DETECTI ON, CORRECTI ON FADI NG AND PROCESSI NG | N HUE,

SATURATI ON AND LUM NANCE DI RECTIONS | nventors: Andrew
. MacKinnon Peter Swartz BACKGROUND Field of the

I nvention [0001] The invention describes |ocal control

of color. Description of Related Art [0003] A nunber

of col or nodels have been devel oped that attenpt to

IO, COMRECR AMING AND i Aigssig
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col or nodels al so incorporate brightness and
saturation. One such nodel is referred to as the RGB
(Red, Green, Blue) color nodel. A conmon
representation of the pAReeRteEst RGB col or nodel is
shown in the Fig. 1. SiAodrephdaidBnonl or nodel is
mapped to a three di menB¢tan®varispace based upon on a
cube 100 with Cartesian coordinates (R G B), each
RAGIKERSUND of the cube 100 represents a primary col or.

S mTarlTy, each point within the cube 100 represented
by a triplet (r,g,b) represents a particul ar hue where

Fie 0 rvdi nates (r,g,b) show the contributions of
—&Q@ﬁ%&—ﬁ%’%ﬂcol or toward the given color. For sake of
nmplicity only, it is assuned that all col or val ues
[Ooﬁlle na“rhnamrep@qn describestlocaheomrlof tlor. is a unit cube
such that all values of R G and B are in the range of
[0,1]. [0004] As illustrated, the first coordinate (r)
represents the anount of red present in the hue; the

Des%ﬁgq&gopﬁggt@a e (g) represents green; and the third
Co T—l_(_B%iIEI na

[0003] A number of color models have been developed that attempt to represent a

gamut of colors, based on a set of primary colors, in a three-dimensional space. Each
point in that space depicts a particular hue; some color models also incorporate
brightness and saturation. One such model is referred to as the RGB (Red, Green,
Blue) color model. A common representation of the prior art RGB color model is
shown in the Fig. 1. Since the RGB color model is mapped to a three dimensional
space based upon on a cube 100 with Cartesian coordinates (R,G,B), each dimension
of the cube 100 represents a primary color. Similarly, each point within the cube 100
represented by a triplet (r,g,b) represents a particular hue where the coordinates (r,g,b)
show the contributions of each primary color toward the given color. For sake of
simplicity only, it is assumed that all color values are normalized so that the cube 100
is a unit cube such that all values of R,G, and B are in the range of [0,1].

- [0004]  As illustrafed, the first coordinate (r) represents the amount of red present

in the hue; the second coordinate (g) represents green; and the third coordinate (b)




refers'to the amount of blue. Since each coordinate

must have a val ue between 0 and 1 for a point to be

on or within the cube, pure red has the coordinate (1,

0, 0); pure green is located at (0, 1, 0); and pure

blue is at (0, 0, 1). In this way, the color yellow
refess tathe aseamt ofblpd., Singe eich capuimitennestdasng walue betsteer 8 and

red and yellow, its location on this cube is (1, %,
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a dashed Iine between the colors black (Of )

y ) _ _ .
ot o, Hon BEPFER LIB (4301 R oo
. 8-Dbit. for .a total of 24- bit lor), th .
s higpoliphl. Trt o uBesatien  byeen FeaAaSENEY g bingion cgrtis

nmore than sixteen mllion colors representing the
cubrigibbrz.dh. Bohawld bainptedhat e dingarabDembrked @9a dashediiner
when using the RGB col or space to represent a digital
betiwdg the cdhedblatkk ¢, 0, MamdadarRqi at,a9, phbiibed the VIMAR sBRIR LT
conponents representing one of Red, Geen, and Bl ue
gl.a'gyrage pl anes. I n order, therefore, to manage color in
n image represented in the RGB col or space by

1008 2R e A F Bromalodatny it o o a toalof 24-

_conmponents in RGB color space are nodified gince each
bit Bﬁrg)ﬁéot)hﬂlé 8Ghrmgdeldiaa thescapatslirafsepresshting 256, or more than
Therefore, when renoving excess yellow, for exanple,
sixiebn hdllidh fcbloegieprebenting themahb e of poigtst within @h@bh RINLE 100.
between all primary colors represented in the digital

HoWeRGCwhd'&iflEthe RS b 1oL §IaRY tc{qllé es?r{t g@%ﬁ%?‘é?&%ﬁ pixel

properties in the inage, such as tones,

typically. ot ear natural en vie an
has pSBicid Vi g B3 PP S mareRlsafteshie pre et e O and
col or space may not be best for enhancing digital
Bluejmggaplangs. dmofder, dharafors, éo mgnage cojpadman imags reresented in
hue- based col or space, may be better suited for
the RdB eslor spgct by eendoviny) faradx appleh baoess yellewafueite fungsten
typi cally when enhancing a digital imge by, for

filafeANBYsEd i1aliRttioR 04l BFdd dlor ool fARGBBRE shite are

meodified since each of the three image planes are cross related. Therefore, when

removing excess yellow, for example, it is difficult to avoid affecting the relationship

- between all primary colors represented in the digital image. The net result being that
- important color properties in the image, such as flesh tones, typically do not appear

-natural when viewed on an RGB monitor.

[0006] It is realized then, that the RGB color space may not be best for enhancing
digital images and an alternative color space, such as a hue-based color space, may be
better suited for addressing this technical problem. Therefore, typically when
énhancing a digital image by, for example, color correction, the digital image is

converted from the RGB color space to a different color space more representative of




converted fromthe RGB col or space to a different

col or space nore representative of 2 the way humans

per cei ve color. Such col or spaces include those based

upon hue since hue is a color attribute that

descri bes a pure color (pure yellow, orange, or red).
th8yay bumanstpermgivietveldRCBuchedler dpacesriaclode thodeteisdibhgen hue

col or space, the color aspects of the di gital inmage

SirRtE BuélR-aCUR @bl Rt ALSRibERE hReToRS (Pr@ PIRRS D efi‘l:gg or red).
saturation. [0007] One such color nodel"is ref ‘ed 't
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ace’l erms of
(S nance conponents Y stands for the
thq QiFiA iRage ¥eApsAded ?PWesush iff’@Fﬂrﬁé%]s%h%ﬁ%ﬂn agation. ar e

the chrom nance (col or) conponents that are created
[0607dpm aBnesichicolak moREHs sefarekto YHY colirghiced Tha YAES color
R, G and B are added together to produce a single Y

spéce dBfhes o R EpAIRLih R RE oY ﬁl’hﬂhﬂmcg (VI8 ohr@hinance

| um nance, of that spot. The signal is then created
Cmgi‘m%%é@ééﬁé@e aﬂ"?ﬁéﬁqﬁ%ﬁﬂ%ﬁ%%cg 2%%5%%(@ s e

4“53’ he red ggd t hen scal i ng a different
U S Aremingchico Lﬁﬂmq%wé&laéa%q qrg‘ﬁt%q from ap grigial

circuitry. [0008] Fig. 2 shows a projective
RGBgueese Theweightedfvatiee of Ry 6eand iBrara sddadabgethdy to pridoce a
space into the W plane 200. In the UV space, color

sinplerC §iphdl OrepreSerding WS Va1l Brightids®) of Nﬁhﬂ&ace"@ﬁhﬁtsspbh She U
perceived color and is neasured as an angle fromthe

sighASs fnlesf rgatlejd @? sﬁbtra‘%ﬁhg hadly %P{ f?lﬁ b p $ ?gglla%ff i nﬁ;ﬁ?ﬁg%ﬁ

pI xe he magnrtude o vec

UVorl whi.ch i.s the int of zero
and B0 SPGB gl o) B iher walingfya v
range from +/-112.5. On the UV pI ane 200 Hue is
differq fastornit Bds pan hemecemplished e@mbrtvaﬂt@a@gc’rmna) fromthe

+U line (at O degrees).  Saturation is represented by
[0008E NMFyn2tshiows Rpfﬁmive@épr&s&a:ﬁtadbﬁ bothehrbé BidnbRNANYgVN

(00), whereas Lum nance is represented by the
coloPREd HRRhY URF plafie 268, ShaRs O v space, color perception is a function of
two values. Hue is the perceived color and is measured as an angle from the positive
U axis. Saturation is the colorfulness of a pixel and is the magnitude of the polar
vector from the UV origin, which is defined as the point of zero saturation (the grey
point) at U=V=0, where U and V range from +/-112.5. On the UV plane 200, Hue is
represented by the angular distance 6 (Theta) from the +U line (at 0 degrees).
Saturation is represented by the magnitude R (Rho) of the distance from the origin
(00), whereas Luminance is represented by the magnitude Y of the distance
.pérpendicuiar to the UV plane. Conventional color management systems provide

local control of color in the YUV domain by dividing the UV plane 200 into multiple

squares with two levels of coarseness. The vertices of these squares are then used as




per pendi cul ar to the UV plane. Conventional col or
managenent systens provide |ocal control of color in
the YUV domain by dividing the UV plane 200 into
multiple squares with two |evels of coarseness. The
vertices of these squares are then used as 3 contro
coptoel pogts; wiithheagh vhrtesea Udkofset iy spédifietl. Thesesifdel ales are
These offset values are interpol ated between control

int[E%ngﬁ&i BB sl donol Pbimh te@drive LoV ofii&s B ithE &YMUR! ARG

09] Unfortunately, however, since the UV space Is

tity i squares i-nt.erpol.ati ans qccur t hat
L R S e L S T A
X Thif_ causes visible artifacts since the control grids
intgrplagipng acsur thatare apt paralial {o huecr sataration de siopteateas Blis at
the grid boundaries since the definable grids are not
cayseneisibhroart factseincpteyvemtrot fridsearetdrat Suckartifactainplude
fl esh tone adjustnents cause undesirable changes to

undd488d RQR at tHRSsrid RBAd4RE Qinck fhe&ﬁﬁni.fiﬂlé gRaese adi 1%’1% éﬁgﬁgh to

occurs on a point surrounded I ne grids then
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rids, then either a coarse grid is adjusted,
to ’%ﬁ‘a in%fi‘f\f‘gﬁ%%{ tgne Iifhe intended adiMsimsint ASTSRA 2P9iBksurgpnded by
edge effects can occur if the coarse grid is not
finergidds themla ressoreblensljdshdent gan be thade Hdwavehwherthe coloh® be
col or adjustnments occur in the UV plane irrespective

adjadted 14BoRRAGEDY oOarséaink €in lorilid) Shdn by a cAHRE FRND Mjusted,
affect the |lum nance value itself. This i s not

i le in-: - . I | esh may

mofiihl Bftofe AR 105 i Bon, S B recty B e P
: reduced effects in hi Jow | um nance ranges, while

coariEriddy ngwgﬁgsﬁ?n%n&ﬂe ﬂﬂ?@éla%ls ¢ HBdhermers, thetolge | ow

lum nance range. [0010] Therefore, what is desired is
adjustwenth oecur imthed Y plage imespestivepd lurhinence (¥ valua vt te inmnd

| um nance val ue of a pixel instead of its Uand V

andvaahiket.afféct the luminance value itself. This is not desirable in some cases: for
example, flesh tone may be best modified in the middle luminance band, with reduced
effects in high/low luminance ranges, while the red axis control may be best modified
in the low luminance range.

