁfiqﬁgat drk G&R W%u@%é?ﬁgé@ data

enhancenent “of a co I'n" accordance mﬁth one
plhgtvedent yartfus nedlen dersatse| andt & perforesymp nedouso enhppcements and

¢ %gJiﬁca\QQnsztg%é &%&H‘aﬁ; cgﬁ;ﬂehj %%Qg%S /(%}cagl'%%ﬁversion techniques are known

for normalizing image data to better represent the original source image when output to

. various displays. Color conversion matrices for converting the Red, Blue, Green (RGB)
color space to component color space (YC,C,) are known. However, known techniques

~are limited in their flexibility for color conversion. Furthermore, it is desirable to

modify color conversion to compensate for differing environments (such as lighting

conditions) as well as user preferences. There is therefore a need in the art for advanced

chroma enhancement for more flexible color conversion for enhanced color conversion

and adapting to environment conditions and user preferences.

SUMMARY
[0004] 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
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.




the first and second coordi nate val ues, and mnul ti plying
the color in the first format by the selected
conversion matrix to forma color in a second format.
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exatpkLe enbodi ment of a canmera; [0014] FIG 2 depicts

an exanpl e enbodi nent of an inmage processor, [0015]
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coefficients; [0027] FIG 15 depicts an exanple
[0022%knhodi At L Giflugtragns mpetheriegbodiareat ofiamnetaod for chroma enhancement;

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



coefficients for use in chroma enhancenent; [0028] FI G
16 illustrates an exanpl e enbodi nent of a nethod for
optim zing CEM coefficients; [00291 FIG 17 is an
exagﬁ gra ph of KL as a function of L; and WO
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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.

[0034] In order to obtain the best color reproduction efficiency, the coefficients in the
two matrices may be optimized according to camera properlies, image quality
requirements and also color preference.

[0035] Example embodiments described herein allow for converting from RGB to
YC,C, space to obtain optimized coefficients, which minimize the color difference

o




system [0034] In order to obtain the best col or
reproduction efficiency, the coefficients in the two
matrices nay be optim zed according to camera
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[0038] 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.
[0039) 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




signal. [0038] Inmage processor 130 receives the RGB
signal and perforns various types of further inmage
processi ng. Any type of inmage processing may be

in imge processor 130. Chroma enh
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| DSerihg HER GBI, RS ST ERHARE memory may e
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.

{0042) 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




one of ordinary skill in the art. [0041] | nmage
processor 130 is coupled to nenory 140, which may be
used for storing data as well as instructions for

form n the various procedures and net hods
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signals, as well as captured’ nages.” [ 0042 torage 150
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nbodi nent
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t orag
0P 295 ARG b oSS Rt L,y
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or, in an alternate enbodi men a direct

coMneatt dusphttior einopiting tg @@te(rxabtlewmy be[pyovided inpgegbination with
| NEloHdl 90! 'Jucmgshge §1tdiB0GBrog n@aﬁ)eﬁesﬁﬁdé‘tavhl%%ethrough an

processor conpresse any type o
C 0 Bnembcoanedtlen.h lAls da:mnb&(dmpb ssaragedISG atmy\boh]ptise a removable media

E/Eglltlcglg{l%p hcltrggeec b's gélglg%eas E% Sid llvr %eggc%ng the appropnate

CopgmReBle@Bvice optional. [0045] In an alternate

enbodi nent, a device 100 may not i ncl ude storage
[0046) t hi n Ihene gabpdiment, qaperad004s ipgeraisd With aé&ﬁ%@@ﬂ‘iaﬂ@ns device

an lfc?ﬁtkﬁ r}ﬁhblg&rc%ﬂﬁlmdﬁ}’épﬁ&en@ﬁ’ otB&' V@i%lés@)éﬁﬁijmungano@&evme Thus,

put fOI‘ connecting to exf ernal devices (%
pr EIGdéddcmct@ drappasiver o7 Owsanhectedt it etonage . 150 feyy trpnsmitting and

f ashion anr € AV
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St perdgminD Orimleys eamunisations.r emy«/tylpb of renimumicatiom ptdimol may be
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[0047] 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



renovabl e device. [0046] In one enbodi nent, canmera 100

is integrated with a comuni cations device such as a
nobil e or cellular tel ephone, or other wreless

conmuni cati on device. Thus, FIG 1 depicts transceiver
P20 Tt ed with storage 150 for transmtti F§TAISE005/019784
receiving images via antenna 180. A transceiver 170 may

al so be depl oyed for performng wreless

C O QR RiaCéthbRRfent 0¥ing YBE of fmé&re ERhL BhHaARer® rReRE. NRifernately,
be deployed for receiving or transmtting data from
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0. Regglved i es may b rocessed.in inmge "
100487 o o b1 LRGP PRy O L bl PTG s0Rd30. Traditiona
desfisdeb@dcdssing ievolvas| conversibl ofan FGB VUG EHimaeycold space) of a
performed in 1 mage processor 130. In various alternate
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may not be perforned prior to storing and/or chrona
en Bepatgrehannel Th €, Corfammad 3y used foryaneysaiomprassion mtheds, ¢aemples of

R B E ipeMEROS VIR 806 i th cxample embodiment

. nor20 chrventa Binbteate ehrenia emicessmedl tas rdvtdiled yhereimt OV aripes oflternate

I mages,.may, be perforned. subsequent to all inage

or RERRRs MR rclnds oAl SOmPTCY ATl P i opRonents

de@ksiyed in FGWL.| IFuRBerhfdRd] ithy/ oRiP 3f BidbessidgGh®y 8o vary in altemate

ordinary skill in the art. [00481 FIG 2 depicts an

ex SmBpdimgnts d#r rsamplss Whife b Y pesedsrdempgaic, or may come after

Tr gt LRRAkon) Mge processi ng i nvol ves conversion of an

RGB out put (|grimary col or space) of a sensor, such as
[0048knsor Dag received B 2 fensomsuches sprserctA0, salebiverepioadsymosaie block

Y | g i ; N j _ .
P oy g A pREE el KB e Bl e BB mgrpotation
c haninedrpretatich OF signdliceived fremd simyle CEDI @UEMOSIThedapud enerally

met hods, exagpl.es, of i ch inclyde JPEG an -G. The.

o ameicE S BOTIE FigRels M SBREABICE T 9O E 200 JgPulpit s RGB
Selig Wit intetpbiitéd fustoORB, SBhARIYTR ¢aéh piRéldbtaidn. The output
herein. Various alternate enbodi nents may include

adanayibsrenializedfion eomeriss thiee jeriokized signalsgr arpigle serialized signal), an

co 6t stBfeR!ifi nfefhord? dflaffy offrer eh‘ﬁxﬁﬂﬁrf&PR%-B S1RIWiPIn the art.
. of "priocessing may al'so’vary in alternate enbodi ments

(f n amralteqphte, empinidireerthainawineh riage persomdee deplogal Guclonas a 3-CCD

may co after. .col.or. correction)., [0049] .Data r ive
Rk dRbPac TR 20 Rah 85} b Baed &8 e el A e has
de beamscaapturdd fof éach pixel already. .
[0050] 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.

