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I nvention [0001] The invention describes |ocal control
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primary coI ors, in a three-dinensional space. Each

point in that space depicts a particular hue; sone

col or nodel s al so incorporhaltte bri ght ness and

saturation. One such nodel Y??%Ie tred to as the RGB

(Red, Green, Blue) color ﬂk%'ﬂﬁon

representation of the pri BeteRPWalER col or nodel is

shown in the Fig. 1. Since the RG color nodel is

BAIIEGROWNDt hr ee di nensi onal space based upon on a

cube 100 with Cartesian coordinates (R G B), each

di mension of the cube 100 represents a primary col or.

ﬁefﬁ!)ﬁﬁlﬂ'nwnam point within the cube 100 represented
a tripre ,0,b) represents apartlcular hue where

nat e ontributions of
@Qgﬁ prlﬂ’& @%pépeg%laczpﬁgn PRI ]go& or. For sake of
sinplicity onI y, it is assunmed that all color val ues
are nornmalized so that the cube 100 is a unit cube

such that all values of R G and B are in the range of

Désciiption 00R4htedArt | | ustrated, the first coordinate (r)

represents the anount of red present
[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 ilue where the coordinates (r,g,b)
show the contributions of each primary color toward the given color. For sake of
sjmplicity 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 illustrated, the first coordinate (r) represents the amount of red present

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




in the hue; the second coordinate (g) represents
green; and the third (b) coordinate refers to the
anount of blue. Since each coordi nate nust have a

véfetscto et st 6f Bloel Sihcé edchaopfiimite inasttiaven valie betwien 0 and
t he cube, pure red has the coordinate (1, 0, 0); pure

rf@?? pbx,?it Jo EHnedii vithid ﬁxg 1: 3)u:e éﬁ%a?ﬂfe%o@xldﬂ%té @, 8L o) Pure

IS may, IS at ocatlon

ce ,oran t n and
%fegnﬁ%'ea%tﬁ%ﬁt@ E ol R te i ftt?& (@'35" RS el heniow
noted that the diagonal D, marked as dashed ine
beatiesstion e 1c6), andsipreerengais betwagy r%drmld\m lpw, its location on this
1), provides the various shades of gray [0005] In
dilgd s dl, 6,y851 #rshould pembedahatabe diapmabDi mgri@dias & dashiedrline
(for a total of 24- bit RG@ color), the RGE nodel has

B&%ve@ﬁ‘ﬂﬁkdoldrﬁ ¥labk (U BPHEHRAAIRY 12P.83, providePihe vafib@ shades of

sixteen mllion colors representing the nunmber of
E ints within and on the cube 100. However, when
hg the RGB color space to represent a di gi t al

, each pixel has assgciated w.th_i¢t

W8 bnern dig TESEERRP %Hgawmﬂwat"@ &, CGQaﬁgf%fBﬁafé{ of 24-
i mage planes. In order therefore, to manage co3l or in
bin RiGEgeon) cthe 8hmedeli has tltdmtpmﬁtymﬂraneszpang 287, or more, than
renmovi ng, for exanple, excess yellow due to tungsten

§ikicamRiilioR AOREs e feyéﬂtiﬁgtth@ﬂamﬁéﬂof bbin€ewithih@hd on the cube 100.
conmponents in col or space are nodified since each

ﬁﬂw%v &rﬂénel\f%lg@g R AOGP SpHCE t&fesé‘g?r{t %ltﬁél image, eacih eplxel

erefore €nbVvI Ng "excess or € anp

it is difficult to avoid affectin therela 0
knsragRastrted Wit Hithig? Golob FOPRONCBISIERER LIRS PRC © Cgi% ¢ty and
i mge. The net result being that inportant color

Pluepmagd plandsn In beler, taagefors b managerdodariin e fraage represented in
typically do not appear natural when viewed on an RGB

tHE RGP tolof §R66by temdving, €6 dxangld, bedess ydilaiv diveto Risten
col or space may not be best for enhancing
filament based illumination, all three color components in RGB color space are
modified s;ince 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

enhancing 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




digital inmages and an alternative col or space, such as
a hue-based col or space, nay be better suited for
addressing this technical problem Therefore,