[0010]  Therefore, what is desired is a method that acts directly upon hue,

 saturation, and luminance value of a pixel instead of its U and V value.




SUMVARY OF THE | NVENTI ON [ 0011] Broadly speaking, the
i nvention describes a nethod, system and apparat us
that directly acts upon the hue, saturation, and

| um nance val ue of a pixel instead of - its U and V
val ue. Additionally, instead of dividing the col or
space into uni SUMMAR¥OF THE INVENTION enbodi ment
uses nultiple user-defined regions. Because the
detection and correction region is defined explicitly,

R e e e

odj nent adds, the abj.lit o define a pixel's
thazgﬁaglyr?éﬁtupﬂa W5 SgHgEgtipm 30 biemsriabic gl e pesel stead of
_addition to its color and provides the ability to
its kbarik ¥ valve. pilditpnadly) mﬂﬁen@agéyidﬁigéhe devestacointoiniform
pi xel is based on its hue, saturation, and | um nance

aredfilone desgibed embadihesLiseOmultipletger-dafincdatyings. tB&ause the
correction for an entire hue. This sinplifies the
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across, all saturati val yes. Correcti,on, [ Qccur s
ottRF R Bro e SRkt Holaoet i Lhnengnr B aSiirib & fhebment
instead of the U and V directions as with other
addsthe ehilitydo drfimaixehipedipstianl hrgedcemitpiapuiioningnehrealee in
affecting hues other than those specified. [0012] As
additioretohitcsoldriaad prosvéddsitaabilitype friodffirgie fiyeltdomatahte)Thehe
pi xel's color space from Cartesian coordinates to

det%&{o%_rof%(fﬁiéﬂ i BHs6&F on AEHES, PclHaB6n a8 HitfRin A& a sihgl‘és

in a 3-dinensional region l3:1‘escr| oegI1 y a set o

regi,on par ters, applying a, cprrection factor based
set P S 0Fy @ gefhs s toygdtiomfar s Sheing e fhissmplf B wgeem
- and _converting the pixel's polar coordinates to
corpparedto; other spwems fnyhish nuliple porrgatien valgewers nepdpd to affect

advant ages of the invention will becone apparent from
a sinple hue latrowd albsatkettivod eduaeSoméqioh dndibh@écnrd in the hue,

conjunction with the acconpanying draw ngs which

satiirbiotS bhdhitnin@ice Wt ctins SR oF thd 11 8nd@ W difdcRbRSs Hitht diRer

I nventi on.
systems such that smooth fading can be used without affecting hues other than those

specified.

[0012] As a method, the invention is performed by converting the pixel’s color
space from Cartesian. coordinates to polar coordinates, determining whether the pixel
lies within a 3-dimensional region described by a set of region parameters, applying a
correction factor based upon the pixel's location in the 3-dimensional region, and
converting the pixel’s polar coordinates to Cartesian coordinates.

- [0013]  Other aspects and advantages of the invention will become apparent from
the following detailed description taken in conjunction with the accompanying

drawings which illustrate, by way of example, the principles of the invention,



5 BRI EF DESCRI PTION OF THE DRAWNGS [0014] Fig. 1
shows a representation of the RGEG col or space. [0015]
Fig. 2 shows a representation of the YUV col or space.
[0016] Fig. 3 illustrates a conventional NTSC standard
TV picture. [0017] Fig. 4 shows a bl ock diagram of a
real -ti ne pr oBRIEBDESCRETION ORTHRIBRAWINGE an
enbodi ment of the invention. [0018] Fig. 5 shows a
representative pixel data word in accordance with the
invention suitable for an RGB based 24 bit (or true

[Olﬁq:l o) i) PR 4 Iggﬂegéqt@o% offhoREMs R AR |1 ne data

accor an-e t he
invention, [0020] Fig. 7 shows a particul ar enbodi nent
[O'Hﬁlt hetigi yrtiours %ﬁ%Wﬁ?ﬂtﬁﬂé@& ©kFisReeonf i gured as

a processor to provide the requisite hue based
[00d61 ectlign3 dhudtratps @ censinignal NTECoandaricCEV pidhiret he
i nvention. [0021] Fig. 8 shows a conversion from

[0032] t esignd SIRwRQl BIbclC MRS AnNA G 8al-tIHOBRLesEhiGyst@mihons a

representative region in accordance with an enbodi nent

acc%(‘dan&@%utp%%ﬂiboﬁﬂnen[t 0P @ linehflon 10 Shows a Table 1 with

represen ive region values i accordance wth an
nbodl ment of the invention. [0024] Fig. 11 shows a
[00f1ﬁbwc HiBt> $hosesa teprsseniative pixel datp &wr@m @é@rdﬁlg:ewﬂletgﬁon
in which a particular pixel resides in accordance
inveitidn saitabletfodimBGB tated 2Hebit (or émt icolor) syptem25] Fig. 12
shows a flowhart detailing a process for cal cul ating

[0019Di OTFig X SHoWRIGEchiRE A HOREIR AbbdrBaRe vAIRAUNBRRIm & of
the i nventl on. [0026] Fig. 13 illustrates a system

the?ﬁ%n%&d to i nplenent the invention.

[0020] Fig. 7 shows a particular embodiment of the digital signal processing |
engine configured as a processor to provide the requisite hue based detection and
processing in accordance with the invention.

[0021] Fig. 8 shows a conversion from Cartesian to polar coordinates.

[0022] Fig. 9 shows a representative region in accordance with an embodiment of
the iﬁvention.

[0023] Fig. 10 shows a Table 1 with representative region values in accordance
with an embodiment of the invention. |

[0024] Fig. 11 shows a flowchart describing a process for detecting a region in
‘which a particular pixel resides in accordance with an embodiment of the invention.
[0025] F_ig.' 12 shows a flowchart detailing a process for calculating region

distance in accordance with an embodiment of the invention.

[0026] Fig. 13 illustrates a system employed to implement the invention.




6 DESCRI PTI ON OF AN EMBODI MENT [0027) Reference w ||
now be made in detail to a particul ar enbodi nent of
the invention an exanple of which is illustrated in
t he acconpanying drawi ngs. Wiile the invention wll
be described in conjunction with the particul ar
enbodi nent, DNESCRIPTION OFIANSEMMBODIMENT i s not
intended tolimt the invention to the described

odi REfefencd Rill Afw 6O Ral @Y detdit to' asparﬁtuw@ﬁfto&&&l%%e

ernatives, nodifications, and ‘equival ents as maybe
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met hod, stem and. appar at us that directl acts UP
theigyention Wlﬁé’@ @eseribehin eanction with dee Ragtienar spibadissps it will
instead of its U and V value only. Additionally,
be unddrstacd thiat il ismiad iintegndetido Linlitthe fvantion totlee describadm
areas, one described enbodi nent uses multiple

embS@hTeHef THae cORGArPI1B1s ihidnddd 15 WA alteﬁthﬁ‘é?e% Iﬁs&ﬁetﬁo@@ and
and correction regions are defined exp icitly, It is
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gds the bili %ﬁdefl ne a pixel's adé}ust ment based

[003R] i ¢ Broadyers dgveptipn describesapapthpd §ystem; ang apppsgrus
and therefore provides the ability to nodify the

thapdixesitlysicismpom thedme, Shuateont, hed biatieaice valuebf apipckiakteadof
based on its hue, saturation, and |um nance value, a

its Bl andl\evalae ofly. Médhﬁ@xﬁal@aﬁsﬁﬁd bf\&ivtdtteg 6O ES18£3a8Sink P linifdtm
entire hue. This approach is a gr eat |rrproverrent over
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. ues, thernore, . snoo .can .be used
singg ‘%%‘Eﬁ&‘f’né’f} 8%‘??9‘?@“ ﬁ%@%{%@%ﬁ t%f@é # ig paspreding golors
since correction fading occurs in the hue,
othgrathen thosoehosemth heaffented vell b chatgedn©ng descrbell afibadiment

and V directions provided with other systens. [0029)
- add§liee abiN®b defined pikelvadjidemeag vasddapdtd inpite@@imatde Alue in

syst em based upon a
~addition to its color and therefore provides the ability to modify the pixel’s
‘luminance. Since the detection of a pixel is based on its hue, saturation, and
luminance value, a single set of values can define the correction for an entire hue.
This approach is a great improvement over systems in which multiple correction
tralues were needed to affect a single hue across all saturation values. Furthermore,
smooth fading can be used without affecting hues other than those specified since
correction fading occurs in the hue, saturation, and luminance directions instead of the
U and V directions provided with other systems.
[0029] The invention will now be described in terms of a system based upon a

video source and a display such as a computer monitor, television (either analog or

digital), etc. In the case of a television display, Fig. 3 illustrates a conventional NTSC



vi deo source and a display such as a conputer nonitor
television (either analog or digital), etc. In the
case of a television display, Fig. 3 illustrates a
conventional NTSC 7 standard TV picture 301. The TV
picture 301 is fornmed of an active picture 310 that
standatdEV picase 301.t e TV pictoted0d iSimedaf arcative prtyse 810 that
informati on. Qutside of the active picture area 310
is the aPea W fANKTV Qidt@@I300 it LarBidh prRk&infsHnatibh eOaRdf Jrehd
bl anki ng. The active picture area 310 uses franes