[0051] Color correction block 230 receives the ountput of white balance 220 to perform
color correction. As described above, a camera typically has spectral characteristics that
respond to light differently than 2 human’s response to light. Color correction attempts

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




210. De-nosaic functions are well known in the art, and
are deployed for interpolation or interpretation of
signals received froma single CCD or CMOS. The i nput

I conprises raw RGB signals, with a §|
gg?go:og?%yweach pi xel , and the output is RGB %g?&’sgglog/ﬂmm

i nterpol ated values for red, ggeen and blue at each
pi xel location. The output may be serialized (i.e
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B light. Color correction attenpts to
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one enbaodi ment e WD 2005/ 125177 PCT 2005/ 019784
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white balance effect is to turn up or down each of the
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COLt dntnllasn) gﬁé/en%mi’& EohvErt l clutq?f 3t BRbinh XnhaHALHGS 2567 fc}rtafslplay on
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o PP 5 PR R B oL R 706 20, i
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delall:n:}/v%r el%lstfga a Srgayalyc uqs%,vfgr exzal%%le 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.

[0054) 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




(optional) for converting the chroma enhanced signa
for display on a nonitor, such as display 160. In one
errbodi ment, YCbCr signals nay need to be converted to
r other) format for display. The ap '
gﬁ%‘ 5&1& ver for any type of display si gnaFE%E@g‘lﬁmm
|nserted to convert the output 1®@f chroma enhancenent
250 for display on a nonitor such as display 160.
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e Rt At 3o e s pitnC Sl intie s oSS dapltgea, ol giision block
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sensor 120 as descri bed above. At 320 relimnary

réefEnap fos dhe Bomtor o ogr displrydleviohi 4t A3 clivar b conyeed signal to

fU'&?si NSr 33 C; tReddPloPAGSiorC BIo8E 360. If no displ
corr ’ i oﬁ a?eev% cg?‘?ﬁéku on, {oas o] 2085 125177 no display is

PCT¢¢UBE@@5¢®Q®M010 descri bed above. At 340 perform

roma ance of t echn ue
oS3 or B0 SRARER iock, S5k 1P PRt W B R it is gesive,
en mee:rrmweﬁrmhehaeoptgmﬁmmesglm IEﬂ)O becﬂeplfwgﬁs 2a370etht .chroma
0055 tur 0 decj sion ock 310,..1 chr o
ﬁ%ﬁ%’é@g %éé? ﬁ@aedow © appyppripte “?Félﬁ‘e as ﬂ E‘gghh?%m Once
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. stored in_ storage nedia 150, for exanp or anz}f ot her

[0058bdi 2, Addrgigiomblopk 3T ifantextemmal aput is éﬂﬁﬁ% rPFOGFPfe 8P i fransmit

2 A28k, W o B o Ml e v
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eg}tggncene nﬁﬁdl rren gdl%tegt, Jdn%}g%é Ll:ﬁfj wla &ata may%e%ransmltted viaa
wireless connecnon 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.

[0059] 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, Cs, and C; values are
found by multiplying the matrix shown in equation 1 by the input R, G, and B values.



enhancement is performed on RGB signals, thus the
format conversion should convert the stored inmage data
to RGB format. Various other conversions are known such
as_ _YCbCT to RGB, as well as other col or space fornmats.
MR 2038 enhancenent is perforned at 340, FCA/YSES/019784
chroma enhanced image is to beydi spl ayed, at decision
bl ock 345, proceed to 350 to convert the chronmm
enhanced gignal he qp?ﬁoprl [ ay format for
t he nonit rg r o?ﬁ%? dl%? a dé€€?e ? 355, deliver

t he conver lép Mo *| Gage vi e@ﬁ“ﬁ@on
Then procqert |t @gnnm omlpisock_@@gh IFRMo display is
requi red, proceed to 360. [0057] In~déecision block 360,
i f storage of the chroma enhanced signal is desired,
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deéﬂ%‘i’}letiP%’étﬁuBthSYCEb@O@é‘}esAt deci si on bl ock 375, if an
external output is desired, proceed to 380 to transnmit
to a renDte desti nati on. This may be a connection to

ext er nal Hila, or othe evice for receiving inmge
data for flygtih i4g di spl ay, pr|nt|ng
ot her tec %b 35‘”%@&2?" Gn he art. In one errbo %%S’rpé(
. i mages and Qrijdeo data be transmtted via a

Wi rel ess connection to one or nore renote stations.
Vari ous cel | ul ar data and Wreless Local Area Network
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[{msgubsequent to 375 or process may stop
As @& & ©ad Mﬂﬁux«édl cimpises @3 ﬂ:ar%@@h@nm» eriunerely celéﬁddhe Chroma
ﬁ SI Alht g\tntx @H}g | abE&f@ﬁblfna?ﬁx of'™M 1n§ {]le[@t?z?tgd as shown in
SEhc ypi € T oFcOnver st on nat
coaqmnb:ywsed in still i magl ng (JPEG is gi ven by
equation 1. Y, Ch, and C values are found by
multiplying the matri x shown in equation | by the input

R, G and al 5/ 125 741 PCT/ US2005/ 019784 11
Y029905 § -033130500xG
Equat i on L O IW 13 B S [ ockAyptiahd
col or conqr trix dgpicte B equation | may be
deconpose |nto tvvo matrices, ,_and M2, as shown in

equation 2. Thus, nultiplying the RG input by M and
[ooély Mo ?ﬁé’l Hiill tlzor}mtno C%CT Jf‘]?é} 'olot conversion is shown below in equation

4, for illustration. Not that this example CEM consists of four coefficients.

CEM = 0500~ -0.1687 Equation 4
—0.0813  0.500
[0063] Many modem 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.

