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WD 03/ 096320 PCT/ US03/14984 g | APPARATUS AND METHCD

FOR MULTI - RESOLUTI ON COLOR MAPPI NG FOR DI SPLAY
WOERA/BEO0F| ELD OF THE | NVENTI ON The present i nverRGTHHS83/14984
rel ates generally to digital display devices and
particularly to an apparatusyand nethod for

mul ti-resolution color mapping for display devices. 5
BACKGROUND OF THE | NVENTI ON Vi deo di spl ays nornal |y

TR T o e
control adj ust %H@gl? r c ne%gm‘)f‘g]ﬂg di spl ay.

These controls are global in the sense that they
affect all the display pixels. 10 For applications
such as skin tone adjustnent, global color controls

mmm These applications require |ocal
FIFr%?iq??cau on of a si’ﬁral | subset of colors in the «color
space wi tlhoptesafifimentiogreldies genérelly maiigiteé display devicesland
atlons in dis deV|ces i npl enent e
palfidnlari i paBhE o0 BRI 6t RSl i TATPBE Ipisply

de@¥&Y input color. This would be feaS| bI e if the set
15 of all possible colors was reasonably small.
However, a standard 24-bit RGB di splay device would

' 6 mllion different col ors.
B%%W@@WW@&OOK up table (LUT), would
r equiiA& &@;&@st@&mmﬂ y RRRAROor SHREREES corfdRilSfod 8hé Bt {afgation.
cost of a Moyt e ['ookup tabl'e i nplenented either in

The Aneleenteol adjusts thes!mttanéﬂ'@ saturationgonirel ashuststha golor richness of the

I h
cishlef” TR vopiggls Bt Sobl TR e R e orBRT RE R i ffpinets
col PofalRadidi RusieRy RELhE ddji¥%nRns SRsbal cdlbr dodBols cannot be
conponents. The standard 8- blt resolution for U and V

appiiedl dhese gpplicationarayirelcalonodifieationsif g smallpubseh pScdlers in the

f or hardware
001%%1‘;#“6 ntpglt[‘ty e@ﬁaﬂmﬁ%ﬁﬁe}r é?lgﬁ‘ i cal solution
appLeyil kBlog ﬁloﬁfﬁiﬁhbﬁﬁh@ﬁd devhgs 6ah !ﬁe&i’ﬁiﬂérﬁ@t&&@y £ thﬂi’pmg

space with a regul ar 25 Figure I's an exang’@
tablgr that &pﬁmﬁg%mutng cglar ozl@feryrmpufcﬂﬂcpui‘hw arawd befeasiple if the set

of %%%‘25,3 e C%& ﬁa%%%%{)ﬂ%&%%l ﬂo%e%gr agta%dctﬂ'gl n:lpgﬁGB display

a uni que “coor
device would need to map approximately 16 million different colors. The map, also

known as a look-up table (LUT), would require 48Mbytes of memory storage.
Considering the cost of a 48Mbyte lookup table implemented either in hardware or in
software, this solution is not practical. Using a luma-chroma color space such as YUV,
YP1Pb etc. is a better solution because the colors are then represented by a subset of the
components. The standard 8-bit resolution for U and V would require 128Kbytes for the
éolor map. This is still a very large memory for hardware implementations.

A more practical solution approximatés the theoretical map by sampling the color
space with a regular grid.

Figure 1 is an example of a 4x4 sampling grid 10. The output values at the grid
10 intersections are stored in a table. A specific color will map to a unique coordinate
within the grid. In general, the coordinate will not coincide with a grid vertex. An output