. Pi C i t .orm ciual
sotfpiehikd s 98 5o DIE s Bt fiq g pbkind
roduced fromany of a variety of sources such as_ an
THS 81 VP G TERACE S USRS Fraen AL Bixelsel 14 nd s, ings Sheia foag the
digital sources such as a conputer nonitor, digital
actugl EViimagm THoMAme 2t reptescisy s stdhinageiperdacedfrem|aag ofla
scan is used, each frame 312 represents a field of

vatibty O BeirtRRuctitdiPandbg videH R, bt PEASERIcvRIIC hs well as

breakdowns of a still image depending upon tlhef type
oL RS0 50 &9 Qi ok el Mgt ! 54 s

| um nance, conponent (also referred to_as |lum, "Y")
wheriniegipgsd scap 15 ﬁﬁ?(lh%@@? 31 tRpssne Seldgf fpfermation.

human vi sual system has nuch | ess acuity for spatial
Frarag 3 B mayalsofeprastatrothan dreakdowiny ofghatildms ge depending upon the

advant ageous to convey the brightness conponent, or

typewfBeannthg®aihgatafinel , and col or information that has
had | uma renoved in the two other channels. In a

ingi t ; C have
(068D O B TERTGAG Ay bRG £¥ERhB0 L5 ABRRe B, 10
the |uma channel . Since green _dom nates the | um
oS TP AP (TR0 g B oF Y o Bhebr Shigmatpance,
conprises green information), it is sensible, and
compeagntsa fangdhe rma vieal system basouehelassaeuity far shatind vettiagion
two col or channels on blue and red. In the digital
of chdorethan foir beightnewpit ¢0ddvantafadns & Sonvay tebeikhimeadohipoasnt, or

chroma blue, Cb and chroma red Cr
luma, in one channel, and color information that has had luma removed in the two
other channels. In a digital system each of the two color channels can have
considerably lower data rate (or data capacity) than the luma channel. Since green
dominates the luma channel (typically, about 59% of the luma signal comprises green
‘information), if is sensible, and advantageous for signal-to-noise reasons, to base the
- two color channels on blue and red. In the digital domain, these two color channels
are referred to as chroma blue, Cb and chroma red Cr.
[0031]  In composite video, luminance and bhrominance are combined along with

the timing reference 'sync' information using one of the coding standards such as

NTSC, PAL or SECAM. Since the human eye has far more luminance resolving



[ 00311 In conposite video, |um nance and chrom nance
are conbined along with the timng reference 'sync'

i nformati on using one of the coding standards such as
NTSC, PAL or SECAM Since the human eye has far nore
| um nance resol ving 8 power than col or resolving

popenthan coloeresaving moivar,ihecsion sharptiedsdbindwadthpoLoeteldd signal

signal - is reduced to far below that of the |um nance.

1sie@9&a]to?ﬁﬁb%fowﬂﬂt6ﬁ%hﬁnﬁé&e 4, a block diagramof a
real -time processor system 400 i n accordance with an

odi t of thed.nv LS sho
L Sl R A A L s e i Ao
arranged to provide any nunper of video input signals
400 gy agsprsianessy ity an smbedimepiidheinyention ig dwvmmlge &
nunber and type of well-known formats, such as BNC
prevessposystes 4@kmchidedirgintagk soyres 402 z&fangécgiotlﬁbvide RGBumiser
consuner digital video. The signal can be anal og

of Pidey irﬂlﬁf’m%ﬁbgs orpaReSMY cﬁwsé'ﬁaed ﬁgﬁ&@@a% ha90 #hPRhBBRIRd

sour cé uch as for exanple, an ana og television,

o e P B0 0 BBl B i,
satellite DSS or .cable signal) and the |ike. The inmage

RGR oF eensumer gigialaride. Theeidanabean beicgaloa providegdhe srpaggource
406 such as for exanple a digital television (DTV),

402ingludes, asalbg imagersenae 484 dudhles for dsampld) en anaiog @levidiate otill
si gnal can be any nunber and type of well known

carfiérd) dnllogNACRAD VDS &¥r amcSMRH Fasér/ dibt JA9&, ﬁl%ﬁlerxse&%é Box

resolutlon progr essi ve or i'nterl aced scan)

_ (m@l?ga%l}lfe%?gs &ri1 gea%f%laﬁ%&ﬁ?ﬁeollﬂkg "ﬂle imaPd SRk \é:%n ?‘%@33]

as s progressive scan Vi
se where th |nage sour c rOV|des an
*ﬂcﬁﬁa |ag’§g1 esSPtﬁ?ar‘ sugk a5 den %@I@@ ad:? gataléﬂe\ealﬁv LYY,
(A/D) 408 is connected to the anal og i mage source 404.
digital stilecathetse pindbibg liknb dtie digitel, vidévesiguaDeandraarytnambénagnd type
converts an anal og voltage or current signal into a
of Wlbkeiiredigsli foinat swbhgi! SVPYEonand mlbsr(wm $0$(sl+e&51aﬁan

formng in

progressive or interlaced scan), SMPTE 296M-1997 (1280 x 720 resolut:lon,
progressive scan), as well as standard 480 progressive scan video.

[0033]  In the case where the image source 402 provides an analog image signal,
an analog-to-digital converter (A/D) 408 is connected to the analog image source 404,
In the déscribed embodiment, the A/D converter 408 converts an analog voltage or
_current signal into a discrete series of digitally encoded numbers (signal) forming in
the process an appropriate digital image data word suitable for digital processing.
[0034] Accordingly, Fig. 5 shows a representative pixel data word 500 in
a;:cOrdance with the invention suitable for an RGB based 24 bit (or true color) system.

It should be noted, however, that although an RGB‘based system is used to describe

the pixel word 500 the following discussion is applicable to any color space, such as



the process an appropriate digital inmge data word
suitable for digital processing. [0034] Accordingly,
Fig. 5 shows a representative pixel data word 500 in
accordance with the invention suitable for an RGB
based 24 bit (or true color) system It should be
Y%t ddcotdingty; ém thetRGB calor bpaae thapix 8@ thwerlb08)is farmei sf 3
used to describe the pixel word 500 the follow ng
su%ﬁ/felb?ﬁ ReA éRPstﬁ:Pﬂkél%b' £GERn0Y subhiQE] A& a B}ﬁféfeB?&bS?

Accordingly, in the RGB col or space, the pixe
. S f - piLxel s, Red (R
pofl30 08B B @1 BRC e 5, BTGB BIS: mpR T s
p bl e B e 50 3 il il

_i's capable of generating 2" (i.e., 256) voltage |evels
binssuhratrepresentedfag mrbdsdogramp sForlsx amplehiara 240t esdlondysimg s =a8
hi stogram). For exanple, in a 24 bit color system n =

and® theaM suH-PikelB 05tan B X§dd 606 reRRAt 15 1ba@¢lof iBe CEBE BREBY
256 | evel s of the color blue by varying the

TR , { os. t he

v AP RRBendy of BE UL W Hhodt L TRANLY Figh
mask, whereas t he ub- pi xel 504 can be used to

passig thoy S%%Gll @uﬁma%wla?f?aﬁa? Gtwg-n%ﬂépﬁ eafybe used to
di scussi on, a shorthand nonmenclature wll be used

represgnt 2pérovedsofnoldr. Fhetheotroainmgalissussaim g shortvind ndmehdature
color depth (i.e., the nunber of bits per pixel). For

wik ke ugldahattdegotes Wéth tiskadodorwpadé Veily dsed alebiheicbRE dgsth (i.e., the
RGB888 neani ng that the col or space is R@ and each

e SR K368 7 BB
R T SRS A e A
_shown in Fig. 6. It should be noted that 4:x:Xx

bitslonsl ing is a sanpling technique applied to the col or

di fference conponent video signals (Y, C, Cb) where
[0085E c A @ordinily,fthe AVTD eorsieg B 08, uses whmds fdferral 10 as anpk ed

at a sub-nmultiple of the |um nance Y
sampling to generate a scan line data word 600 (formed of pixel data words 500) as
shown in Fig. 6. It should be noted that 4:x:x sampling is a sampling technique
applied to the color difference component video signals (Y, Cr, Cb) where the color
 difference signals, Cr and Cb, are sampled at a sub-multiple of the luminance Y
frequency. If 4:2:2 sampling is applied, the two color difference signals Cr and Cb
are sampled at the same instant as the even luminance Y samples. The use of 4:2:2
sampling is the morm' for professional video as it ensures the luminance and the
. chrominance digital information is coincident thereby minimizing chroma/luma delay
and also provides very good picture quality and reduces sample size by 1/3.