[0064] 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



YR C - [M]x [M] x G O B Equation 2 [0061] Matrix

M2 converts (R, G B) to (Y, B-G RG, and ML

converts (Y, BBG RG to (Y, Cb, C). Matrix M

congrises a 2 by 2 submatrix, comonly called the

M &M/ 125t hancement Matrix (CEM). The CEM subm&ffysSzoosp19784
ML is illustrated as shown in j,equation 3. Y1 F1 0 07 R

G Equation 3 B [0062] The CEM commonly used in JPEG
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met hods for 1nproving chroma accuracy, by reducing the
c ofders giithrlgfe imnacten BeifoloRe reproduced col ors and

referred colors, Such as WO 2005/12 -

PCH2USEM 56 0edre4the xokendiffpreses] betsreenvithm rspradyiced solor by digital
i ncl ude t eopl e ar fam. |4 ' .
S SERRRBCRILS 28 S5k S ACy b gt of pramcn i
anfheasedn frofde dptee 8rayThes exdnpde etdorimtbnee detaidd ibelosf using eight

menory colors tao, j [ e quality. H gh qualit

e 3o et KR coaREnf i ikinya e bdera, he CEM
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to which nore attention may be paid. The_ proposed
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[0066]dvanced edmr berdormadnusieg eh (ParAsielsY iagwlesnel whichsare shown in
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cof Spabl OB Wihiibclih B} bTRAKAR by SRR MZEgnd gppimiiog a
t r pehietal OREM, as defimedzaEquationsdt hod is to optim ze the four
paraneters of the

CEM = |: “ ab] Equation 5
cd ¢
[0067] For each parameter a, b, ¢, and d there are two choices, each with the subscript p

or m, given as ap, am, by, bm, Cp, Cmy dp, and dr,. There are therefore eight parameters in

the transfer matrix.

[0068] FIG. 4 depicts an example embodiment of chroma enhancement 250. RGB

signals are received at YCyC, conversion 410 to produce enhanced YCC: 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 varicus embodiments may be deployed using any number of



2x2 CEM to reduce the color difference between the
reproduced color by digital caneras and human eyes. In
an exanpl e enbodi nent, the nunber of paraneters is
rom4 to 8. The exanpl e enbodi nent
(?%0%@?%?#; ei ght paranmeters to formthe CEMﬁJng}S%OS/%gm
coeffl cients are illustrative ponly. In general, the CEM
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herein are illustrative only. The various e ment s
mayheye! Medndidd- usi ng any nunber of WO 20051125177
PCT/ US2005/ 019784 13 sel ection techni ques. For
exanple, a softvvare or DSP i npl ementati on nay use

poi nters, ctfi rocedures and the like to
sel ect th Ca BI‘I at 1{: gr,ffl cient for perforkqusgon6
i mage pro ni ques detailed herein. A

hardware i rrpl ementatl on may use a nultiplexer, nmulti
port RAM register file, or another technique for

[0078E| ect i Abe 2xi2CEM canrbe furtheo decomphsadae sleovn meernation 7.
coefficients for use in

[C.:,]=[a oH1 b].[B—G} Equation 7
c,| |0 c|l|d 1]||R-G

[0073] In the first matrix, a and c 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 (Cs, 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.




YCbCr conversion 410. [0070) FIG 5 depicts another
enbodi nent of chroma enhancenent 250. In this exanple,
regi on mappi ng 420, selector 430, and chrona

Sg@g@g@gzw submatrices 440A-N are depl oyed E%Tﬁj_s%olsfa{wm

S descri bed above with respect to FI
Matrix M2 510, simlar to the gatrix M2 detail ed above,
will be deployed to generate the Y values as well as a

B- G si gnalryQonpyr i g1 mg7t he difference between bl ue and
green vale[ua;]%;dh}ﬁ %—G si gnal conpri sing t hdquation8
di f f er encehetiee &d and green values for delivery
to CEM 520. CEM 520 is used to produce the clironma
values Cb and C. FIG 5 is one enbodi nent

[0078]l | ust r'Ele agud] relatdémshipi begvdeeRhe colGbsmne o(B-Gy R-f) aBd @y, ) 15
and R-G [.00711 The transformation.fromthe col or spac
(e poregleasd (b 3 PP SPECERRPETARS  Enaliee f BRVide more
eqflatibitity for théPdnsformatidh Betweda twolspidés,Canex@nplethiidd@fierft enables
[00721 The 2x2 CEM can be further deconposed as. shown

i nthehearingrfactorsy b apd dg tpadjush fos. gach eplop agcogding fe s quadrant in the
Equad:i 7-[ RQR3 £ i .

SRRl 137 o o b b 0B putig i, Wi
mafaur parametendb,g bay &, atdedy, itregfonnquadrants of (GeaCh have a more flexible

coordi nat.e. .The transformat| esse t .
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r ePreasing spements dglaeale ¢ight rpgigRs, 88 showa. Gggmg %9‘8_1911’ \p ypiqug set of

I e RAf PRAAmeftrd £ibAL SLhdSPAE SelectdlE ab irANA{cAHTRARE RBpdcEive AM¥EYipts. In

in equation S."FIG 6 illustrates an exanpl e of

shéay exagnple.t & firsi segment s idavtified én Ruadrgnig] ap = x + byy; a second

20 7 734,14 rx' YA -V - .
5 AT RN Ay 10 ! el it
coQuadrapdieasof =B bay; Badh fauntt s¢ghent ¥ identifiednm Qmadrant IV as y' = y

conplicated than a sinple shearing transformation. In
or dérXt 0 provi de nore

[0076) Select b, and by, according to Equation 9.

b=b, when(R—G)>0; b=b,when(R-G)<0 Equation ¢

[0077] Select d, and dy, 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', ') to