value related to the coordinate is then calculated as an interpolation of the nearest output
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within the grid. In general, the coordinate wll not
coincide wwth a grid vertex. An output value related
Wmoddyes20o0or di nate is then cal cul ated as an PCT/US03/14984
i nterpol ati on of the nearest output WO 03/ 096320
PCT/ US03/ 14984 2 values, i.e. the values stored at
the nearest grid vertices. §arrp| ing a space with a
finer grid allows better control over the map because
of ,the higher resolution, but at the cost of higher
vl i SAES Stored AP BFRE GRS remory at tho
exXPERSBLRE a S withSSdr lakidMiows Whtr cbSird1 996 Me map because of
therefore 1s a solution that approximates the
thet Higher e¢sobdionylyb gt fhg costaif highasmemotelispea A pansssit Igrid saves
Wi t ho requiri an inmpractical amount of nenory.
MegOxy at the £XP ?)?ﬂg%&rir Feh as skin tone adj ustnment
CONGRRE PRI fifer IR ik als6RIBA At ap?6xihidtds the-Bledietical mapping
space. Therefore high-resolution mapping is only
tableeapuilosely dsrpossilemithogtasquiringfan impracied! emoygenfancarpry. Real-
..present invention addresses such a peed. 1Q.S
e TR T S AR P PP Rl R B ) T e Tl
col6Plpke. aWhdiSlofEHiER-résohifioB Rhapiray bR Tedifired th 8 GhraH edbsEhef the
apparatus conprises a nulti-resolution structure for
colpr paceli Tloe probast invanfiansaddeesses; suelhanead. i nt er pol at or for
interpolating at | east one offset of the multi 15
resolution structure. An apparatus and nmethod in

SUMMARROIETHE INVERTPORSent i nvention uses a

conbi nation of color |ook-up tables wth different =
| evAngppdraius sad methed for dlavang eolpyadjpsiments &1 displgy dewices is

. . el h . g
s, s Pl AR RSO R DR SRR SR
adjiftméa8fariddn itegpvlaton o iitepolating asleast bye vifast of teadel-

The nulti-resolution structure is a very good
resalypien grw@dECon to the theoretical napping table in the

ar e £ | . e

o oA ALBER s b R 83A Bfeondingl Wit A rebdnf it s B
corhiidatid eitoldi 106kRBY tabkek eritldiffeenplesdls bf esoldfoBRbEbwed by
. DESCRI PTI ON OF THE DRAW NGS. Fi ure_g%L IS, an xangj,e of, , -
integpolpiions iaRIPYide 2 gispley poocess gh}cb%zm a@%)l%@i uiilizes minimal

meﬁéb;i -resolution WV color structure in accordance with

In so doing, memory is used for high-resolution areas only where needed. The

- multi-resolution structure is a very good approximation to the theoretical mapping table

in the areas where it is needed. At the same time, since the high resolution areas are

localized, a significant reduction in memory storage is possible.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an example of a 4x4 sampling grid 10.
Figure 2 illustrates a multi-resolution UV color structure in accordance with the
present invention,
Figure 3 illustrates a multi-resolution mapping system using a 2-levek, 8-bit UV

. color space.

Figure 4 is a flow chart which illustrates multi-resolution chroma mapping in an
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present invention. Figure 3 illustrates a

mul ti-resolution mappi ng systemusing a 2-levek, 8-bit
WOA3/@63200] or space. 7Figure 4 is a flow chart wWHNS03/14984

illustrates nmulti-resolution chroma mapping in an WO

03/ 096320 PCT/US03/14984 3 _8-bit UV space using two

resolution levels. Figure 5 ?s an exanpl e of a sanple

hardware i npl enentation of bilinear interpolator for

able. 5 DETAI LED
%E%p%ﬁn%@% e‘?%rs’!é@gg h!::%‘ﬁ%entl on relates generally to
d' 9 IRi@lre §1is @ yantiely b £ San@ipled hpxdivateCitiplerhantition dibilinear
parat us and method for mnulti-resolution color

mﬁeﬁ:}g&}tw@fw diwetidipensionablppkap tablhe £ ol | owi ng
description is presented to enabl e one of ordinary
skill in the art to nake and use the invention and is

DETANL.EPOESCRIETIONt ext of a patent application and
its requirenents. 10 Various nodificatjons to th

pr ofldie Pessertinvating Frlates aenetally putiiial display deyigtsead gAicularly to

I
on g FER6A O SR EElghbolor Bodife R ckpBHRRIEAL T8
folilamﬁg tescriptiordia ghrdsentérbtol enable enke biibrﬂllnm'yskﬂhd itheeart toghakerand use
but is to_be accorde w, dest sc consj.st ent,

the nyention and s mrevigedia ﬂgﬁ‘néprrfeéaﬁﬁ B BRplions i[sdpgpirements.
Vel ﬁﬁbgﬁg%&?m@'t@ﬂfe efgrﬁfénﬂyodgﬁéﬂéﬁﬁdthe?g%&ic i n%?k'egnaﬁe tures