[0036]  Referring back to Fig, 4, an inboard video signal selector 410 connected to

the digital ﬁnage source 406 and the A/D converter 408 is arranged to select which of
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frequency. If 4:2:2 sanpling is applied, the two col or
difference signals & and Cb are sanpled at the sane
instant as the even | um nance Y sanples. The use of
4:2:2 sanmpling is the "normi for professional video
as it ensures the |um nance and the chrom nance

thelivgl insge sodroesn@haloginiape coirne Qo dititsd imbye Burdenios) Wil
chroma/l uma del ay and al so provides very good picture
préidd thbYii@ndirh fRU6 88 eftltdbyS & tﬁﬁm&éeiyrgk& g]en 'Pe 412

eo sign

Referrlng back to Fig. 4 an 1 nboard
t he d e sou

coRGiRG el A B RaRbER e Pross et ol bt oSBea S the

(ﬁg ch of 10 the two_image sources (anauﬁg i mage

videg signal &Péf‘&t%m Bi the digital image Prosesing @eBE 4I2 ptpulsranyi de
the digital imge to be enhanced by a digital inage

enlpmock sgbiog of figi raeei vl Aigitbinveette dn bhdobatdoidedlsignal selector
appropriately processing the digital inage received

4141 ARWithehe #AEQ i@ Rleceh B iy oﬂﬂ@ard Lo déi8dthAd1 4 lgag e

processi ng engi ne 412 outputs an enhanced version of

g e S R

. the outboard, video selector 414 is arranged to send

dlSPﬂé! ugff ﬁgﬁ cayinglude g standard amalog §'Vaa digiah & Ve rompipasr menitor,
416. The inmage display unit 416 can include a

etcs fmtheaask wherk dyp ifdge displiag nhia k1 dchelesmuarelogndisplayodevice
etc. In the case where the inmage display unit 416

418, Rathigesstaniasdala % ™ Sa(lilg]‘!alqg-\éhﬂ@g (]5/1‘@ coﬁ%ifér 420 8onnected

standard anal 0g digital -to-analog (D

to the BM%B&%fvﬂ%, 'i:o?qlm cSn erlltg I ngnl gleg d?x%; g g%zrl naI

sel ector the en ance
at e analog format. [0037] Fig. 7 shows a
appﬁ%ﬁ’l?artgg‘fai‘?g’l@ﬁ%@dl ment of the digital signal processing
engi ne 412 configured as a processor 700 to provide

[008Ak r digi%showshpertisakie dmbledimeni efithe digitalwignabpocesginign

accordance with the invention. According, the
engiieA ISR IR0 as h PRIceEes 7@ toipiplide e ¥&uidiRMiBbased detection

detection and converter unit 702, a region detector
and%}gcessmg in accordance with the invention. According, the processor 700
includes an input pixel format detection and converter unit 702, a region detector and
selector block 704, a region distance calculation block 706, a correction block 708
that provides for hue correction, saturation correction, and fade correction, an overlap
enable block 710, and a U/V offset application and final output block 712.
[0038]  In order to preserve memory resources and bandwidth, the input pixel
format detection and converter unit 702 detects the input pixel format and if
determined to not be YUV color space, the input pixel data word format is converted
to the YUV color space based upon any well known conversion protocols based upon

the conversion shown in Fig. 8. Once converted to the YUV color space, the input

| pixel data word length is then set to YUV444 format whereby the sub-pixel data word
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sel ector block 704, a region distance cal cul ation

bl ock 706, a correction block 708 that provides for

hue correction, saturation correction, and fade

correction, an overlap enable block 710, and a UN

of fset application and final output block 712. [0038]
lerigthsoarel eachtset fordduts{orwiaensr pthee fomatis sleemell dppnohwiatit for the

the input pixel format detection and converter unit

pa&ﬂﬁkﬁﬁh%ﬁkﬁoﬁﬁﬁwh@put pi xel format and if determ ned
to not be YUV col or space, the input pixel data word

mat i . . sed .upon
(021 ™0l RS Bl fhind £uhlIE el 3P U HREF SRR Gy RRes
onversio hown in Fi.g. 8. Once converted to the YUV .
m‘ﬁquﬁe&ﬂhg InifigRs pYsAlRir asspsiated gamertinn paramstest 35 illystratedyin
set to YUv444 format whereby the sub-pixel data word
Fig P anddiyg. HO showingacTabkek. A rgbnfi0Rds definedibatie/fotlowidzer
format is deened appropriate for the particular
paRBRIdre aBLAD Bl..LARAR, Y 3489} Wefirdigltdrifon ReRn®040iAle
a single format, the descri bed enbodi nent utilizes
I %i pl [ fd mlt] l: thei ci.at.
(O RPN IEER B epR0R i o) S BRRRE | By Rehee
(g- 10 showmng a Table 1. A ign 902 is defined by,
N epBF sotee RporsEietimiodne g eksBa s angiih eqtors & thegstupgion
Yt, and_Y2} define a correction region 904, while
of thefealpe., Withinl eachaeglotypiadis aretmbilified in sddiéver(effsasho906 i n
the hue, saturation, lumnance (YUWY) color space

mulivijicatiCe (gain® itinh@s hdterdinetodthe bhteectioh PhrameeriRHRf Sffet,t O
the saturation of the color. Wthin each region

[ I i.f [ it 1 f
ol 55 SRS L, S LR L8019 kel ot
Hue offset, . Hue,gai.n, Sat

correctio r ters: ,
corferio i anglied BLaTtpixels ity Lesrrecfichfoginn WhE (eiamemnt of,g

V offset. Full correction is applied to all pixels
corggctipn deggeasey indbe fagn ragiqn Bem fukhatl e edge ofitheparregtion and fade

correction decreases in the fade region fromfull at
regidms terkge abthe elige afahe fde hen fanidsksf fola the @giedtion fogioher O

at the edge of the fade area furthest fromthe
[0090] ' ©Qh kiR ek&iHe@ Rmbodiment, each region has its own unique user-
c_onﬁ gurable values for all parameters Bcenser, Oaperture, R1, R, Y1, and Y, Hue offset,
Hue gain, Sat_offset, Sat_gain, Lum_offset, Lum_gain, U offset, and V_offset (see
Table 1 in Fig. 10 for an exemplary set of values). In some situations a particular
color may reside in multiple regions, for this reason, an interpolative process is used
to determine how much of each of the correction is applied to give the final result.
One implementation uses a priority/series correction approach that corrects the pixel
by the highest priority region first and then passes this corrected value into a second
~ correction block for the lower priority region. Although the described implementation

allows for 2 regions of overlap, other implementations are contemplated using more

than 2 regions of overlap.
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[0040] In the described enbodi nent, each region has
its own uni que user- configurable values for all

par anmet ers Oeeote<, Oaperture, R, R2, Yt, and Y2, Hue
of fset, Hue gain, Sat-offset, Sat_gain, Lumoffset,
Lumgain, Uoffset, and V_offset (see Table 1 in Fig.
10 for an exenpl ary sRegioh Detdctien). | n sone situations
a particular color may reside in nultiple regions,

[0d41 t NRSfefFrABYARK tligl NG IR eRIbBERRAL, a a}—tgc%ﬁarrég?on

deternm ne how much of 'each of the correctio

' iLve th inal. result. . i.npl.enent ati o
(ofRfiohgh b2 o 9 v AfapL " Bieh 83 vt msplsbifl o Aerod by e
corrects the pixel by the highest priority region
detertion blagly 794 @sng apsesssy Hi09 shovn ixe awebartilustrated i Fig. 11)
second correction block for the lower priority
so ety apply tht apwoginte baratton palamdteranin thieelescaibed embaditmens
for 2 regions of overlap, other inplenentations are
thi€ edpi R ti6Al phiekddds BRES upsd e ki |3 bel 2
Rg!gg:i on Det ecFi on [00411 %efer??eﬁg&ggglﬂﬁltagénﬁ%gaﬁb#
Y ' [ - [cular reaiog or .
it SRR BT REELTT L s SpBEHH R S 2hglan 4y point
i xel resides is detected by the detection block 704
In 5 patigylasimplespentationy opp 1s eteqton P 18GiC RS 3 singleregiond
in Fig. 11) so as to apply the appropriate correction
selpetorfidtie nsed fonthe detedéscprotmss. Ehdpcess 1100 begimssatrid g2 by
detection process is based upon the presunption that

retB&HinPihe@umbBY oft8giold folbefisad. "RthéNHRaff cak¥ihd REhBEIST regions
that is, up to two regions may overlap at any point.

to bR RAkdo thil k@{@ g}gﬂn als aéé&éa’aﬁsfbggg@gggg1§ggﬁgﬁ&é

per region, p single regro 'S used
for. the detection process. The process,K 1100 begi ns at
satghioh, 35 NP ce TR RS o Ao om Forisied ot B 10geetch
In the instant case, the nunber of regions to be used
region defgstas genecfanedsh regign)romperes dedrals happatations and At
1104, the hue, saturation, and |um nance paraneters
luntingnceaalues woheregiunadeteetioh puatheRispatifitd € cadld®iBion, At
1108, a region identifier is set and if, at 1110, the detector finds that the pixel is
within its region, the region’s address is identified at 1112. If, however, it has been
determined at 1110, the pixel is not within the region, the detector outputs a value
equal to the total number of regions +1, designated MAX_REGION at 1114. For
example, the region detector for region 2 would use the parameters 9center, Oupertures R1,
Ra, Y1, Y2, Otade, Riade, and Yo, for region 2; if the pixel is within the ranges
delilnjted by these values, the detector outputs ‘2, otherwise “MAX_REGION.’
[0042]  At1116 and 1118, respectively, the region selector 705 determines the
. primary (and secondary in an implementation that allows overlapping regions)

detected region address of the pixel. The primary region is the detected region with

the lowest address number, and the secondary region is that with the second-lowest
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regi on detector (one for each region) conpares a

pi xel's hue, saturation, and |um nance values to the

regi on detection paraneters specified for each region.