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

Cy o 0 i Equation 11
C, 0 ¢f |



flexibility for the transformati on between two spaces,
an exanpl e enbodi nent enables the shearing factors, b
and d, to adjust for each color according to its
quadrant inthe original (B-G R -G. One enbodi ne
WO Z BT g this idea is shown in FIG 7. WtPﬁT’lfSG‘i’.?mes"
parameters bp, bm dp and dm tjge four quadrants of
(Cb, C) have a nore flexible relationship with
[0080pSPect A5k én @uaibAal, CB=Gx' Bid3, SRYCCIn brdefHo(provide additional

two |ine_segnents for X' and two |ine segnents for

ar cheiseifer thescaling feters asrording io thedonr @rﬂqu«}nsa;ﬁ & Yrdsede 0, x' <
Sgg)ngﬁ] ? éj 8' A nedaé grgteals%gnedir;agu l'“?% %%é‘?sg)e% veLy 'Ehe sheared

eac Yy egr on, “ a uni que
an d:odrdﬁfa&:ss(&‘l §0teelobraisied fidmCht €8-RIR-T)epicedBatibwi én Equations 12

subs rlpts In. this exanple, a first segnent is

i defit Paréﬂ’ef"ﬁve@xadrant | as x' = x + b,,y; a second
segnent is identified in Quadrant Il as y' =y + de' a
third segnent is identified in Quadrant III as x' =

+ bmy; andxaF(fBouGihbS(éb-néht is identified in Cﬁamt!antlZ
IVas y' =y + dnk;. [00761 Select by and bm accordi ng
to Equation 9. b = by when (R-- G > 0; b = b.when (R
- G S0 Eg @%Q_og)sad (B0@871 Select dp and dm pgefidilng
to Equation 1 da whén (B- G > 0; d =d,,, when

(B- G SO0 Equatlon 10 10078] Thus, FIG 7 |IIustrates

exa how ener al zed s ace,  shearin
@ ofif, XA, SherlaY FoRokE EoRE Bkie SRRE @pgsgat@egl 4 gnd 15,
t r aespbatvaBt i on fromthe rotated space (x', y') to (Cb,

Cr). The transformati on nmay be represent ed as shown in
equation 11. Equation 11 V\D 2005/ 125177

PCT/ uszoos%m,_,pz%p%ﬁ _A$-peen in equatig a[JﬂEm 1%

= and In ord I to ptovide addltlo

choi ces foy, _t i_ne f ar, cording to the four
dlrectlonsﬁoqu"‘(ew}?é;‘%b Q%Hﬁ?h (%Sa& S 0, y¢ >0, and

y':5 0, a and c are assigned ap, am and cp, cn, ,
respectlvely The sheared coordinates (x', y') are

obt ai ned f €&, thien (A= 6) +R-F~&pube as shown i nEquation 15
Equations 12 and 13, respectively. x'=(B-G +b(R-Q
Equati on 12=y,whem(Ry Ga+@r(By Bgufation 13 0 [0081] The
selection of a and ¢ are nmade according to Equations 14
and 15, respectively.

[0082] 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 II and two regions

are delineated by single segments in each of both quadrants Il 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).




a=a, wen (B- G +b (R- G>0; Equation 14 a=a.
when(B--G +b(R- G SO c=cpwhen(R-G +d (B-G>0; Equation 15
=¢c,,, wen (R- G +d (B- G <_0[0082] The

jght regions in this exanple enbodi ment need not_he
y@f@?’bﬁ?@d as showmn in FIG 7. FIG 8 offer§’C§%Ir’5""“05"019784
al ternate exanpl e including twggsegnents in quadrant |
identifying three regions. A single region conprises

[oos3 | of @AIFHGE. 7 dndafllubitile HRMeRBEn &ff Matéie!dobffidiett iRMccordance
single segnents in each of both guadrants 11| and IV.

ThaBth a5y exapaple set of raysaccordingip (4, Yy @ddniy2e ARl nefa thabibs possible
t eQiHNIGhiBMafrREs HE %&ﬁch GEM&H hoRh £:Cthe BYMPRatrix) may be pre-
depl oyed as descri bed a ove For exanpl e,

r e gPunuied Api regled2d byngy region suagping fyndtiontin resomse to tescoordinate
usi
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equ thro apove Note that a caqpgventio

col% gﬁﬂ“‘c %FI?F'BP{ 3 49 FQEEPOTA IS RATENG TS «E’ﬁn(ﬂﬂd may be
ax germsidftyn mlechﬁ% bﬁ@ oﬁmeaélghtpré LoRSrtedBYubfRBided Sds, shown in FIGS. 4

enbodl ment s led herein allow for four independent

r ay@ Gapt é\ahé@@q'@mﬂ@@mm@tﬁéaw splasting ﬂ@rmmawm@f the eight
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08} g7 300 PALSEHE e GhEte BRPMpetaf 1 BPB 349 for pertorming

ac e;nfo@kmrmanwnbﬁt armemm;ﬂeem‘m@m liyiitable F61 dipRmict as chroma
(x, Agai n, note that_ the possible CEM

suls ?IB%%%&P @S%ﬁ&ﬁcﬁ%@éﬁ withggspect & FIGy 3.  Te procesp begipg pt 910,
MatyHeXe) ofBYF S phirShitids YRtk @:ﬁﬁnﬁ:ﬁleﬁ?& a?ﬁlceé‘ if GILRA. At 920

mappi ng function in response to the coordi hate
| osaevesreedivadniatGieodats ﬁamanmag@cm gr tatmiryved it storage media)

thzmi@l@le %&1‘ %gﬁau% eﬁltsmatng g X gfhg s@selgt%% ?%@/aetlsﬁﬁancement

Jas iy “BE OMp e

coatishateik e At @66t doavert &f YCIE vsing mhie chpaae eMahcenatl thatrhe Then the
corres ond| paranmeters. Thus, the CEM nmay be forned
byp§‘?é’le cEE°ne of the ei ght pre-conputed submatrices,

[0083F shovvma} N OHEStratés andfhér embOHimERYofRBroRthidnhahRiHehy340. At 1010,

comput ed seI ecting the a opriate four of the eight
or GHeE 55 e 6805, Bhisr ey hy porBTBRQHHsing. any Sumber of

part&ﬂﬁiﬁ
subnat ri %ﬁes})% l i 15 g%gmtﬁgéljl e‘%h@g‘?% er v&‘hf %&F&o%lﬁ 3. At1020,
FI Gele@ GEN gulimattie yalaes. iarGEM sdninehhxrmhhs piey he peltdiatby mapping
34 f er.form chro enhance Thi | e
PGB T8 W AmTrarT TR g AT eted B RiGies B o any other
e n ha:nmh QuENich 34 Q%mgl eqwatioResl1 sldediteddbblie. r &5 T0B0| cdrteft (G, R-G) to
91
E (e,‘,) &cﬂe]g gv.alec(tee%I sulsamat T%en the process may stop.
[0086] 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.