I mage ay device that uses digiti
despribed hereid)willhegendilp bppareiit eo thogeukilltd imthetaste [Thusyelye present

e B e
widsHlo Eoﬂ% %’ﬂ%rm 148l Fan & d/ascﬁﬁé@ h'eféﬁyt dat a

|tsel may be nature and finally
di spl ayed on an anal og di splay such as a CRT. Pl xel
he, smal | est discrete region on a digital display

Delinfions  hat can be addressed for display. Luma : The
co m@@é] Djgilaf b@wb@ Phh ol d¥RBAic HRhSE HSPIHF dé\ﬁég thhtsuses digitized
correfated to the perceived intensity of

(sadipdsl aephantized) indgealat® E‘he:irrpmtrdata itfHEmep hp anﬁog inpfatyrhcand

. l.nput .i.nage data wva arr ed t.o th

aigiRd iR BoteRict p il i i EusPlAS sy #°LgR. OLED
or fiabAA pSRACKIerhABeH) IR Mput data 1tself may be digital in nature and finally
displayed on an analog display such as a CRT.

Pixel : The smallest discrete region on a digital display device that can be

" addressed for display.

Luma : The component of the input image data value that is correlated to the
perceived intensity of the displayed data value.

Chroma : The component of the input image data value that is correlated to the
perceived color of the displayed data value. In YUV color space, the chroma
component is defined by the U and V data values.

An apparatus and method in accordance with the present mventlon uses a

| combination of color look-up tables with different levels of resolution, followed by

interpolation to provide a display process which has high resolution but utilizes minimal

memory.
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conponent is defined by the U and V data val ues. An
apparatus and nethod in accordance with the present
Wea96320n uses a conbi nati on of col or | ook-up tR(VERH3/14984
with different |evels of resolution, followed by 30
interpolation to provide a display process which has
hi gh resolution but utilizes mnimal nenory. WO
03/ 096320 PCT/ US03/ 14984 4 In so doing, memory is
usedif @rdotd) bich RSP s sk ® Bor Midha s Altidh ML déﬂf%gl%qlee&g?fl“he
mul ti-resolution structure Ts a very goo
muliresodintion storcture is 4veery geod afpredmatiopt the teaitieal mappifetable
mﬁ#eas V\/ngre.i.t IS @:‘gd@d. At .the_sagﬁ éljrre, fi nce the
YICPLWBTE G 15 Resded 44t e sams g, sincedhe highrereiutiondyas are
lobAREE, d REniFiBart RIREN oS QhEHSky! ' 5 An
appa‘?’at uéshluti lized (i)n acco%asﬁjggg%\?f?ﬁést 1% pr esent
i nvent i onAmappasgusutilived dwmaccerdanyd with tieqirbsent in¥ention may be a
nbinati on of. hardwar.e and _.sof tware,, or. a software
haGRie Hahletieniation A FomPIRRHIOR of Pg WS HHOEVaIs) O § pfivare
i echtRRNAM T RGN oA d (RS 5Ot ul%mf%' i
har dwar e and sof tp%are irrpl_emgnt a{?lilﬁﬁ woul lﬁ’n(gﬂ&l?gékS%Cdemgn.
Apgpmplepf e hedware and safivrarerimphioeuitation vwaaildinclude a DSP
. 1 pl epent at i;on Pl ease refer to.the followng for a
lmﬁo%’ecmc é“’&iaPS&m&S‘i%Fiﬂm"@ﬁe BIPIEHEEHN ures of t he
pr eFesHse kmﬁetth@fmlloﬁm%%ah Wivre BdtdiddCdededdon IRt Rk
mul ti-resolution W color table 100 1| nG aécgorga%%:% Wi tst?fthe
presget Inyenti®Pesent invention. As is seen in this
enbodi nent, a plurality of squares on the grid 200 are

of one resolution, as illustrated by squares A, B, C
Amisdlafds and at | east one of the other squares is of
another resolution as illustrated by Figure 4. The

app&iswe 3 tysiraten g gnuliinesslution VY solar table IO idateordance with the

. n be inmplenmented in. hardware a .
prbUFLHER, W03 B RISIER, Sl LIRS obhia 00
arepofiofma kasolblAion, ifilludiatddeby Subeed, BOC 81 95,1204 at R8st &Rk 6F the