At 1108, a region identifier is set and if, at 1110,

the detector finds that the pixel is wthinits
numbgi. §or exanwple, éfp pinelss addiinethe overlapgingtarda cfdegionsi3 4Rl 6, the

I f, however, it has been determ ned at 1110, the

prlﬁiaXﬁfegio‘h 1@9tanﬂﬂthé1$e@0ﬁdh€y 1580 [fARe pixbEis 661 REhiAanQ db@AHdS a
value equal to the total nunber of regions +1,

[
red AL E b RO Pehan Sl oS0 Ry REEioN «
pertur.e R2, Y1, Y2, OFade, Rfade, and
11%%1’1 o}fes?eé’fjv%}ﬁ 2. if the pi xel is within the ranges
delimted by these vaI ues, the detector outputs "2,'
ot herwi se "MAX_REG ON.' [00421 At 1116 and 1118,
respectively, the region selector 705 determ nes the

. primary (and seccmﬁaly])i,'_giam(ijg_r_@é]gﬂmt ation that
al  ows overl appi ng regions) detected regi on address

[mﬂ&y herQta¥ifitate Hetinh! AR Kol Aikelo? il Yl @gﬁg‘ﬁ%@%‘{“hard”)

lon Wt I owes

ares a |on|sthatvv|ththe secodl

E#FBE& tob i s lethe ARy B emeets g dfgtance fom the

over |l apping area of regions 3 and 6, the primary
edgeeafitemhard aga ofip gixchia the fadn dtraynust be calcmatﬁd;éfmnxleter insthe

not within any defined region, both the primary and

cotirdvtion blokddn yixeb] fon sxafnsle B! af thic GvayHRonREH HalN &ka tolthe 2
and 1124, respectively. Region D stance Cal cul ation

outiap&fé%]of iR h@chbd 1 tlz% 4 5 A3 sgg&ﬁ&ﬁ & éc'ﬁﬁ @?ﬂgeOf

correction rd“) are rou

y no cor.rec ,
oty & RikePpih R Bt areping il Feapditbes AFR1aRs i n
t he fade area nust be cal culated. Then, later in the
genewiteds andieating b sirength qerrgetian throsghews thehasdpegion. Wagh pixel
~ the way fromthe hard area to the outer edge of the
chanaeldhae male, bdtentifd mhiRiiude, dIunfindnbe) Iap e asfsbadted distance
correction wll be

calculation that is output separately from the distance calculation block 706. The hue

6 (Th) path is calculated according to the process 1200 shown by the flowchart of Fig.
12. First, at 1202, the value 64 is created. If the saturation is 0, the hue angle is
indeterminate. If the pixel correction includes a saturation offset, the saturation should
in fact occur along the centerline of the region. Therefore, if the saturation R==0 at 8y,
is set t0 Ocentre for the primary or secondary region as appropriate at 1204, Next at
1206, the values 9 wplue360 and 8_min360 are created by adding or subtracting 360
degrees from the pixel hue angle 6. This is necessary to account for the (modulo 360)
nature of the hue angle. For example, if 9__centre=0, and 0_ap=30, the region hard
area is defined from 0430 = 30 degrees to 0-30 = -30 degrees. Since the Cartesian to

polar block outputs hue angles from 0 to 360, a pixel with hue angle 8 = 359 would
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applied. A pixel within the hard area of a region wl|
cause a distance of 0 to be generated, indicating
full strength correction throughout the hard region.
Each pi xel channel (hue angle, saturation magnitude,
and | um nance) has an associ ated di stance cal cul ation

not badetededwithintths mgomabimilarfyibaraghon whsstefinedas 0 centre=359,
cal cul ation bl ock 706. The hue 0 (Th) path is

an@ 8| g3H30! 186 rasGPRAd B iPddNBD BORCE®S 36 20(3osdepiis Y3 sobs =
flowchart of Fig. 12. First, at 1202, the value 0Oth

g
I ahi I

520 3G e o B 4 201 e S A8 s ion

?tu ation q}e set, . the saturation should in fact
It i§ dor fhis grasapy therresien howidarigyarg compaed Wit O_piHedo0s ande,

if the saturation R=0 at Oa, is set to 0,e"ft for the
O _min3elr pdit_1s8dishamngd Sdgi B WOHsspapq]ing o fade disttncddif4he hue,

Next at 1206, the values O plus360 and O0_m n360 are

satGfighemhd anﬁﬁﬁd:eﬂﬁrd@ﬁoﬁsU Risp@sivi1pGerd BpuHREMARSHILEIO R 1208
pi xel hue angle O. This is necessary to account for

RSP GREL  F S AR o
enfpfsal 1 Heas mey s p@afqocafcu%gpgi qﬂ%a%ﬁ@g%a@?é’
hue angles fromO to 360, a pixel with hue angle 0 =

regi®B. Woutximple) im Big. Bethekstace tacregion distanch ealcelgtiamblocks, one
Simlarly if a region was defined as 0O centre=359,

forasach Gftﬁapﬁﬁhar)tdiﬁ séﬁgid@@d%wcﬂ:d&égang s defined from
359+30 = 389 degrees to 359-30 = 329 degrees. A pixel

with hue angle 0 = 0 would be falsely excluded from
this region. It is for this reason the region
boundaries are conpared with,0, O plus360, and O
m n360. Sdist 1, Sdist QUISEHONS|i St 3 corresponding
to fade distances in the hue, saturation, and

[004dhi naPhesorpotinntblonks, onedenesch iof tieyprinanes awd sesondafy detected
the block at 1208 (as unsigned 8 bit integer + 7

reglonagdricapsalatdnill the aperatorsneacssapns ayply dieeipprphiateltegion-based
- described enbodinent, there are as many region

cor%cﬁbm%mbﬁa&sabhm@a@@kés aéngpu& Q%@ £, saheodRiue,

For exanple, in Fig here are two region di stance

an ulm(l;ﬁjalngetv Vallle zki)tllcp ouli'pﬂts 8 USirected hue angle, saturation value, and

luminance value. In addition, the primary correction block also outputs the calculated
-Fade_factor. The correction block/function handles pixels differently depending on
whether they lie in the “hard” region (non fade region) or lie in the fade region around
the “hard” region. For a pixel inside the “hard” region, hue gain is applied to bring
ﬂw hue further apart or closer to the region’s theta-center. _Satufation and luminance
gain de_creasés or increases saturation and luminance for pixels in the region. Once the
- respective gains are applied, region specific hue, saturation, and luminance offsets are

added,
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for each of the primary and secondary detected
regions. Correction [0044] The correction bl ocks, one
for each of the primary and secondary detected

regi ons, encapsul ate all the operations necessary to
apply the appropriate regi on-based corrections to

I nput pi xel s. Each BadcRadtak€srrastiomput a hue angl e,
saturation value, and lunmnance value and outputs a

[0645] ' eCYRadpidaihAife fadPhabiofld O réfRddAe corfflond W BbRANCE

value. In addition, the primary correction block al so

: C Iated Fade correct
o ebhoBFing Snedore oo 2P el Vi S
whet her the e in the "hard" region (non fa

applisgh bRy ewsr, ?:(rp@ the,opteicedeg @ thedgrdarea tootha quter P@e oﬁ thedfade
region. For a pixel inside the "hard" region, hue gain

ardasthasrengtld of cortectiogdediihes lnearly fivtrhkex cagectiongfulloitresgh) to
to the region's theta-center. Saturation and | um nance

0)Q@irfécﬁ&ﬁftﬁ@&?&t&fplké]%&ﬁﬁ@&e%@éﬁhﬁt' on and | um nance
for pixels in the region. Once the respective gains

CO?E%I“% {hg(}?qese%bpﬂ %)pqgl fic hue, saturation, and

nante o S are dded. 15 . Fade Factor
lication of a fade factor to

ther[fgégf’lgn ad@ b@?q%bﬁgp(%dlwadée@ékﬁ%ﬂé [1Thr oughout

the region's hard area the full regional correction
val (Rdistad/éadeaghip )], However, fromthe outer edge of
the hard area to the outer edge of the fade area, the

whete saivg txhis te &ﬂllﬁﬂt%ﬂﬂeqeglﬂﬁ @istanes cdlbnl sl Blodk BFtakhthannel,
correction (fu strength) to 0 x correction

and HREGR 1o Rkl o7 (Al %?]fmg BEMDM a:E0RGE @?}ﬁ poite
avcafléfbyf aiﬁ;)ojsltsngzrlefgl%%% t((j) Ih?) .:)ilLeS fog %/ fagig ddlsstt X, %\/d'fl

calculated externally. One of the five registers simply contains the value 1/Th_fade.
The other regions contain the inverse of the values Rsoftlower, Rsoftupper,
Ysoftlower, Ysoftupper. These values are themselves calculated as the fade distance

given clamping to 0 and 255. For example, Rsoftlower = min(R1, Rfade), and

Rsoftupper = min(255-R2, Rfade).

Hue Correction

. [0046]  As with the other correction paths (saturation and luminance), the hue
correction path applies a hue gain and offset to the input hue value. However, the
different operation of the hue gain function necessitates a difference in the hue
correction path. First, 6_diff is calculated as the signed difference between the region
.center angle B_centre and the pixel hue angle 0. That is, if the saturation is zero, the

region centre angle is used, and then a decision to use this value, or a value +/- 360
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where sdist x is the output of the region distance

cal cul ation bl ock for each channel, and fade disc x

is the length of the fade region in the rel evant

direction. Dividers are avoided by allocating

registers to hold the values for 1/ fade disc x, which
degnees is dalien bhsedent thetegiondiokder afples.of diffies lherveiampql ®teF s

sinply contains the value 1/ Th fade. The other

TheRJhR Mhiscithgddvatdeds | mamqma fo bhg aﬁ@h Shife@ - OMR! This
Rsof t upper, = Ysoftl ower, Ysoft dpper. ese val ues are

hat f]ll% %?t@&tvo??noq@é% 9%(%@ ﬁ'éeo%lﬁlg{( go%dﬁdsdérﬁsﬁpﬁeom ﬁlg cgrﬂer of the

and_. Rsoftupper = m n(255-R2, Rfade)
regig, %@ﬁ*}d rkﬁa © pign269_sain- Addpa g,20dt V@a}ermts.%total
pat hs (saturation and | um nance), the hue correction
consertion Hpioitdfest to Heupplied to thepixelf Witldin thahard ereh npihe regien.
val ue. However, the different operation of the hue

0 weiffef i Iitﬁilﬂqﬂfbdﬂ@@&é ith @b radube tfhedoRiR6for dirch iR 1f'ﬁ'1% pixel
correction path. First, O diff is calculated as the

lieSWaRGdndH glt:t el nﬁﬁ ffaﬁ@cg %%%ﬁ oh 8]91' EFIE[a% &ﬁﬂ*h% %h%%%%gﬂm? hue

centre an

on i s zer t he n cen s used,
anglf iy e Eﬁe%tf"gﬂu'i’ﬁf i5stted 1 2ptnls 380 Vel btoes e
360 16 degrees is taken based on the region border
outgiifiey thacagrertion BlogheP sbumped to +1- Theta ap. This
cl anped value is multiplied by 0 _gain and rightshifted
three bits. This has the effect of noving the pixel's
hue either towards or away fromthe center of the

regi on, dependi ng oghth%&l@&lggmgl_gal n. Adding 0_add
to thls val ue give ection O totoffset
lied to th I X W thin are J
100#25- o R eSppsabiiol vifhe | ﬁlnf“é‘BP‘b%‘fie wlaBErR g riekighiied
reduce the correction strength if the pixel lies
7 bigp forgive KireR*aRgain(i 3% Thigiwlueis snlamtpdcfwn Bde isotataitheunt
is added to the original hue angle 0. Finally, the
amaewntt o€ coreattion imroduces] byatHel gaifl. Tiee satrmitial «ffsdbRaddak deen added

bef ore being
in to give the total saturation correction value, R_totoffset. The correction is then

faded by multiplication with Fade factor, added to the pixel saturation R, and
clamped and rounded to the correct output bit width before being output as Rcorr.