Eﬂ&eﬁe Raleel Sachecolbrgiph@b inciRigahdye, bab&al upon hue
exanple co correction, the digital inmage is

gﬁrﬂ%ﬁﬁ@gggéfozw@g TR 4501 8 RS PP e 15 Sy or e
B vrene G RGP et € 2a° 6 BFe G F@'a?gv%s% BRulF R o
descri bes a pure color (pure éz el l ow, orange, or red).

v

the digitel imagerage dereoupt! framguch Betorrasdightnessiandywbwation.

col or space, the color aspects of the digital inmage

§0007p e- nitsuekl cdlopiodeldh rdfaeddoto YA cblog bpares TharydJV color
saturation. [00071 One such color nodel is referred to

iﬂagé/d%}leg b cﬁl%?gﬁace Ih ?er&{Wf (o %ln&e@m Qﬁfm%e&uan&%&r

ce In terns of one |um nance (Y)

h wh

S G e S@%ﬁ%ﬂvﬁaﬁgso@%%%nﬁ%%néﬂﬁiﬁs@ and
t he chrom nance, (col or])§ corrponents t hat ar %\/éreat ed,
VianthVagre e rominangapolos) sospongs thagarg sreated om &8 opiginal

R, G and B are added together to produce a single Y
BGBrsalicer Bpresiemed ngluthef RV@nad B doe adiet negesher do produce a
| um nance, of that spot. The U signal is then created

Pglé N’bﬁ%@l: tré?’t@sehﬂﬁ thef gverailt iihiesss of iveitiaincef oft thet spot. The U

or| gi na then scaling; and V by subtract | ng
{
$alfy s DERRA O Sfbur Bty B33 B Rnl offh LEE ARG,
circuitr 0 ctiv
g heaserliis B Vel #?ga?tmgég rn ik then sealing by a
ace into the LTV plane 200. In the LJV space, color
qm§¢rcet|cfta¢ton This canfbgracedraplisbed easilp withi anelog ciguitiys t he

perceived color and is neasured as an angle fromthe
[peo8]t | VElg Yskowssa progdctive tdpadtentatidhef thotined dintasivpnall YEV

pi xel is the magni tude of the polar
color space into the UV plane 200. In the UV 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 magnitﬁde R (Rho) of the distance from.the origin
(00), whereas Luminance is represented by the magnitude Y of the distance
“perpendicular 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




vector fromthe LTV origin, which is defined as the
poi nt of zero saturation (the grey point) at U=V=0,
where U and V range from+/-112.5. . Onthe LJV pl ane

ciftol pdixs; Wih ERINRSESRh @IV bifset éaaéiﬂldr!i AThedd 6ffesn 9aiubs are
(Theta) fromthe +U line (at O degrees). Saturation

g ARLEBRNLSE e BApRO oV BBt ek L e
rese ni tude Y t he, di st an

(b cnalifiramticly, Frdo et dhaU Y ashicis P BHaRe g squares,

managenent systens provide |ocal control of color_in

interpolativus degvaitimt bie it pirdileldo hhe ot satysptioreinaogst preag This

multiple squares with two |evels of coarseness. The

caBdek ivisgifle aftifidiesifcstit a6l afids hleeparss. eSudsarfifactrinclode
points; with each vertex a UV offset is specified.