20 LUT at different resolutions. The secondary data

other squaras g el aogher sesalution as Hlsivated by Rigure 4.nEhe aparates foethis

: ied. . i j chroma val.ue that is

iR P YR b i Be FD B B R drspaeyy end
regissers beinddfinarpanenys The ptimddVd4te PiresaetishdedTof Qbridd¥hs color
LU&escr tion, but 1n general_ are any orthogonal

Frtaeso8Hiogs. Thsrseerndarpiatrstsivisesrasa usedfor indexing the
final LUT to be applied.

The data input is a chroma value that is specified with two components — these
may be defined as the UV components of a YUV representation for this description, but
in general are any orthogonal representation of chroma. These components are digital
values that are specified with a fixed precision, e.g. 8bits or 10bits,

For the description that follows, we assume the following :

1. 8bit UV color space

2. Two levels of resolution

3. One low-resolution table that divides the two-dimensional UV color space
into 16 squares (4 sub-divisions on each axis).

4. Multiple high-resolution tables further divide each low-resolution square
' into 16 sub-squares. ' -
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25 values that are specified with a fixed precision,
e.g. 8bits or 10bits. For the description that
WY WeR? we assune the following : 1. 8bit UV P§ITH¢S03/14984
space 2. Two levels of resolution 3. One
| ow-resolution table that div§des the two-di nensi onal
WV col or space 30 into 16 squares (4 sub-divisions on
each axis). 4. Miultiple high-resolution tables further
di vi de eaEhcH DUATeREDlIH da8 mwadxﬁainjhgms U&nd V color offsets for all

sub- squar esquatOvedicP6320 PCT/ US03/ 14984 5 5. Eac
LUT entry is a data word containing the U and V col or

f f : i ces. . ing that th
0 v APl Bk the TP GHRE B e Sy5n{ 98 4 Py, HErma
offbat azmumizmaii?rfeq?bfafga Stdwinghit $vé1fld_k| clﬁi"sefs&a@a scﬁtafSH WilBrequire
rex. _orysets ar a_square_ w require
42006 KRGS, Gie Lo csmelufipmisblegs reainoh If ioiepeaily Nb high-
' | i £ ' tion tabl h
re bl s, he HEUTREE 6 MEIS AL E S Hep il Fer1) Ao

meidoryigtrochBdor arkardwyredinplesiantgiohor a har dwar e

i mpl enentation. The savings in nmenory for the sane

ef f eCtq SA¥MES LhmgophHior thesamgiotipctiveapsalutinm s agaddfy sern v
e j : ' I 6X = .
SR E PAe Colbh e Sint i Hoc 1 4l M TR SN2 2Dy e 4
multidnesolinigon nydbsidl table ovitht a4l owrdsdlativn t4%14 abil Sbur 4x4 high-
[ eI‘soI utt %[on tabl es r e%ﬁ' r_eﬁ 1&4“ )x8No = 40No bits.
<8 ables raapees @ dxSRo fONe PSol uti on mappi ng system
200 | : 8- Bl ' .
see nFiéLtlnﬁ grlguﬁ&%%%u%g %g %?r%%{ﬁﬁ@% %yg &%g&a}'}%ﬁ% %-I%Yeé,hs-bﬂ
UY eolorr apdcon Astintdensth2@4s a Egm reaolglﬁbn tablec2 02 egdalvathighresolution
i tatio ne secon ata structure 206, 15
g 5 Rl RSnBRGR Anpleig i onacaondey sl stagture 206
ﬁm | . i is ifies . i . I- .
e LB ot oS BT et 8T irldBk SR feplfes o
unjqygesguarp erthe lew resolugion dabde. 1A nin-rers tlgdnitiymt Aidindak kgeckfes a