{0087] FIG. 12 illustrates an example embodiment of a method for selecting one of a
phlurality of chroma enhancement sub matrices. This embodiment is suitable for



where one of the pluralities of chroma enhancenent
submatrices is selected. At 920 convert received data
(i.e. data froman inage capture or retrieved from

ia) wusing a chroma enhancenent matr|
%‘??‘@gﬁzﬁgﬁgg the sel ected chroma enhancenent tpc'rﬁjszﬁoslmwm
submatri x. At 930, convert to YEbC, using the chrona
enhancenent matrix. Then the process nay stop. [0085]
F| @epldPmert|as 91 0 af €630 astketibaidbods. MAN121Y, deterntif@ one of a plurality

enhancene 340. 010, . convyert . t B-G

R & TR e R Ch R Phin B ity st g, At 1220, select
t eGhNCENE s 2 Breopifiiled CEM BbréddBoridingd &) @e! &dlerafiiierepiohhfrom a
respect to FIG 5. At 1020, select M submatri x

vaIPE%i%l!tY’Pﬁ assotifted (M sehnatices! I thinespmple, Jbe eichedEM submatrices

mapml ng. 01 t reprqd at j .
T s ool e slBicsoRe@RR oPR 4.2 fd Eh boonBing thom
as shevmi eyaticr HnThé b appopidte CENDG\selectad il 3flnse to the location

conyeyt 2 R-G .t Chb, ith the sel ected

SuBhaPt OB T v heotsitin fRlipedy o derObRE BRI e altemate
i | letibbdindes tRACEMan i 10 tdiRAlth@flya method 1030 for
convertin E;E G RQG, data to (Ch, C) data, as

1008Es cr 1 b EWabb slpiis; anglle alieie smbsdigaeryiof hrdme @gaRmmt 250.
9 AMQVEmbddimdntdRay B€!cBmbindd ARHILNERa FRBHBNE rhs%&:‘fsf,)%&éh as this
to equation 10. A?{ 1130, select a 1n accordance wt
t hellusgnied tie 1@, 4 ax FIGt 4i | Regianbmepping 424 and sadectdrad30nere deployed

L9075 S5 Ry e B LB SEUSELlog? B4, i

as tisikh emhodimentq o adleaor 1310 ¢oddployed@p deleet sl efatpdakabity df sete of CEM

and d, .as shown..  [0087] _FIG 12 jllustrates_an, exanple
eBOTHARE. oFS e, BT A b SRIRAE G 18 Ny Dased o selcted
Pl paireteys, Gh Ahileiats eRMBOERIBNt THS RetBf CEME Subniithies selected by
enmbodi nent is suitable for WD 20051125177

PCPrieston bbl it rhgien arpordiys ynewde selegisiensl  Boafer exemple, in one
desfdde] PYBoats sdedls, HShGh RS PRV Ler I3 N Rbtela. CEM
of regions fromthe data, or, 1n the alternative,

( Bs@, 13R0&coniatises sabmatfees CEMI lact Na t1B20ACEM GEBMaset 1330N comprises

Pr SHGHR Sty 26y ERR0N s ShuSensTagh AL LS G B similar
t hite GBM nglbtatrice 4a00 itlusthidi swihpéspecte® FIB.€4 and 5, and may be

pre-comput ed usipg the, possible selections of a, b, ¢, .
an etan%lﬁaé ebmfpﬁﬂﬂ@e VHR AP Of tanmrtiety Al keghniayesfiescubed digrein. A

t hencABREREY felfufe AV for 366 E LM SUbhESRA R Berdelfled for various
| ocation of the RGB data within the region defined, as

d e SBYiIrapEenisher gettings. arFagh tssh wht CEMe sboehtmass t 1330 hway e selected
ma C t . 13-depi.c .
an})ﬁ? lﬁegl(rﬁfngl er na?@q%ﬁ%%gtle Fr'ﬁedﬁ T B’%Qeg%r%% rfugiegﬁﬂ'anggng*ﬁﬁp;%oqﬁamt
Thisettimgsbmey reen tetemmindiie faroligtiting denmirbdimertts, osveh eas Hlawe Bglenoutdoor
aspect such as this, illustrated in F|G 4 or FIG 5

o D EteBt o oy "oty isin Lo g b apoiopt. o Ao, cepmber 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.

[0089) 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



simlarly to produce a CEM submatrix for use in chroma
enhancenent. In addition, in this enbodinent, a
selector 1310 is deployed to select one of a plurality
gY googszsof CEM submatrices. As before, the CEM s\é

&L Eput ed on the fly based on sel ect ed PCT/US2005/019784
paranmeters, in an alternate enhgdi ment. The set of CEM
submatri ces selected by selector 1310 is chosen
ac GRdrfilo Gast Weld a8AHRr&GRESHE tridsER Fuinctiofs firoFarBu@ BnRor tyBes), it is
one nopde, CEM set 1330A is selected. I n another node
CEMPsble 16 ommalize isingcinage POTRssIngetechi@ma vighprYiacsth chart as a

04455 S 60y B Y o o

sulvmea mopder k8 detemmde F8RMentheybwe simildrar Adjnstn@Edsl can be made to

subnmat r;i ¢ 0, ust ted W th resp to El 4 an
5. EAT 8 T A bich L e polfotle GRRE Bebts s (Rchanster
Varﬂnﬁiﬁbnpf)f that hithgiie sy« s ¢ell ke thehesRfen furdtioied ¢hat @hditibr. In an

feature allows for setf of CEM submatrices tq be
ge FEREPIE LOHRMIYERL; B <Colak RAnYEHAR MATH IS defigneyls. compepsate for a

S elabratEdn st ReRIohi L iFreredal. MR ¥ad 815§ %%&@% &cﬁ@&e&e Tk display

on the environnent and/or E reference sel ected

exdvpsfer fgrtigredidferenceset In adgitionelp tpemalizing mitheai reference, such as a
c%gl\fl ﬁs%ﬂ'rl?% Shose %%ea’? a vgf%tgloglaﬁsplagg&n g&gce B accordance

day |g I'ndoor orescent, oor
Anymﬁunhgmgqfarmdms to eseiwtrthelmpmf&emy ditms, ibds gossitdy eal perform

S eGP B AR et B v e o

gquroamigl cal boundaries may result in groups of people

referring certain color t The set of submatrices
lﬂﬂﬁb g pes

y be ARetSQ riandadySTigbybasi ksgs qelé‘élﬁl?ﬁdq@ebnqaﬁé? perceRfible color
US | 3¥er s, Mindthdr WbrdsS 6%%\#1&{1 e'rc%ptuafl i &?Ar‘%}%ce Each