Jaeseqshts &hagﬂlr@@uﬁgges difteShP QL8R ‘gﬁﬁu@tgﬁgﬁg&lgh to

orntsto sets for the en

0009 Unf.ort upat el ver he UV
et e fairelre et SEh Sh pdbnts tanes pRBaS|d dhpnees
are not parallel to hue or saturation in nost_areas.
tqhes negrihe deshy tone JF thedpiepdesdiadinsiment ©cewrs op @moingsugpynded by
are coarse. -Such artifacts include undesired hues at
finb @rids than heeasdastilesdjastmeat dahdededdenHbivevayrwits the eolewtp be
fine enough to prevent these effects. For exanple,

Ejlu%ﬁ' id w?&ere&ib*r shared fﬁél%??ls UhReesithien alceasd gﬂ@ @Sadjiisted,

ues near the Tlesh tone t he i ntended adj ust nent

n}ogélgrr 2 oro S 1n e gﬁsscfj{or &%ﬂ%@l%ﬁ%ﬁ e'dg% eﬁl—r:dt.gé JE%GI ﬁthe

can wever

col or to be usted is ordered gzyugg‘ arse nd lfrne
cogrpegrid s mehme; t  SIBC weds feps; Fﬁ%?fs e color

nodi fyi ng col ors not intended for nanlpulatlon or
adjdgrmentsfoecursindemUqelane ikspentiveodnménagee (Y) velygef the input,
nodi fied, since no fading is done. Furthernore, the

afkDb ot ekt TRRlan@Svahic fselfl This /et depieabilé ineopROdabase for
of Ium nance (Y) val ue of the input,
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.




and cannot affect the |lum nance value itself. This is
not desirable in sone cases: for exanple, flesh tone
may be best nodified in the mddle | um nance band,

W th reduced ef SEMMARY ODTHRINVENTI@N e ranges,
while the red axis control may be best nodified in
the I ow | um nance range. [0010] Therefore, what is
desired is a met hod that acts di rectly upon hue,

A"t b i onts ity R APl
Br oadl y speaki n the i nvention describes a netho

thatdizaetly astd uaglpawdw@ssatwrﬂmn and bemipgneg vakye @ﬁ@ﬁl’i@h @Stead of
hue, saturation, and | um nance val ue of a pixel

itnBtapd V odlue. iAdiiitlibraﬂyl, ikstyal afedividihgithe colat dppce ints e fom

of dividing the color space into uniform areas, one

glesc 6h@&éicﬁnéapéihmheﬂﬁ@§s Uil PhsBr-HSMed & 16 dn this way,

reglons Ig th |sdmay, S|nre detection and correction
Rl P B cbinteL ot oF o8 S o
Golor e o e Fsapes orbiogCBil PEclisdie Bporie g i on

ot her than those he chooses to affect will be
andaogrection@agiod ésdafinod dxplidithy itheenser ddsuredieo celbis|dthey than
define a pixel's adjustnent based on its input

tho¥¥I HRAREEseY &) affed: RviR 86l chdr@Bd. t@ne ddsérilsed epibodiiferR bods Hes
the ability to nodify the pixel's lumnance. The

f H { j 1

AT e BiniRel B RS ot TuiinpS Ut B dfion o
.def | he correc n for ent.re

el on Bvid i Sufip SR Pt oiGence Dediiecfign ofa
which nultiple correction values were needed to affect

pixed isbpised s hue, satvratigh) anddiminenrevalva|saasingtset e€ values can
fading occurs in the hue, saturation, and | um nance

. define the correction for an entire hue. This simplifies the program compared to other

systems in which multiple correction values were needed to affect a single hue across
| all saturation values. Correction fading occurs in the hue, séturation, and luminance
directions instead of the U and V directions as with other systems such thét smooth
fading can be used without affecting hues other than those specified.

[06012]  Asamethod, the invention is performed by converting the pixel’s color
space from Cartesian coordinatés 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.




directions instead of the Uand V directions as with

ot her systens such that snoboth fading can be used

wi t hout affecting hues other than those specified.