un i R 28 5B1e39 8 el op Buntaiercon deelomerepoltion b,

T B OLREE theSlowsREollgén 28R 100! sBhar@id SEH £1,90K H@Pﬁgﬁsa lookup and

. interpolation. If non-zero, the correspon
intgrpglatipndbhon-zem, thalsheeponding higherdsdlmiorciabler202Gs adefiet color

and.interpol ation. .For the above anpl e, an
offlg%gcg)(qlk?lg A nfggpgfaﬁog{.gsors%e%abgye example, an add%ﬁ)ngp 1 6x3 = 48 bits of
register storage would be required.
The low-resolution and high-resolution UV grids are conceptual representations
only. The only data structures required are the chroma offset LUTSs 208 and Tag Lookup
table 206.

The location of an input pixel chroma value in UV space is shown as a black dot

in square 9 in the low-resolution table. There are two high-resolution tables available

with id 1 and 2 respectively. The high-resolution table with id 2 has been overlaid on
square 9 of the Jow-resolution table, by specifying its id in the Tag Lookup table.

Method
Figure 4 is a flow chart wh_ich illustrates multi-resolution chroma mapping in an
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regi ster storage would be required. The | owresol ution
and high-resolution WV grids are concept ual

woegvweRnt ati ons only. The only data structuresPCT/US03/14984
required are the chroma of fset LUTs 208 and Tag Lookup

table 206. 25 The | ocation of_ an i nput pixel chroma
value in WV space is shown as a black dot in square 9
in the lowresolution table. There are two

R —

afpdien toothe nbasiectxampleswiintveo-&vel resdistidrowith @ geild\division of 4 —
i n idin the Tag Lookup table.

t abl e, by, specgifyi its. JUR
hogpevep it ﬁ@ﬁ bﬁ'c?ﬁ@?f éxt?ng%i tgi’ﬂgweé’ﬁlafﬁdmlbmeﬁambe@tﬁﬂét%@ division
Agkd 1 -resol ution chroma mapping in an WO 03/096320

PCT/ US03/ 14984 6 8-bit Wspace using two resol ution

| ev leCmsidE:h an {L]tqjult ;b)imiehtyathmdalz toptie ngee@éedtliljﬂhﬂ}i:ttﬁt@desloluﬁ_on color

applies to the aboyve ex wth two-1evel resolution .
mih eSS e et SRR IAeined D dhsek) and Vo cogpionels oalich gro § bi
vadxdsended to higher |evel resolution hierarchies and

grid division factors. 5 Consider an input pixel that
needb Indexing pilbe?2 348k df\lJ bV mrd doneatesaied ol coente akbit index

rocess. . Jhe.chrqma val.ue is defined by the U and

wieR &ﬁlﬂsﬁg hff??gﬁwsﬁu ioselufipy sdupes 1 aiich thi Ridehghiga value
lickligep4dibs of U and V are concatenated to create a

4bit” index which uniquely identifies the

hi gh* rEgdbeltiporTiequdeas usedmoiredd 4 tag Sropi the ITagiiookap table. The

val.ue, .,10.l i es tepn.402)..2. T | ogkup : The index .
o QIS g P et i Sblhpap bsielovertid wn T eticlr
coh@8-1¥0]ui8n B§ERE,Hnd §FsoMBidNaADbIR, TRiNad RSRI iR wt ABRtion

has been overlaid on this particular
table shondd bewstulfitiontag irarezeratbe vdlusidentifiesorhitia bigh-resdlution

he t.ag i t he, | | ut | tabl e should b
o o84 By Ay, O, 501 Ui on € able shoul d be
whi gh TlingfesblRsieh Whldmtdrsolhidl: B thétaghe 8o OME E:tl:rﬁzllaigjn(?ﬁle%g of U

404).. 3. Lowresolution table interpolation:
and Ydafige she lgcatianeofiteminpwi dhgornsbaluo frith respeck ty thitefoun wertibes of

' f the i.nput chroma val ye with. respect tq.the
the 48Py v 85O Kol TR AR ot ke 35 B pficd s o
deefiimed by Terpaltiva bf G hesEaRhied @hroh® dTeseRRRILE8: the fEiSRrtices
using the U and V LSbs as the interpolation weights. The interpolated éhroma offset is

added to the input value to generate the output chroma value (steps 408 and 412).