The luminance correction path is identical to the saturation correction path.

U/Y Offset
[0048]  The U and V offset for a region are registered parameters for each region
that give the amount of offset in the U or V direction. This offset is applied after the
polar-to Cartesian conversion. This allows chroma adjustments that mere hue and
saturation adjustments may not be sufficient to handle. For example, for blue shift it is

desirable to have all pixels near grey (i.e. in a low-saturation circle centered on the
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output fromthe correction block as O-corr. Saturation
Correction [0047] First, the input saturation value R
is multiplied with Rgain and rightshifted 7 bits to
give X = R* Rgain/128. This value is subtracted from
Rto isolate the amount of correction introduced by

orighny tesliifi.toWinrds bightsaturition bddd. SévenRhel erbitsary hemargtised pixets
to give the total saturation correction value, R

in tigs RfefonSheithEPBure Pk B6L @B sdtratife AdjudtARRMd cBY achieve this.
mul tiplication wth Fade-factor, added to the pixel

' . ed and rounded to the correct
n%ﬁétf%’?ég%?d\%%@%gger%%@égbei ng output as Rcorr. The
| um nance correction path is identical to the
saturation correction path. UV Ofset [0048] The U
and V offset for a region are registered paraneters
for each regi on that QuevlaptBmabderount of offset in the
Uor Vdirection. This offset is applied after the
[0®®] ar - kFa phad lieSkRRNGRONRERpHINg arthiof tvb FeR1vhs GREPRF,
adjustnents that nere hue and saturation adjustnents
soffpiioR g timitbhd GRBhors APt it FAEPY Bay Glghos
i,.e. i.n.,aJowsatyration circle centered on the 17 .
Blés‘flﬁ’ &eﬂ)‘n ths Sjgﬁ?rfdtsmt GRsetion ﬁ?‘gqlﬁ Ldhepixeliliss oy withigoge region
the arbitrary hue angles of pixels in this region,
thavghyt andy the gpmediion froon theRrimary ComatticnBladk shouihdbe apptiad. The
achieve this. Therefore, a U and V offset is needed.
Seéddatydforizotidn BldcR@QH@]Id bE bpassedab nidisinwhd bdshpdstdle
over |l apping area of two regions, then hue,
! i " . .  ad
P GHih el th | 1410 BB16 Bfck 203, (At Dlvellfh BRI

first rimary rrection ock, then*m

. Secondary .Correction ock. If the pixel |i.es gnly.
sigf BTl 0 @eiﬁ?@wﬁfﬁ "t Ffapse fhe cui gt ifih e ipary
the Primary Correction Block should be applied. The
or Secondary Correction Block. It also calculates the total U and V offset to apply:

either the sum of the U/V offsets from both Correction Blocks, or the Primary
Correction Block U/V oftsets only. To facilitate the ability to fade the U/V correction
in the fade area of the region, the U/V offset is passed into the correction block to be
multiplied by the Fade_factor. The results, Ucotr and Vcorr, are output from the

correction block to be processed and applied to the corrected pixel later. _

U/V_Offset Application and Final Output

[0050]  The final operation before pixels are output involves adding U and V

- offsets. These offsets are register parameters that were faded in the Correction Blocks
and added together in the Overlap Enable block 710. They are now added into the
output U and V channels respectively of the output pixel. The corrected YUV values

are lastly clamped to a range of 0 to 255 to obtain Yfinal, Ufinal, and Vfinal. The last
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Secondary Correction Bl ock should be bypassed to

mai ntai n the best possible precision of the pixel

data. The Overl ap Enabl e bl ock uses the

Overl ap-Detected signal generated fromthe Region

Sel ector to choose the output of either the Primary
stepris Seventhercprréted oslivalueBhot the obiginal mputcalhes) Mtlespitdiavas

total U and V offset to apply: either the sumof the

detdbtéd @b b&ifg fn 41610 bt ReioRKAGhE @dhe%&eaoﬁx‘@v valuek ¥€inal, Ufinal,
Primary rrection Block UV offsets only. To

]t arrection

VARE ard G APk ab by, O R, niy PR fibube

j n the correction block to be mul tiplied by the
Vaif“ﬁé@%‘?ﬂét&““?ﬁ@@esults Ucorr and Vcorr, are output

fromthe correction bl ock to be processed and applied
[085d] t heFigohy illustedesd systerm B08rempliiyed @ frspitmaytthe tabntinm.

and Final CQutput [0050) The final operation before
CoBipt&r Systdr 1900 RWly HVdauple Firchidd §oEm\n vafidtSBE ﬁresent

These offsets are register paraneters that were faded

BI
imfhide S R S5S 13@?2@3’2%‘3%%%? gl By
t Uand V chann I respe ively of the out
13%&%0%&63&5?% 3¢ % tgakon afr@m%mhﬂaﬂa%;@aepa
range of O to 255 to obtain Yfinal, Uinal, and
mow P eralphld 3D agrapliies emepllersl 366, primary Is@ragerdeeicbetﬁmiandl
val ues and the original input values. If the pixel was
135 bed igHalatispde Wit 1370AICHTRESI0 19 ARo CoEHIaN ol dRdr hitke

corrected YWV values Yfinal, Ufinal, Vfinal, are
1npgy§ g t 4&:(/1?:%% th%pl 3 eﬁllﬁcsaéﬂnﬁ'gﬂé; 1348 g%nery@y Bnaldsg 1rrpa%5 d?ttaqu

QNG E R ol

an exanpl e of a graphics systemin Whl ch the pr esent
anglogigmer 8pta caim b gericraieds fermanpleshased i pBEDatm rdcaived from

central processing unit (CPU 1310, random access
CPUENSA 0 yr (BN ckiifal ehe@idr (ol yhoWt)yD fyy ofRhBodid ek, the Akaleg
image data is provided in RGB format and the reference signal includes the Vgync
and Hgync signals well known in the art. However, it should be understood that the
present invention can be implemented with analog image data, digital data and/or
reference signals in other formats. For example, analog image data can include video
signal data also with a corresponding time reference signal.
[0052]  Although only a few embodiments of the present invention have been
described, it should be understood that the present invention may be embodied in
many other specific forms without departing from the spirit or the scope of the present

mvention. The present examples are to be considered as illustrative and not

restrictive, and the invention is not to be limited to the details given herein, but may
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nore peripherals 1330, graphics controller 1360,

pri mary storage devices 1340 and 1350, and digital

di splay unit 1370. CPU 1310 is also coupled to one or

nore i nput/output devices 1390. G aphics controller

1360 generates anal og i mage data and a corresponding
bemegdified withigithmsdope afide pppanded slaimas Aongowith dicirdfll deapelody

unit 1370. The anal og inage data can be generated,
eqhi@hlepsanpl e, based on pi xel data received from CPU

1310 or from an external encoder (not shown). In one

OfSe ol s M Rl
SR S AT e R s B i

be i nplenmented with anal og i mage data, digital data
scapgd dhis inventéone it shasildyalse ke notedthhtthefearenaasy alkpmative ways
exanpl e, anal og i mage data can include video signha
of thaplamentii uith theprécis SRNPPEaRG of HEpréRheneatRas Ignal -
Fg%SZ] %?%hougﬁqgnly a feM/enbod?ﬁgkts of the present
A N OB Rat AR it M ch altertions
I n__many qther ecific for W thout departi from
pepeiiey g egpiveleBiss Glbmihindr g wietand shRmafioRreseRhc
. present exanples are to be considered as illustrative
IMVERPot restrictive, and the invention is not to be
limted to the details given herein, but may 19 be
nodi fied wwthin the scope of the appended clai ns al ong
with their full scope of equivalents. [0053] Wile
this invention has been described in terns of a
preferred enbodinment, there are alterations,
permut ati ons, and equivalents that fall within the
scope of this invention. It should al so be noted that
there are many alternative ways of inplenenting both
the process and apparatus of the present invention. It
is therefore intended that the invention be
interpreted as including all such alterations,
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permut ati ons, and equivalents as fall within the true
spirit and scope of the present invention. 20 Wat is
claimed is: 1. A nmethod for processing a color space
of a pixel, conprising: converting the color space
from Cartesian coordinates to pol ar coordi nates;

Wheitie clainnédiig: whet her the col or space lies within a
user-defi ned 3-di mensi onal region described by a set
of user-defined region paraneters, wherein the col or
space includes hue, saturation and |um nance, the
3- dijnensi [ ' teer .. angl e, . rder
angﬂés angqgﬁm%gg$?ﬁ?ggg%gﬁgﬁgg?&%&ﬁ%ﬁﬁgﬁﬁgﬁﬁg?gghgIe
and either of the border ang|es, and the paraneters
inc |°aaléef%n$1§1é C@L’}F SPagh ol Gatesipniceetdinalgs o polagcoprdinates;
correction factor to the hue based upon the col or
s padistesminpagawhesheri the caldnspacadioserigiin aakerrdefineh3-dirhensfumeal
gain, the hue offset, the hue angle, the center angle

regiondl désoBbAIIBY 4 sut 6f adepdefincdi8gi6R PMaHctend wthla&ixp@llb @blo? BiHes

as corrected by the correction factor from pol ar
indhRRE ALOALRS S h@c% Eﬂin%ﬂé' i % od
lnrecitgd %nz% gﬁﬁ?g, erg@ggt e céﬁ%?r %ﬁkﬁﬁ%#ﬁﬁﬁ%ﬁkr

oqr di nat Is,a hue, saturation and |um nance (Y
anglgy borded dnglés mad e paslrbopuenthtioonier angle ,elghero the

wherein the 3-dinmensional region conprises: a
bonleyingbess prshihe perametsrginelude a fue gain and @ hioisethi r d

di mensi on, wherein the 2-dinensional U,V plane

I nchpgigimga copettivn factor ©chd Dk BLed %ﬁbn&ﬁé caélof pdee'Tob@ion in
that extends outwardly a specified distance fromthe

theCRHRenSBRAIGEEIbR, thé g e Stlgd] |
o fonSidhils %lh Bt B b, WP B e @iled! RE RBGE dnfie
and the aperture angle; and

converting the color space as corrected by the correction factor from polar

coordinates to Cartesian coordinates.