[@A3P1 /Sther aspedioand adventagesed thednvéngiopeyifl deensuke fpyparent from
converting the pixel's color space from Cartesian

e FHHAARL Astalled @é&h tidHoRkéH ifabafanctitel WithtHei A gontbiyiier
t he pixe lies MA in a 3 -dinmensional region

t
SRRl O MBS ty Qe AP ROR FB Bl oF BN o
t he 3-di nensi onal reglon and converting the pixel's
pol ar coordi nates to Cartesian coordinates. 5 [0013]
O her aspects and advantages of the invention wll
beconme apparent from the follow ng detail ed
description taken in conjunction wth the acconpanyi ng
drawi ngs which illustrate, by way of exanple, the
principles of the invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0014] Fig. 1 shows a representation of the
RGB col or space. [00151 Fig. 2 shows a representation
of the YUV col or space. [00161 Fig. 3 illustrates a
conventional NTSC standard TV picture [0017] Fig. 4
shows a bl ock diagramof a real-tinme processor system
in accordance with an enbodi nent of the invention is
shown. [0018] Fig. 5 shows a representative pixel data
word in accordance with the invention is shown
suitable for an RGB based 24 bit (or true color)
system [0019] FIG 6 shows a scan |line data word in
accordance with an enbodi nent of the invention.
[0020] Fig. 7 shows a particul ar enbodi nent of the
di gital -signal processing




engi ne configured as a processor to provide the

requi site hue based detection and processing in

accordance with the invention. [0021] FIG 8 shows a

conversion from Cartesian to pol ar co-ordi nates.

[00221 Fig. 9 shows a representative region in

accordance w -{gm.ﬁ RAWEREISON.

[ 0023] Fi g.vﬁ%k%ﬁ?m%@ﬁ&a e P#V\ATtHEf]?epr eseg;’tsgtive

regi on values in accordance wth an enbodi nent of the

invention. [0024] Fig. 11 shows a flowchart descri bing

a process for detecting a region in which a

0814]i cuFiz: 1phews am:ses@etgtwmog@@mﬁ@ler fach an

enbodi nent of the invention. [0025] Fig. 12 shows a

[obos)c haFig, dehaivk b igpréseptatioe 8Btht GFU¢ ablomkpeceng r egi on

di stance 1 n accordance with an enbodi nent of the

i nt i 7 ] A3 m
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| MENT [ 0027 ef erence will,now be made | tail
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exanple of which is illustrated in the acconpanying

ageerdpnng svith/gr ¢rabodiment of Wesminvetion is Fhayd descri bed i n

conjunction with the particular enbodinent, it wll

[pe18]nderRt 6 @Howhateprdsentativiopixelrdaenetend ih@ctdrdarice thth the

invention to the described enbodi nent. To the

iﬁ‘%gﬁi?ﬁ‘ Esholvh siftabl8 FGHGEG B Based A bifdok &b 8blo¥)aFstem.
modi

I cations, and equivalents as may be included

L L hin irit and.scope of.1the | j .
B PG SRy = SRERE G pPit i Bed PR grlefient of
system and apparatus that directly acts upon the
thedsvertmur at i on, and | uni nance val ue of a pi xel

i nstead of . _
[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 co-ordinates.

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

the invention.

[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] Fig. 12 shows a flowchart detailing a process for calculating region

distance in accordance with an embodiment of the invention.




its Uand V value only. Additionally, instead of
dividing the col or space into uniform areas, one
descri bed enbodi nent uses multiple user-defined
[G026PNS . FIG) 18 MihitraRY a sysid eRiplste & ingilerdéif tkOmb&fionon
regions are defined explicith, it 1s assured no
colors other than those chosen to be affected will be
changed. One descri bed enbodi nent adds the ability to
define a pixel's adjustnent based on its input

| um nance value in addition to its color and
therefore provides the ability to nodify the pixel's
| um nance. Since the detection of a pixel is based on
its hue, saturation, and |um nance value, a single
set of values can define the correction for an entire
hue. This approach is great inprovenent over systens
in which nultiple correction values were needed to
affect a single hue across all saturation val ues.