4. High resolution table indexing : If the tag is non-zero, it uniquely identifies
which fine-resolution table must be overlaid. The next 2 MSbs of U and V now are
concatenated to form a 4bit index which uniquely identifies the square in the high
resolution table which encloses the input chroma value (steps 414 and 416).

5. High resolution table interpolation : Now the remaining 41.Sbs of U and V
define the location of the input chroma value with respect to the surrounding fine
resolution square vertices. The actual chroma offset to be applied is then determined by
interpolation of the programmed chroma offsets stored at the four vertices, using the U
and V LSbs as interpolation weights. The interpolated chroma offset is added to the.
input value to generate the output chroma value {steps 418 and 412). Figure 5 is an
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determ ned by interpolation of the programed chronma

of fsets stored at the four vertices 20 using the U and
WO 138196320s t he i nterpol ati on wei ghts. The i nt er p@CA{&d3/14984
chroma offset is added to the input value to generate
the output chroma value (steps 408 and 412). 4. High
resolution table indexing : If the tag is non-zero, it
uniquely identifies which fine-resolution table nust
eRnSl¥ 8f b 8drdple HaRIWSX ImPeNERS i of\bier Mt él’ﬁ&aﬁ{r %or the two-
concatenated to forma 4bit index which I quely

dirgrngionali legk-uhdabdgiuare in the high 25 resol ution tabI e

wh | h h 1
ey, THE RSO HScebt G It SHPen i WER IBtTO R s gt igrarchy.
Fo LA 18 el 4k B0Eire0 bveWvilitieVew 'teﬂﬁ‘estlﬁ %d!h%ﬁ% &fé Blor LRA's. The

i nput chroma valle with respect to the surrounding
Mibsere ysed & progmssivelyandexiiniptheteg tablisemtit titlzdr tdiag emtry is zero,

ot Bthet e RSBl Bag Fosyreinah 1B Bifacmining LSty wd o

inddrpélhe thoehromabisee Sromitie Rardu8ing 43Rriaded. Phik §E§eﬁ§then added
i nt erpol ation weights. The interpol ated chroma offset

back t thecrigingl thgeneraip the opiugehromagelver at e t he out put

03/ oD bts BB e bS5 vy S Y onlc il coatenation

of vhr a2 MSHsefoBoWed bptibRflodliupk.near interpol ator for
the two- di nensional |ook-up table. The above process

can ¥ hagdsyarg H&&lﬁm@a@aoms@thmsgme ofelled verigk qfés@ Inm nmet)memory
1€ : vel| .str.ucture
wRIECRREIENA ik e ol BF s PCpuddi R B isfere BBt eyt Efows
sitgbb syole gocksatd niedngay GO B8 Hiteipoitibn) d@Xspeiive dffiRe feﬂélutmn level,
t.abl es until either the tag entry is zero, or

Ths glee allowsths|color 4 Tsey ell rosalainn &yelsda b é@remgwsmsl@physmal

m&??r@[nl ng LSbs are used to interpolate the chroma
et fromthe surrounding 4 vertices. This offset is

t herFoaddpetifib agiichtion, BaclDds stinehe hdjugipiest, Mechikh esolution tables

out p roma val ue. The final table indexing process
arg W@Hﬁ!gm the dow resolytion sayares el fontain ddn tenechmamayalues.

T SEALA UL s O D 0 o
appafcﬁcsmtmm to tientheoretival full vesoldtion ostbi mep inndhe Arda et i8teRERGBile

e entries in a separate _data structure,
keﬁ‘?’%&?ﬁ %HdP@anrF’ us2e Iy for the

i nt 0, .
i e
redvee dies*;mnwnb ef memogdstoragarsguired. 8 hixig possitie b&@uﬁ@fm yhount of

offset applied is relatively small in comparison to the chroma dynamic range and can

therefore be represented with less bits.