2. A method as recited in claim 1, wherein the color space in polar

coordinates is a hue, saturation and luminance (YUV) color space.

3. A method as recited in claim 2, wherein the 3-dimensional region
comprises:

a 2-dimensional U,V plane; and

a'Y axis in a third dimension, wherein the 2-dimensional U,V plane includes a
color correction region and a fade area that extends outwardly a specified distance
from the color correction region and the specified distance is computed in the U, V

and Y directions.
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and Y directions. 21 4. A nethod as recited in claim
3, further conprising: when the color space lies
within the fade area, then determ ning a fade factor
based on a di stance between the col or space and an
edge of the fade region conputed in the hue,
saturation and | um nance directions, and adjusting the
correction factor wusing the fade factor. 5. A nethod
as Heci t edmicthod lagtdditdd irf Al fuGRARbIMBHEAAS: When the
color space lies wthin the color correctron region,

t he I ' . §.0 Rl [

t o Vg S pHocidR iR B, Bih iR} o} oilor
further. conpri si ng: rovi di ng the pa ters with a
baseth s ditgneeghapFeon b cellon Spp A gt of the Tadg frmigh camputed

) g_gi n and a | um nance offset; and applying the

in therhue ctatusationzant dwmingneehdirestions; and aijusting thehwrieatiombinioe
based upon the saturation gain, the saturation

usiag flsefade fdowr! um nance gain and the | um nance of fset.
7. A nethod as recited in claim6, further conprising:

converting the color space from polar coordinates to
Cartesian UV coordi nates, thereby converting the hue

and_the saturation w fhout. converting the | um nance.

8. A net etgg P%’E?F’(t?é{jmi‘i&l?“@llgi T COMPRIRE conpri si ng:

calcul ating a signed difference between the center

angMden e colps spass lighyiithin the zoler eerpsiction ragions thynedlculating

difference to the aperture angle, thereby obtaining a
theadoareptéoh faetbti@ithout using the fade factor.

6. A method as recited in claim 1, further comprising:

providing the parameters with a saturation gain, a saturation offset, a
luminance gain and a luminance offset; and

applying the correction factor to the saturation and the luminance based upon

the saturation gain, the saturation offset, the luminance gain and the luminance offset.

7. A method as recited in claim 6, further comprising:
converting the color space from polar coordinates to Cartesian UV
coordinates, thereby converting the hue and the saturation without converting the

luminance.

8.. A method as recited in claim I, further comprising:

calculating a signed difference between the center angle and the hue angle;
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mul ti plying the clanped val ue by the hue gain, thereby

obt ai ning a noved hue; and adding the hue offset to

t he noved hue, thereby applying the correction factor

to the hue. 9. A nethod for processing a color space

of a pixel, wherein the color space includes hue,

sat ¢tamiingthgsigned diffesence fo thheperbtrt sagle, dhgrebsoligining a

converting the color space from Cartesian coordi nates
cldnfpedohihie; coor di nates, wherein the pol ar coordi nates

are a three-di nmensional YUV domain in which a W

ol ane i . : . : o
or { PSaBREind Rl ypth AR B TyRRin Bl G, B C
h blue mnus Y, Vis red mnus Y, the hue is a hue angle
Ur®fha U direction that extends in a hue direction in
the WV plane, the saturation is a nmagnitude of a
pol addipgthedruefofsen ta thovmovdddiue, thersby eppilping $he gormction factor
saturation direction in the U/ plane, and the
to theiusance extends in a | um nance direction in the Y
di rection; obtaining a user-defined three-dinensiona
region in the YUV donmain, wherein the
t hree- di nensi onal region includes a center angle,

bor der angl e an erture angl e bet n th

conber  atbMEgAdOPPRERRg R CPIoG IBR AL Diieh Pderei e color

obt ai nj ng user-defined paranmeters that are unique for
SPach enthﬂe&gu@ ispRerasion aad luminggicerthe wiethod] comphising:

user -def i ned paraneters include a hue gain and a hue

of f s@tvertingehecdlongpavhbdmalarfekion cadrdihaep &RCFolhd @Srdhdtey, N

the three-di nmensional region; applying a correction

whERE! BE pbRr ERRIRN® hreSRARE-BRSREAN YRV @(?iﬁ%ih?ﬁ‘wﬂfchtmv

color space wthin the three-dinmensional region in

e .det.ect i at .t he .col space Ji.es . .
ol FRRRETs LS e o G lboshRal By (ifgetion, v i
correction factor includes a hue 23 correction factor
thedprgimance, Hijs plusgnings ¥h Y 15ird misye ¥, the hueds ahiee gwinfromisd)
hue offset, the
direction that extends in a hue direction in the UV plane, the saturation is a magnitude

of a polar vector from a UV origin that extends in a saturation direction in the UV
plane, and the luminance extends in a luminance direction in the Y direction;
obtaining a user-defined three-dimensional region in the YUV domain,
wherein the three-dimensional region includes a center angle, border angles and an
aperture angle between the center angle and either of the border angles;
obtaining user-defined parameters that are unique for the three-dimensional
region, Wherein the user-defined parameters include a hue gain and a hue offset;
detecting whether the color space lies within the three-dimensional region;
applying a correction factor to the color space based on a location of the color
space within the three-dimensional region in response to detecting that the color space

lies within the three-dimensional region, wherein the correction factor includes a hue
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hue angl e, the center angle and the aperture angl e;
and converting the corrected col or space from pol ar
coordinates to Cartesian coordi nates. 10. A nethod as
recited in claim9, wherein the Cartesian coordi nates
are a three-di nensional R@G donmain. 11. A nethod as
corrgctianefdctonthet igiappldsd todtler leierbasddoorcthe hee gain thé hud ofifset, ghe
based on the hue, saturation and |um nance. 12. A

huRhflettha Sert@GngRind ThdattiReIngh@i®@i N the correction
factor adjusts the hue, saturation and | um nance. 13.

é\o T reR R Bkt lataftholn Rl rgsrion g

nance; and the correction factor adjusts the hue,
cog iM%t i on and | uminance. 14. A nethod as recited in
claim9, wherein: the user-defined paraneters include
a saturation gain, a saturation offset, a |um nance
gain and a |um nance offset; and the correction factor

i ncligdes sAameaiod g tde@ed BQdI4iR0Y, iviHrdiR eHeQCartebidh cbSrdinates are a
applied to the saturation based on the saturation

m&éuﬁn&ggngmgg%ﬂ{aﬁ{i on of f set an_d i ncl u_des a

'um nance correction factor that is applied to the

| um nance based on the |um nance gain and the

| um nance offset. 24 15. A nethod as recited in claim

9, wherein the hue correction factor is applied to

t he lhue Bymethbé a$ reitedyinglaiingh edhetiin thercerredidndboteris basee

center angle and the hue angle. 16. A nethod as
ontiechdecshturatied aidudknanedler ei n t he hue correction factor

i's
12. A method as recited in claim 9, wherein the correction factor adjusts

the hue, saturation and luminance.

13. A method as recited in claim 9, wherein:
the correction factor is based on the hue, saturation and luminance; and

the correction factor adjusts the hue, saturation and luminance.

14. A method as recited in claim 9, wherein:

the user-defined parameters include a saturation gain, a saturation offset, a
luminance gain and a luminance offset; and

the correction factor includes a saturation correction factor that is applied to
the saturation based on the saturation gain and the saturation offset and includes a
luminance correction factor that is applied to the luminance based on the luminance

gain and the luminance offset.
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applied to the hue by clanping the signed difference
to the aperture angle, thereby obtaining a clanped
value. 17. A method as recited in claim 16, wherein
the hue correction factor is applied to the hue by
mul tiplying the clanped val ue by the hue gain and
rightshifting the nmultipled result, thereby obtaining
a noved hue that is noved towards or away fromthe
centisr amgmethde peritedinlaid % wdidredi tHelhie RbRedidh TactdSs
A nethod as recited in claim117, wherein the hue

r‘ . N
ARG IR thRakclathg o SR ARk RGP i B Bl e
h in qlain19, wherein the correction factor acts in the
UEE®-sat urati on and | umi nance directions and not in
the Uand V directions. 20. A nethod as recited in
claim9, wherein the correction factor provides
snoot h fading of the color space without affecting
hue$6.0t harméthad ad Reeisel iaREGMI1ISeFhERin th BuslS&toctid® fatlor i
method as recited in claim9, wherein the

o S5 UTRDS B 09505 WIELUEER, - BpC A ety o

ade region; t
t he orrection factor is applied fully if the

regi on
obt a%IﬁIEB‘édYaﬁ]é% within the hard region, and the

correction factor declines between an inner edge of
the fade region adjacent to the hard region and an
outer edge of the fade region adjacent to the border
angl®s i A rhétkod axaiecitedip ataém l16eehsteinthe hiidéorfeatién factor is
region. 22. A nethod as recited in claim9, including:

apphiell 3 theMge b hﬁﬂtiﬁ?ﬂgm%é&%ﬁ Ut!\h/Q & e ai1|:1 ﬁmd rightshifting

t hree-di nensi onal "régions 1n the erein

the..fi kst eer dinensi onal r.eqi I.S_t he
theiptel Forulr Ry B RovieRle i S5 s or awy
correction factor with the first three-di nensiona
frminébq; ernterqggle depending on a sign of the hue gain.