Furt hernore, snooth fading can be used w thout

af fecting hues other than those specified since
correction fading occurs in the hue, saturation, and
| um nance directions instead of the U and V
directions provided with other systens. [0029] The
invention will now be described in terns of a system
based upon a video source and a display such as a
conputer nonitor, television (either anal og or
digital), etc. In the case of a television display,
Fig. 3 illustrates a conventional NTSC standard TV
picture 301. The TV picture 301 is fornmed of an active
picture 310 that is the area of the TV picture 301
that carries picture information. Qutside of the
active picture area 310 is a blanking region 311
suitable for line and field blanking. The active

pi cture area 310 uses franes 312, pixels 314 and scan
lines 316 to formthe actual TV imge. The frame 312
represents a still image produced fromany of a
variety of sources such as an anal og vi deo canera, an
anal og television, as well as




di gital sources such as a conputer nonitor, digital
television (DTV), etc. In systens where interlaced
scan is used, each frame 312 represents a field of

i nformati on. Frane 312 may al so represent other
breakdowns of a still image dependi ng upon the type

ZLCECSFQLFQ. Eelepr€§§ﬁ¥ (O %J%r. g‘ﬂ?’)@*@ﬁ@' rerm

| ynd-nan | so referred to as _lu Y")
WHiE7E o1 JRetergp bR biraade in i bieestoutis fEaboiment of the
human vi sual system has much | ess acuity for spati al
invienten ynexaptpleof which ksaillusteatecoinithyhacvempanying dmwings. While
advant ageous to convey the brightness conponent, or

theriavenition &R be dasvfibed infdvajERtion with ey patiédat dnitdiditien, it will
had | uma renpbved in the two other channels. In a

gt %d@to&%ﬁﬁﬁﬁm St bh éﬁdea e utn‘ﬁqh@ fﬂg %té&{;@qgeg%i%yﬁ% have

consi der I ower ata ra e (or

G %ﬂ% Pt dE B ies, ts?:%@ﬁ%%ﬁg\tfe?@f@ﬁ&ﬁatwns, and

conprises green information), i s sensible, and

S vARNERSINY bowmchdedhwithinghe, @plataarrde@gmgf the énvieatien.t he
two col or channels on blue and red. In the digital

[9028]i n, Bréeekesgeakingahe invehiionédseribalaaméthéd;Isyéin shdagpparatus
chroma blue, Cb and chroma red Cr. [0031] In conposite

thatdBRctly 41 BN Ee AL sGRFRISh nﬁmﬁnﬁ"ﬂ ?5 041Re Ble&ipﬁgloiﬁ&ead of

with the ti'mng reference ' sync’ ormatlon USI

i81Eaf) Vbl QA ARTE S ?dawﬁ%'}ge a1 S oto uniform

resolving 10 pomer t han color resol vi ng power, the

HEFSmessEerpRd smbodimeahpees muliple aseroiediaed ragions. In this way,
reduced to far below that of the | um nance. 100321

st detecting andwotrectitingegiéns arehlefinéd ehpdigithyyritdd assured no colors
real -ti me processor system

other thar those chosen to be affected will be changed. One described embodiment

adds the ability to define a pixel’s adjustment based on its input iuminance value in
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 great improvement over systems in which multiple correction values
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 o.ccurs 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




400 in accordance with an enbodi rent of the invention
is shown. Real -tinme processor system 400 i ncl udes an
i mage source 402 arranged to provide any nunber of

\digled), P i thelcgfadfa tfel‘éfns%?ﬁsgﬁﬂ Pig. BTﬁ'lfs‘ﬁ%te‘é 'aQ:S entlonal NTSC

S|gnals can have any nunbe type o

a
par gﬁjel gl g.?gﬁl'%ﬁﬁﬁegﬁé&r@ ﬁﬁ?ﬁ?cttl\}’?ag’gfre%%mat
ca hgyanal row ded the image source 402
1P ira ST el S5 maagb U s Bigiere teAmaG op. Puisiderafitee
an anal og television, still canera, anal og VCR DVD
Betisgeicturecatesct ks A blanking rdgish 3p] syitable foWlineimet field dlanking,

box (with satellite DSS or cable signal) and the

Th ectiveiptctineage Houfseefrdds TN pKeES 14'aﬁ& |sét91ﬂuﬁs digid Rkm the
i mge source 406 such as for exarrpl e adigit