[ 0089) Macbeth chart$ conpri se
ar mﬁ;ﬂmﬂﬁl Zlatt:h@d of 8 Manbdtht chartrims mataoz@naigllmrthq)élﬁlabt i Imorder to

%mrf? unc h %nn°§¢E?{1 5‘% co'“\% 1eils, &Eﬁag{e P{, hﬁ‘l'tﬂqlgmlg%ay be

g IOI) ; Fhét?:_:il_i/: h%g%% ﬁj&gf%rcgﬁumsﬂ; ifsifovdd 18y ‘d@lredlnlnage processing,
5 5177 P U 5/019784. 1 nDnlt as . we a
di 1L vﬁ%@gomﬁ cphanrepet and he inass may b frnq%yaé ORrripemtor. A user

UY R@S)then Took 8t thOOGEdt! bﬂseﬂélloas'il?é PRl oRdS réffedeATASh of that object on
proceSS| ng techniques with a Macbeth chart as a

eftha magitor, and indieate wdeibers matdisaistsreYarouspemametercmppbe changed
on e 3
5B R 0 B AL e R e
madls: display andrahe aeiualhmagm;is bbancieackicll] Thiefs o wa.yiof ecomputmg

t he di f eren t r ansf er nct| s of

o ety 6 SESR H5C. PTG alo, BY ot Bie P Y lowing
IO Rt @fs. or| gho1fi of UGS SelerpRdrrEntiewing Q'oxcﬁc% describcd above with
conver si on tri x Is designed to con%ensate for

cafespgstdo E r raélg%m"@fﬂﬁtéméﬁ alsg be fested by CBF%“ﬂaé"r cxample,

us@gk UBhGRITRENER! fndgRl (14 TRtdYr, 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 hwman

interaction.

[0091) 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 sSRGB conversion. Well
known in the art, sSRGB to XYZ conversion is carried out in Block 1420. XYZ is an



transfer Rinction differences. In addition to
normalizing wwth a reference, such as a Macbeth chart,
users may chose between a variety of displayed out puts
inaccordance wth varying parameters to select the

OYRIUPAHeEs. Thus, it is possible to perform PCT/US200S 019784

psychophysi cal tests by show nggdifferent charts to
users and having users pick their favorites. [0090] An

| SGhstnaddiiae thrmid i OSBhAE CIERML | P2 datuls lu'cf&%rrbféﬁ-ed to as tri-

perceptlble color. differences. In other words,

pr otimgls valuser daprloel 1430, A% valugs prsy conyerges toEQEELaboﬂlrough the
t h%[%ﬂalpgﬁaﬁ%]e ﬁ%ﬂﬂh%ﬁfﬁ@ﬁ Ii‘?tg(h%&élvégq_ﬁc e rﬂﬂh%@%é}d Block 1430,

the CE r to per rmoptlmz
s uland Ol babostanithidcli4s O tsgenarateanok Hicientst techm ques vvay be

[009%@2: ?ngllﬁgl rs%p%:g@lgtep t,%c F%@Fﬂgﬁapt%mn@cgl for use 1 chroma

enmﬁﬁﬁéﬁt dusifig m&@ﬂn@mnmmeb@hals@ahlamp& t@rthfoma enhancement
|tor user y. then | ook at the aqgbject, as well

s (RHSHRHR) BB P oS FAROR (O FFBAVAb(of pt ered nags, 1 Accordance

t NeyifDAE ERVironaiddt hﬂ&%r(i@fcfenwgésﬁgd PorBhmB1eS ¥ kathéra mar)[r1 be e‘pomted
Varlouspﬁaramaters may be changed "1 n ordef to op

t hat di Bf auMacheth jghart; pod the mqsmnélgla ‘EEﬂ@bOS@@tWﬂl be used for
rel ﬁ 04 By lﬁl&g&“ﬁ@ﬁ Tthﬂecag g Qée%yfo??)gaétﬁﬁn%ulﬁﬁ%ah, Ibg%agctmg the

has een reac I's one way o
@ paiMavbethrchartsl 488 s with selictab 0¥, ifPraedoedamne eethmhy mbdeosebeet signal.

S hj s .wa b I i, N vari ous or groups of use
o Hlaeolabo SR foachMarheln shioraat caau R rHEGE i Rt ipordance
vvu teherewi€ts PERd CIRLablstanddrd valvia fid Qéﬁ%ra@efd\&h EEIBAHCE Wit )thtrS Qimulus

be tested by changi ng, for exa the lighting of
t hdn plegkd4 é¥ apd s tta@amah%égf f Tlansr thecqosfticients for the example

| nmﬂaﬁ%ﬁ%mﬁl@nﬁybegéémﬁrs such as CEM submatri x

coefficients, nay be optimzed for each environnent.
10093} her té‘etgnnfqeﬂw mommb%wamwﬁﬂunax Alep brosetecfed by selector

hu i ti | ust r.at.es . .
e LB Bl pl A bkt et Ay RN G llpiayp known in
CEhhd:areiﬁmydjeed‘dpiioyeEY @b 6F1mmmﬁ Blo?lt @mﬁn eghgplﬂﬁ olf wélich are detailed
ena uc as. an ose etalle
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V,=s J w,o," + w0, +w,0o, 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
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[00100] The relationship of ki, and L is illustrated in FIG. 17. Determining ki may be

performed with a lookup table such as that given in Table 1 below.
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[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.
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-44 0.919 -19 0.672 6 0.571 31 0.617
-43 0.206 -18 0.665 7 0.57 32 0.622
-42 0.894 17 0.659 8 0.57 33 0.627
-41 0.882 -16 0.652 9 0.569 34 0.632
-40 0.87 -15 0.646 10 0.569 35 0.638
-39 0.858 -14 0.64 11 0.569 36 0.643
-38 0.846 -13 0.635 12 0.569 37| . 0649
-37 0.835 -12 0.629 13 0.569 38 0.656
-36 0.824 -11 0.624 14 0.57 39 0.662
-35 0.813 -10 0.619 16 0.571 40 0.669
-34 0.803 -9 0.614 16 0.572 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 (.69
=31 0.772 -G 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 0714
-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 lin_aar functions, which may include more or less variation.
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the scope of the present invention.