Although the present invention has been described in accordance with the
embodiments shown, one of ordinary skill in the art will readily recognize that there could
be variations to the embodiments and those variations would be within the spirit and scope

of the present invention. Accordingly, many modifications may be made by one of ordinary

skill in the art without departing from the spirit and scope of the appended claims.
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For a specific application, such as skin tone
adj ustnent, the high resolution tables are overlaid
wWind3j096320t he | ow resol uti on squares that contai n BRVFR03/14984
tone chroma val ues. This user-definable |ocalization
of high resolution areas in the map provides a very
good approximation to the theoretical full resolution
color map in the area of interest, while 20 keeping
the overal |l nenory requiregpRiggenageabl e. The
purpose of storing offsets instead of an absolute
Whatanelaiomddsnent is to reduce the anount of nenory
storage required. This is possible because the anount
of offset applied is relatively small in conparison

to the ' . .

opr e AT R IG foRAShD Rl o Altueta RS thestep of

providing a phirdlity off swiiti-tessbrtivhal dodkumtzbles crdrictearansdd fohmapping
nbodi ments shown, one of ordinary skill in the art

W2 ¥d%8i 1y recognize that there could be variations
to the enbodi nents and those variations would be

within the spirit and scope of the present invention.

Ac c o2didngyisiem feaallowinginbhglabiaberd omadjudtments dempiisiog theatep of
di. illL in.th t Wit hout Lt f t he ,
R0 gty e b R 0 i

clRehaWeR34. 14984 8 CLAIMS What is clained is: 1. A
nmet hod for allow ng non-gl obal col or adjustnents

conprising the step of providing a plurality of

mul t-nesol utjonal 4 ook-up tables iC re,used for ..
nap p‘ll3 'né% @ % Tfﬁ’gq@ra?ﬂ_l?&?g %‘ﬁ% ad Sg'%‘}\%gm &8‘? 2y, feViche repmprising:
non- gl obah nfdiYEsoiod StrikeiNe SwIGHBICIuAENGoIbNPalSdsE
providing a plurality of nulti-resolutional |ook-up

t abl es whiinterpelates &t irtsrpolating ithrcolertvabieg basadupen tig: multi-
An r allowi ng color adjustnents in display
dev?%%gﬁeéoﬁ%%$3ing: 10 a nulti-resolution structure
whi ch includes col or values; and an interpolator for

interpglating the caolor val ues based _upon the nulti- ]
r esof-ulhompraratine! daimmhwherpisthe ealer adjugmantfosa aprsifia eplor is

GRE PR PreBtien JEF e TP TR 2 subser

of the col ors.

5. The apparatus of claim 3 wherein multi-resolution structure specifies between

higher resolution and lower resolution look-up tables within the chroma space.

6. The apparatus of claim 3 wherein a multi-resolution color LUT is constructed

by overlaying separate LUTS.

7. The apparatus of claim 6 wherein a single physical memory area is utilized
for the separate LUTs.

8. The apparatus of claim 3 that uses successive most significant bits of the input

- pixel data to index a final LUT to be applied.



10

15

20

25

30

5. The apparatus of claim3 wherein nulti-resolution

structure specifies between higher resolution and
Woawe32esol uti on | ook-up tables within the chr orPCT/US03/14984

space. 20 6. The apparatus of claim3 wherein a

mul ti-resolution color LUT i§ constructed by

overl ayi ng separate LUTs. 7. The apparatus of claime®6

wherein a single physical nenory area is utilized for

t he ge s ' .

uses s (LB STolaim Stk BRRAEHEYPlp s ATl b
spetifethe hidiRr ta3olutioR abks folvarddid bh/thd loweereapiptioethbledO

03/ 096320 PCT/ US03/14984 9 9. The apparatus of claim

3 wherein separate | ook-up tables are utilized to

. . "y o
" bweld- e ol ol 8 Wich i o R She MR B fhdh fopach
privhay éook-ayh tabbeeesitryao indicag i sedondartyilbolzapl tablerneedscto e accessed.