T T i o A 0
SO B B Bt S o

‘%‘ §§r| aced scan), SMPTE 296M 1997 (1280 x 720
1g ISB%CWW}‘EF é@9@95@‘/@096%ﬁlgltalstelwlslone@ﬁf)aﬁdaildsystems

480 progressive scan video. 100331 In the case where
where imtertpeed scandeustdeqeh drintbeX 2atprasuatsnofitldRg fSingtiidh,
an anal og-to-digital converter (A/D) 408 is connected

Fromé BE2 81331200 répfreaat SR Grealdddns of B still ﬁn?{esdéhé&ﬁﬁ’% upon the

enbodi rrent the A/ D converter 408 conver
t signal into a discrete series of
%&lgﬁg O%E%Hnunbers (signal) formng in the
Ss, a ropriate digital inage data word
lg‘iﬁ%ﬁ abl @tﬂﬁa bEOPaP ﬁ@f&idé&f‘é.l&@presm%ma baglsnessnel v,
Fig. 5 shows a representative pixel data word 500 in

lyninencgnoowonenti{alst ecfemadetotas duma,$ Y andicalos, bathremfigincen
RGB based 24 bit (or true color) system It should be

copetentsh Shgucahe himad vishdlhosah PR 1R 88 yS%s R84 Wiriation
used to describe the pixel word 500 the followng
ofllciGHBa R bhiBhABR, it%agcl\%n{ageo%@fo &6 xlvey the brightness component, or
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 coior.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 signai comprises green
information), it 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 chrominance 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 Juminance resolving

10




11 space, such as YUV. Accordingly, in the RG col or
space, the pixel data word 500 is forned of 3

sub-pi xel s, a Red (R) sub-pixel 502, a Geen (G
potvepihze bolbDresolaing paweBltheec @) sharpinei (haddviidih) ebxboded signal
sub-pi xel being n bits long for a total of 3n bits. In

idYeGuceaY far Bl SHlofRh&Rimihénceapabl e of generating 2"
.e., 256) voltage levels (sonetines referred to as
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i wh r S hj [ For. j
T R AL P
g .be used to represent 256 #eyels_oﬂ the cal or . bl ue
@5] ipAcgoTdgneenith aneapedimaphoidhe owentigngs shpvay Realime
whi ch nodul ates the anount of |ight passing through
piocessessysieat 400 intludesrsinagh evgasdtharaBgedity- po¥vide amOAumber
can be wused to represent 256 |levels of color. For the

HEVIBEDINDOt HinSld/Hs bfitessihgS MhetdWideo sipRATB O Hive by Mirhber and
be used that denotes both the col or space bei ng used

i . of: biit . .
- BCof EnERLAR Lo, hugn s NG ERBRBIE Sinaftighy} Pk digia,
cri bed as 88, meani ng that .the color, e.is
REES b crrouier ealsigedy Tieaion] @ beSape p i tfeimags gource
A&OO_351 Accordingly, the A/ID converter 408 uses what is
(rigeludes, aunlog inage spurce 46k suchags dfer axamplen fie anglegglevisions still
data word 600 (formed of pixel data words 500) as

chewd) ahalof MR, D VDiplabn chtichder) tdsedditihplayet, XVtuner, settop box
sanpling is a sanpling technique applied to the col or

(Nifhf BlARE @Wﬁl@@i@!ﬂ) dR@ ! l%gﬁg ﬁ%ﬁa%b ourde02\WhR ;&%g

t he col or i fference Signals, are sanpl e
.at syb-nul tiple of e lum.nance Y _f.r ney.. |
g8 £ i ielog s Gurk 0 Sigh W K RiBoll g SR PR om TV