[00105) The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (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
MiCTOProcessors, 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
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formof storage nmedi um known in the art. An exenplary
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PCT/ US? 0510 9784 26. WHAT IS CLAIMED I'S: CLAIMS 1. An
apaF 8t the PUBAHY L 1AB®%reans for generating a plurality

of matrices; and neans for chroma enhancenent of a

color in accordance with one of the plurality of

matd i cedhsaprasatagof claimds By thercamprisiig: col or. 2. The

appar at yg.anf fof balemh a?ﬂﬁ-ﬁﬁk‘gfﬁﬁﬁic@eans for generating

a plurality of © na r?c s cohprises a nenory for storing

t he pl umasans for shromst enhememett 2 dile witpeneofithe plurgitpiofimatrices
1, [ el s for chroma enhancenent conprises

a né@%gh%ue%@%ﬁnﬁggﬁe?%% mul tiplying the color by a

second mmdans for compitingl Gefiio @s 8 EuREbL Of the RBrodfa dnfinced color and a

plurality of matrices.
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
receiving 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



S 4. The apparatus of claim1, further conprising:
means for generating a plurality of matrices; neans for
chroma enhancenent of a color with one of the plurality

3‘2 g'}a%{ri c%s selected in response to the col or; neans
¥ 2t i ng a netric as a function of the cREEH§H0S019784

enhanced color and a target vakue; and neans for

nodi fying one or nore of the plurality of matrices in
response to thfverth@ s tReiveR thlof valie td\B s8RPAr@IdiSormat using the
conprising: a nenory for storing a first plurality of

mat ri cesclededbWali¥t ri x associated with one or nore sets

of coordinates; and a processor for receiving a color

value in a first color format, the color format

coifpr i siThg appardteseficlames, whereof the pluradiitnef first mathieessat fopited using
co%r(?i nates c¢ ritsi ng two or nore coordi nate val ues;

sel é’c'frlﬁa one of thie first plurality of matrices, the

sel ected matrix associated with the coordi nates of the
recei ved_ col or val ye;, .and 2005/ 125177 ) ,
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matri x. 6. The apparatus of claimb5, whérein the

plurality of first matrices are forned using a
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scaling coefficients.. 8. The apparatus of. claim5,.. .
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Cole@gh MdonCaskatidtfe withronk of Ghe first @huiity iofl niatié6e) £idhk @onversion
space .according to the first and second coordinate )
valmadx 1t srlectedorsding £ire myHE @ssgerated kit thej Tgign 4n which the color is
pl qﬁ@bg&_y of regions, each region associated with one

of the first plurality of matrices, and the conversion
matrix is selected as the first matri x associated with

thg region . in | he.c L o

apgar ot dao apPettlt 6 ublf aC Ruthin e pRPERE R rsbiog e et by fou
ar eostdinateadyd) gadhaobrdinate 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;




coordi nate rays, each coordinate ray defined fromthe
origin of the coordi nate space and extending outward
al ong one of the positive or negative di nensions of

each of two coordi nate axes, and four or nore
0 Mt Tzed rays defined fromthe origin of PCHES2005/019784

coordi nate space and extendi ngagutward according to
each of four or nore respective paraneters, each of

the pl uk@kiting aont&8ibR Rtriehdh 8HENith bf sSWRnAYS in hd¥Brdance with
two rays conprised of a conbination of coordi nate
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ondomi a eolpt imracdecdngd fofmati r st matrices in accordance with

one or nore of the plurality of values of the color in

the first format; and a nultiplier for nultiplying the

coliar i ITht heetHddroFiclaig 1Bk hdddin theSAGaN of SbMEHtEES Are formed using a
matri x_ conprising the selected first matrix to forma

c o/Phrality of caskeigds-f or mat . 11. A net hod conpri si ng:

receiving a color in a first format conprising first

and second coordi nate val ues; W) 2005/ 125177
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mat.ri X far olqr in,a secand fqrmat. 12 The .
metfod Ghe gediod of sy L b REDRPas afirife aode ok a plualiy of
SUlnigdes,| ndSwhebift the bRRlity SF Rebratritds Wir@kélbdtedhs a set of plurality of
coefficients. 13. The nmethod of claim 11, wherein the

pl §rematrigesoffors garluralityeafissts of srmatidces, eash getaefi suhmarices associated
sh j i Cl a plurality of scaling
co@ﬁ%ﬁ%ﬁf@%ﬁ#@h@nﬁ%hod of claim 11, further

conprising selecting a node froma plurality of nodes,

and -wherein t.h ralj.ty,of. submatrices ar.e.sel,ect.ed )
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associ.ate w t h. each. of the uraljty of nodes. 15. .
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accordj ng to the first and second coordi nate val ues,

t hassogigise afithethe roginmda wihidhi theeplerds meppeda plural ity of

regi ons, each region associated with one
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 2 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;




of the plurality of submatrices, and the conversion

matrix i & selected as the submatrix associated with

the region in which the color is mapped. 16. The net hod

of claim15, wherein the plurality of regions are
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defined fromthe origin of thegoordinate space and

ext endi ng outward al ong one of 'the positive or negative
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cobydiandtie space and extendi ng outward according to

each of _four nore respectjve .paranmeters, each of

the pi uf BFEGL FOPLECEREEER 30 ER 0y two rays, the

two raybis seleoged fisettwofpasaneondb rvat bdn of coordi nate

rays, paraneterized rays, or Rhoth., 17. The nethod of
Sinsiing Foe
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accor daggaeldtded fhpibvoRRfdBREE S2nd@:°. b, ¢, and d; the
first row of the submatrix conprises two first row

values: a and a nmultiplied by b; W 20051125177

PCT& US2P04.04,04 Bficidith 1, Qnbddfe. second row of the — = -
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sebgbfed fromtwo paraneters d' and d". 18. The nethod

of claim 14, wherein: each submatrix is fornmed in -
accor dalie &oGne Ko 8f fhe SRbmatEY e9mapTisgs Mvp segondqy Yucp,g multiplied
fibstah@w Of the submatrix conprises two first row

val les: a and a nultiplied by b; the second row of the
submat r # 36 selsatpd ifoatwoperametesnd apd& ' val ues: ¢ nul tipli ed

by d ang.c. ' Lo »paraneters a' and

a"; b ?éscgglg g%?’gé’%ﬁ’?‘ﬁ?ﬁ\ﬁg parag\lﬂrr/gtérs b* and b"; <c is

sel ect edisfselpoted Wompawo pastretess € 'andnd; c', d i s sel ected
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one or more of the parameters a’, a”’, b’, b**, ¢’, ¢’*, d’, and d’’ vary between

respective sets of pluralities of submatrices.