primary | ook-up table entry to indicate if a secondary
| ook-up table needs to be accessed. 11. The apparatus

of ¢l THeia?:p%ﬁfs%if Blatl? § 0 Wnel G Ble £t 3R t?ér ?/it isisg?r%g bPe least

in at lea one separate register or neno

oniElsepaplp acgistasorabemdrti m 10 wherein the at | east one tag
bit is stored in the sanme nenory as the | ook-up table
data. 13. The apparatus of claim 13 wherein the

mul tio- reRQlpPhiafit of LlRHE 10 R&eﬁ&‘i‘ﬂﬁ%t 1eakt drle20piMstshor B the
YW, YCrCB, YPrPb or any other col or domain. 15 14.

saffieencoppHaa theslook-up kableda®a.wher ei n the nul ti-resol ution
structure can be wutilized with analog or digital

di splays. 15. A nethod for color mapping for a display
devige 14RMERbAEhRGE Eilfn 38 SEred ihe riilBdo AR SHALALE can be

color values within a nulti-resolution structure; and
utilizyd with KB MUV § GrEB, ¥ B onanly wéer baloedomgion t he

multi-resolution structure. 16. The nethod of claim

15 wherein the interpol ator pre-defined adjustnents

for 142 Theta@pAdnG OF Bkin 3 wherein the multi-resolution structure can be
utilized with analog or digital displays.

15. A method for color mapping for a display device comprising the steps of:
(a) providing color values within a muiti-resolution structure; and
(b) interpolating the color values based upon the multi-resolution
structure.

16. The method of claim 15 wherein the interpolator pre-defined adjusiments for

stored colors.

17. The method of claim 15 wherein the multi-resolution structure specifies

between higher resolution and lower resolution within the chroma space.

18. The method of claim 15 wherein the high resolution and low resolution are

provided via look-up tables (LUTs).
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17. The method of claim 15 wherein the

mul ti-resolution structure specifies between higher
W@eH09%320on and | ower resolution within the chr orRCT/US03/14984
space. 30 18. The nethod of claim 15 wherein the high

resol ution and | ow resol uti o? are provided via
| ook-up tables (LUTs). WD 03 Y96320 PCT/ US03/ 14984 10

19. The nethod of claim15 wherein a nulti-resol ution

CO' 0 L’Pﬁe {n%thgﬁ %?Elra#:g ﬁ?%ﬁ%%ﬁﬂﬁﬁé@oﬂ&oﬁﬂ?ﬂ %U?; %gﬁﬁstmcted

erern a Si

bmtayxrgrgepara&lﬂﬂfsllzed 5 for the separate LUTs. 21.
The nethod of claim 15 that uses successive nost
significant bits of the input pixel data to index a

ook 008 R i o o e

fos ieecdepyrate iU Rs. gher resol ution tables overlaid on the
| ower resolution tables. 23. The nethod of claim15

wherein at |least one tag bit is utilized for each

pri et YTROBKmER of SRS \9@1% i ?ﬁ‘%ﬁ %d:# i

| ook-up teo% nggg 1§B£a%g%ég§§%de%g§ EStff. eﬁr;riet otgemput
pméldat@onn@amﬁnmi@[ﬁmﬂmmphécbast one tag bit is stored

in at | east one separate register or nenory. 25. The
nmet hod of claim 23 wherein the at |east one tag bit is

st ored Tie hbBod 8M8aind ¥5 ({Eﬂ R me?éra\%:lgr eﬁglfabg& d&lifzed to

data. 26. The net hod of

spacifyt fhehighet rasolotios tablestowesaid an thelowet resolnBon tablds. RGB,
YW, YCOrCB, YPrPb or any other color domain. 25 27.
The met hod of claim 15 wherein the nulti-resolution

3|t ; pLQIga)L/’I;& 1H8Mod6f clbibd 15 486re dtheRDSOE: B ihhtfliAe for each
primary look-up table entry to indicate if a secondary look-up table needs to be accessed.

24. The method of claim 23 wherein the at least one tag bit is stored in at least

one separate register or menory.

25. The method of claim 23 wherein the at least one tag bit is stored in the same

memory as the look-up table data.

26. The method of claim 15 wherein the multi-resolution structure can be
utilized with RGB, YUV, YCrCB, YPrPb or any other color domain,

27. The method of claim 15 wherein the multi-resolution structure can be

utilized with analog or digital displays.