Si _gﬂnal_ s Cr and Cb _are sanpled._at the sane instant as
digifal st} pamera: andibe like. SEhgsligal vigre signal ean be any sumber and type

sanpling is the "normi for professional video as it
of nelirkas wnhidgital fomatccsicl ag) SMRTE 274M-1995 (1920 x 1080 resolution,
progressive or interlaced scan), SMPTE 296M-1997 (1280 x 720 resolution,
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 described 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
accordance with the invention is shown 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 ariy_ color -
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chrom nance digital information is coincident thereby

m nimzing chronma/luma delay and al so provides very

good picture quality and reduces sanple size by 1/3.
spdidpsucRaf JTUV.nYedvadikiglypinthg RGB calbr dpakk) techiydl dae word 500 is
signal selector 4 10 connected to the digital inmage

?&H{eﬁ%fé%b-ﬁo%lst Qaeé/a% SERIVKELRD, é‘%@dﬁc@%ﬁ@@%@ﬁsd@ and a

sel ect which of "12 t two | mage sources

B G st adn e fls“boelxsﬁﬁasou i o T ot or Qﬂﬁﬁfadﬁl tis

processi ng engi ne 412 connected thereto. After
Hpreaph rat ol s pearablecatiggnerndngi? o £aPSOrelese leveds (sometimes

fromthe video signal selector 410, the digital inage
migoskteian hinsvgdicn eeptd@nied tap a thistegram nFarexedpleginsd Dhbiwtolor
the received digital imge to an outboard video signal

§Rtes; 110f § afld the BSublpikél J08%ah BRI Lo HolER BRI RIS of‘fh@ color

t he out board vi deo sel ector 414 is arranged to send

S S B A AR o o

t andar d ital TV, uter nonitor,
pagsig g@ waé“l ¢ Mgl @Vha nﬁa;ﬁ s pixgh 4 can be
i ncl udes an analog di spl ay device 418, such as a
used hueepresem 256 devels, Ofaogﬂ' gForathe t‘@naniaagdgsc(l@loh) a shorthand
converter 420 connected to the outboard video signal

wetetckire 414 be osedanitdehdies Both ancadordpatd &lm@hs@& ahd B color
an appropriate anal og-format. [0037]p Fig shows a

d& ﬁf(‘hsuhf%rnuﬁmé gﬁ gfxegh%ijle% t%g& odage[r gz\‘c}ﬁis

e 412 con I gur proces

e B L5 s U BB o

processor 700 includes an input pixel format
gy &l bighloagd converter unit 702, a region detector
and selector block 704, a region distance cal cul ation

[0036¢k  7Aécordinglyy the ¢t/Daonibértss KO8 QSes what is referred to as 4:x:x
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 'norm’ for professional kvide:o as it ensures the luminance and the
chrominance digital information is coincident thereby minimizing chroma/lama delay
and also provides very good pictufe quality and reduces sample size by 1/3.

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

the digital image source 406 and the A/D converter 408 is arranged to select which of
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that provides for hue correction bl ock, saturation
correction, and fade correction, an overlap enable
bl ock 710, and a UV offset application and fi nal

aky twit ilge Sdrdeh Zanal ¢ OREEE sbirc@ A0 6r diBitdl IRSES 3RrdERI0BY Will

resources and bandw dt h, the input pixel or mat
LB PO ALERELFO! Sl 8 e

ace he i xel ta word f S _convert '
£ Ried Vitetho Pl BbatEeraidly Benteiiing G il nagRatgmived from the

converS|on protocol s based upon the conversion shown

Viflepisignalgelecsqr 41@ dhe digiteldmage prosessing cging413 putpals anhe

i nput pixel data word length is then set to YUv444

txhanedd wdnsorebf/the adeivicl @igitabinpageab adlatithodrd videodigrahgiidtsor

are set to 4 bits (or whatever other format is deened

DR’ APHith R fnBbarl WRleo I%@Fel:ﬂo?ﬂ | @b PRRbd£ @I s@bciBAR) is
[00391 In addition to prow ding a single format, the