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 selecied 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

c 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.




one or nore of the paraneters a', a", b', b", c¢', c",

d', and d" vary between respective sets of pluralities
of submatrices. 19. The nmethod of claim 17, wherein: b

[ ted as b when the first col or coordinat al u
i@?’%ﬁ@i&éﬁ than zero and b" when the first Cgﬁglmmmymym4
coordinate value is less than zgro; d is selected as d'
when the second col or coordinate value is greater than

zenQ. amle dnethddesr ke $E cmﬂﬁerc‘dah@ﬁsieg Qécdiviy & cYRr 4€ RGB format
| ess than zero;. a is selected as a' when the second

col28d formdnednn seler eseivied ip|thesfishiorma 2 éweaooadm#ﬁ% formed ByR-G and
by g.e first color coordinate value is greater than

zero and a" when the second col or coordi nate val ue

plus the selected b nultiplied by the first col or

cogrdin I S

2o " AhE melfBef clain 15 Sndr bR I G in W ol o Bses 2 b
selaad & € compeneht.i pl i ed by the second col or coordinate

value is greater than zero and c" when the first color
coordi nate value plus the selected d nmultiplied by the
seeond QOhEehod BSh (gﬁgg? value is less than zero. i O
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ot S8R 853 pmiB0p 3T BEBRAGY e e BB therion
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matrix fr Iurallt of subnatgg es in accordance

with thEWHR 9%9!993%’ s dgmat (FEC0G FORYLFighmatrix to form
natarcb}grmbﬂﬁqnme sel ected first conversion
matrix; and multiplying the color in the first format
by the second conversion matrix to form a color in a
nd ‘he i . i
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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

COIMpTiSes all acCUracy IMmeasure.

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




second format is a YcbCr format. 24. A nethod

conprising: formng a plurality of matrices fromone or

nore coefficients; selecting one of the plurality of

maéri ces in response to a first color; chroma_enhanci n%
2ol or  using a chroma enhancement matfGTUS20050T784
conprising the selected one of she plurality of

matrices; conmputing a netric as a function of the
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nore of the plurality of coeificients in response to

t heompawDus ad FHALFEL RBb+> JApe*met hod of cl ai m 24,

wherein the function for conmputing the netric

conpri ses an accuracy neasure. 26. The nethod of claim

25,4 Where] C d .
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20051125177 PCT/ US2005/ 019784 31 val ues, AL*, Da*, and

I b* are their respective differences, and the accuracy
MeagUr € Thé meBABflcRinaY, Mhercinthe Sekond B fadget GBlubLare cdriputed in
The net hod of claim24, wherein the function for

cortf e TEIgb formagaingluding & saepective b 2" sl b vialug Jor the soognd and target
Th G of,+Ch.ad R bkl D Qi fRESR Ng2t ;
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di ff.cné nteare respectivayeighitngpapneiary apd e noiseanersure) iy gomputed as
variances,_s is a coefficient to adjust the | evel of

t hev,noj spwigasw,e,’ Wy,e,> Wa and wb are respective

wei ghti ng paraneters, and the noi se neasure i s conputed

as V' =S 1/W.Q2 +WaQaZ + wboobx . 29. The nethod of

cl ai,m 2 wher ei he cond. and target. val ues are .
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2 2
V.= kot vk 2| 4 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.




X p'@Q Qr V. = kL. Q. + ka. (3-6) + 13.65 30. The
met hod of claim 27, wherein the noise neasure is
conputed with a weighting factor applied to |ightness.

31. The nethod of claim 30, wherein the weight
PRI | ght ness i s decreased for |.ghtn£§§ﬂgﬁw98”ﬂ“
a predeterm ned threshold. 32.33The nmet hod of cl ai m 30,
wherein the weighting factor for lightness is decreased
f 0131 | gideNB&Sod6f Q¥inP3m R\Qiéﬁ:‘irﬁﬂlmvib@gm‘hﬁ ERedrabolighiess is decreased
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c| or hebipess\aharet Arst peedgleryned %ﬂ%létaaii deespased o1 Sﬁ 'ASIOW a

de&{; gdct déd'tﬂﬂ%&l{b‘fcﬁs above a first predeterm ned
t hreshol d creased for |ightness below a second
predeterm ned threshol d. 34. The nethod of claim 30,

the [ f t [ : :
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factor for lightness is determned in accordance with
psychophysi cal testing 36. The nethod of claim 27,
wheg el nTieh ndiRids @ f N&AaL 36, Ivawfe%rnﬁé efleightily FactWe@Nliphbess is
factor applied to chroma. . The nmethod of claim 36,
m@qt@nnnqdheam@mwghpa@h@hyﬁl@m@sﬁﬂbna i s deternined
substantially in accordance with FIG 18. 38. The
nmet hod of claim 36, wherein the weighting factor for
chioma Tie detlexdnofebiimi 27, achxoeiol ahe enomct meqmec liro poppitedi | with a

testi 3 eadabl e nedi a operable to
pe‘F’F‘&ﬁ%?gnt%‘étg’éPRlﬂiﬁé%c DroM%, in a first format conprising

first and second coordi nat e val ues; seI ecti ng a
conversion matrix froma pluralit %( rices in

actbr dahemeinpd of ¢lgimn 36, vdierein, the Jyigiyigs 1&59 pr cjrgma is determined

VakiteRntiARdn BokddbywfgFidiagcol or in the first format
by the sel'ected conversion matrix to forma color in a

second format. 40. Conputer readable nedia operable to
P O Mind Bebgr Aal 36, Wnletetn Be G 9t 81800 & detormined
in accordance W'Lth 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



sel ecting one of the plurality of matrices in response
to a first color; chroma enhancing the first col or
usi ng a chrona enhancenment nmatrix conprising the
el ect ed one of the plurality of matrices; co
ﬁ%‘??‘f“&“%ﬁg 2 function of the second val ue and gPCtTéHSé@W“m“
val ue; and WD 20051125177 PCT/ 2005/ 019784 33
nodi fying one or nore of the plurality of coefficients

i n respeRsifyiny bRAE or GREM Usfethe Bilialifs of cBefficients in response to the

computed metric.