18. A method as recited in c¢laim 17, wherein the hue correction factor is

applied to the hue by adding the hue offset to the moved hue.

19. A method as recited in claim 9, wherein the correction factor acts in

the hue, saturation and luminance directions and not in the U and V directions.
20. A method as recited in claim 9, wherein the correction factor provides

smooth fading of the color space without affecting hues other than those specified by

the user.
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second correction factor with the second

t hr ee-di nensi onal region, wherein the first

correction factor is the correction factor; assigning

a first priority to the first three-di nensional region

and a second priority to the second three-di nensiona

regiZdn; demethodngrested eraitrh® wiwrein thephoe-ditessionial fegion

the three-di nensi onal regions; applying the first
indeddsatatDregfoaGh@h fide rE%lSn,Ctﬁé RirdSBEA6R id Withif $ROMIErdefon, the

detecting that the color space l1es within the

P . I . £ fop i
cofrPE R A ER SRR el P R bl e W AR aR i B the

second. corre tiqg factor to éhe C Ig& space(ﬁn
CORELOBadoR GreliprsebYSeRGDiMeF c¥SfeoldBy Brle sypaneadijasat to the

within the three-dinensional regions and the second
hayskriegionapd g obtieredge of Herfaddregionradjacptito fietbprdep ngl8s if the

method as recited in claim9, including applying U and
coMr epdcs Bikswithin thbifade edgidn. Space after converting the

col or space from pol ar coordi nates to Cartesian

coordi nates. 24. A nethod for processing a col or space

of a pixel, wherein the color space includes hue,

satyratign and. | um nance. .t he.net hod conpri sing:

pr oé?di né PR2od a3 @F‘“?;‘&@?“?]R)’E%ﬁ‘f(g’%g:an coordinates in

a three-dinensional RGB domain. converting the color

s paebtainirgichindserend usedefingd three-dimensionnl regionslinthe ¥3JV

wherein the polar coordi nates are a three-di nmensi ona
donfhid, dheminthe firspliredidigncdlon4llragion isxht tites dincdsidhslessiben

and a V direction and is orthogonal to a Y direction,

Y i Sesobifng P ERER o 'cﬁar%ﬂﬁhg"ﬁ@iﬂg}’e-di{nén%ioh el 4fid
Y, t a

he hue is a hue angle from Irection tha
secglgé gc?rg?scltllgﬂ fe?cgor}g?\%ﬁgta% gﬁ%ctﬁb@ erlag-dltnt]eens}c{\l{alpljegigg,’ Wltlerllgin the first

correction factor is the correction factor;

assigning a first priority to the first three-dimensional region and a second
priority to the second three-dimensional region;

detecting whether the color space lies within the three-dimensional regions;

applying the first correction factor to the color space in response to detecting
that the color space lies within thf: three-dimensional regions and the first priority is
| | higher than the second priority; and

applying the second correction factor to the color space in response to
detecting that the color space lies within the three-dimensional regions and the second

priority is higher than the first priority.
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of a polar vector froma UV origin that extends in a
saturation direction in the U/ plane, and the
| um nance extends in a |lum nance direction in the Y
direction; obtaining a user-defined three-di nensi ona
region in the YUV domain, wherein the
t hr @8- di Hemsthodas recidel mrclainc?, undeding eppiyieg Usargl € offsets to
border angles and an aperture angle between the
thee@bpadd ilee c@iVertRistthe£o16f spabefrHandes canelmtes to Cartesian
obt ai ni ng user-defined paraneters that are uni que for
cobidatddr ee- di nensi onal  region, wherein the
user-defined paraneters include a hue gain, a hue
offset, a saturation gain, a saturation offset, a
| um nance gain and a | um nance offset; obtaining a
user -defined three-di nensional region in the YU
domditn; Aletetedifogprepessingra colve spasieof a ppat ovlicras thwi cobim
the three-di nensional region; applying a correction

spdcaGiicdiides Gué, REEAbA hnd RdGRakRSHE nWhdl dodgakingn of the
color space within the three-dinensional region in

res E%%@le defoe gﬁddcggn &Q[%Si%ﬂn;%o as iﬁ%%l%e-d%%%ljlesiio%%l RGB

Wi t t hree-'di nensional region, wherern
correction factor includes a hue correction factor
dompi® i's applied to the hue based on the hue gain, the
hue of fset, the hue angle, the center angle and the
apeFenyiedingihg eolorspaes fiomtGagissisn coardinaten tef prdatoroordindtes, s
applied to the saturation based on the saturation gain

whareth the @okatdavrdinbtenarefafthet-dimatkichal YUV OGRER i€ WhichG YN
factor that is applied to the | um nance based on the

plah AR LU Rk Ao il atVQliﬂeHﬁ%ﬂ;ﬁﬁﬁg oﬁé(g%%ﬁh’ to@" dfrB&ion, Y is

correction factor acts 1nt uration an
lLum nance, difect.io nd not.in e .U and, V
the PIRERS oS bl aRioBh T OF i v Yot 67 Bt wiele e U
. from pol ar coordinates in the YUV domain to Cartesian
direchign diah sxteadsiip ahye diegtiondnthel)V planeAhersathution ds ¢ mepuitule
in claim?24, wherein the hue correction factor is
of apglh edtor frotrheUNueidity thatibxaerdstin agataratiog dizectibinfih etiecove
- between the center angle and the
plane, and the luminance extends in a luminance direction in the Y direction;
obtaining a user-defined three-dimensional region in the YUV domain,
wherein the three-dimensional region includes a center angle, border angles and an
| aperture angle between the center angle and either of the border angles;
obtaining user-defined parameters that are unique for the three-dimensional
region, wherein the user-defined parameters include a hue gain, a hue offset, a
saturation gain, a saturation offset, a luminance gain and a luminance offset;
obtaining a user-defined three-dimensional region in the YUV domain;
detecting whether the color space lies within the three-dimensional region;

applying a correction factor to the color space based on a location of the color

space within the three-dimensional region in response to detecting that the color space
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hue angle. 26. A nethod as recited in claim?25,
wherein the hue correction factor is applied to the
hue by clanping the signed difference to the aperture
angl e, thereby obtaining a clanped value. 27. A
method as recited in claim26, wherein the hue

lieg withimghé tmeef-diotensional regipp Whetkin thetdoerettinm fagtor includes a hue
mul ti plying the clanped val ue by the hue gain and

cofrédiioh FuitdrithdiGs agplied WoHHehRk BSkel @5 Whd hud HBT, TRV BN iR
a noved hue that is noved towards or away fromthe

g SLESRALE PSR BRE YR, bl s o
ST ECAE I RERG TR

recited in claim24, wherein the three-dinensional
lumiggricsporrpeivnfader thathiarppliedde the lamihaacé bated pe hednminanec
hard region is wthin the fade region, the correction

gaiha6d e lumirdBRd Bk, faull kbe dokrebtidh ReloPhcts RAGE hlé, RBtutioRiafd
‘the hard region, and the correction factor decl i nes

torifki @hedlbok B oSG Blant Vo Bfiens 540 00 adi acent Lo

he hard region and an outer € t he fade region

adj acent. to, the border angles if .the ol or, spa lies
W tﬁ‘?’i’{e’ftwg%f‘eaﬁ’érerc@&i% r SRS BRnhRAl ORIyt Etin B YUY
claim24, including: obtaining first and second

domaigto GartesiradooptiinatesinteeB GBrdomaimgi ons in the YUV
domai n, wherein the first three-di nensional region is
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26. A method as recited in claim 25, wherein the hue correction factor is
applied to the hue by clamping the signed difference to the aperture angle, thereby

obtaining a clamped value.

27. A method as recited in claim 26, wherein the hue correction factor is
applied to the hue by multiplying the clamped value by the hue gain and rightshifting
the multipled result, thereby obtaining a moved hue that is moved towards or away

from the center angle depending on a sign of the hue gain.

28. A method as recited in claim 27, wherein the hue correction factor is

applied to the hue by adding the hue offset to the moved hue.
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30. A method as recited in claim 24, including:

obtaining first and second user-defined three-dimensional regions in the YUV
domain, wherein the first three-dimensional region is the three-dimensional region;

associating a first correction factor with the first three-dimensional region and
second correction factor with the second three-dimensional region, wherein the first
correction factor is the correction factor;

assigning a first priority to the first three-dimensional region and a second
priority to the second three-dimensional region;

detecting whether the color space lies within the three-dimensional regions;

applying the first cdrrection factor to the color space in response to detecting
that the color space lies within the three-dimensional regions and the first priority is
higher than the second priority; and

applying the second correction factor to tﬁe color space in response to
detecting that the color space lies within the three-dimensional regions and the second

priority is higher than the first priority. -
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ABSTRACT
DETECTION, CORRECTION FADING AND PROCESSING IN HUE,
SATURATION AND LUMINANCE DIRECTIONS
[0054] A method, system and apparatus for color management that directly acts
upon the hue, saturation, and luminance value of a pixel instead of its U and V value.
Additionally, instead of dividing the color space into uniform areas, the color space is
divided into multiple user-defined regions. The detection of a pixel is based on its
hue, saturation, and luminance value, so a single set of values can define the

correction for an entire hue.

Fig. 9
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