e mul t 1 pl Q
%%.%&P. PEnd B SR ddid y gé@%a?sane%é’e Falfi416. The image
ararreter? aS|II strat d.in qﬂEd Fig. 10
E%W lecim € aStag 6@@ saé@ E¥> efmpyiter monitor,
fO||OWI ng paraneters: to' enter, QCapertm Rl, R2, Y1,
etadinvtby cabefwheee the dmageedisplan umieglﬁaimcﬁﬂds an/\&n'allcg dik;ﬂabedevice
Rf ade, and Y&&) define a fade region 906 in the hue,
A1, Stichtaks @@tanﬂéi@aﬂﬂﬁg qv @ﬂ*élié)l-t@-ﬁha%%@m@? RoMdtefef 480 connected

re

refers to the hue of the col or and ers to the

tﬁ%@&lﬁ%&ﬁ? 1(5196 sfgﬂ% Cﬁé@k%ﬂ X\]'g':{> eﬁ)s ﬁ?ecéﬁhﬁt?ﬁ%{i ‘a%;f&% Signd to an

are no

%&48 %‘1)3 ?]ners accordi ng to the correction par amsters
Pogte aln Sat -of fset, Satgain, Lumoffset,

Lum gai n, U offset, and V-offset. Full correction is
[89}TTi edFigo7 showpi Rastisulat ethbodimentofitkadiiital signg) processing
whil e the anount of correction decreases in the fade
e?g’%'z dn2 tornfiputed ds agirotdasorctdoao pfovidiath€ edquiitt hae based detection
and processing 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 block, 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 each the sub-pixel data
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regions to zero at the edge of the fade area furthest
fromthe correction region. f00401 In the described
enbodi ment, each region has its own uni que user-

oedttileHgiiabireset # 48fs {RwildvePRha BifItSs Bemdd i
Capew~, Rl1l, R2, VY1, gnd Y2, Hue- offset? %e_aggforg’natgg‘?rﬂle
Lurn_gain, U offset, and

' of f set,
%%gﬁiﬁgﬁ géggﬁggg+gf7 in Fig. 10 for an exenplary set
lu ..,Jn sonme sj.tuatjons a particular_ color may_ .
A0d¥] o " e o hsngiecrmudt e desiziopd embodiment wilizes
i nterpolative process is used to determ ne how nuch
dulidple region definitensmbestthein agseciated omebtiva pyianeetérbes fliustedted in
result. One inplenentation uses a priority/series
Fegsr 2and Pig. dpgtiovdng a Table 1CAIregioh 902 ReddFing@ by tR¥olBWing
hi ghest priority region first and then passes this
val i nt ecli . ck f .
PR RO Pty DB 33 Y SREAPE LG aBh P S04, while
i g1 nt at{,on | o for. 2 reqiQqns of overl ap, other
{9 dXenad o adhing Rtk @eion 08 an fheeg, ebation, gwingnce
reagi ons of overlap. 14 Region Detection 100411
ﬁglg‘é) FQlRsPReR Whets Ometsrs tp the hue ofdheleddor andeR) referts dal thesaturation
a particular region (or regions in the case of
efiibe balp). Withishiach repign pikvle arephadified fsaddrsve (B Gt ed
by the detection block 704 (using a process | 100

l‘gg%i‘lﬁﬂycdtﬁe FedihPWERRES adcblldﬂ‘%t tb @ﬁee&rfe@tigﬂll‘[g%ra&@er : %theﬁszstee

t he appropriate corTection para ers.
i i_ent, . this region detectlon cess
82540 SRRTSRl, 1 B SRS Fu
W thin.a mgximumof two regions; that is, up to two
CPEETIIRS ﬁ&ﬁle&rg P &pcekt wiship agermaetion region, while the ampunt of
i npl ement ati on, one region detector per region, plus.a
cgirejion deerghsen in thelfadet egionGom fullet ¢kt édpe of ke d@eleeidn i fade
process. The process 1100 begins at 1102 by
regions to zero at the edge of the fade area furthest from the correction region.
[0040]  In the described embodiment, each region has its own unique user-
configurable values for all parameters Goneer, Oaperture, R1, Rz, Y1, and Yy, 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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retrieving the nunber of regions to be used. In the
i nstant case, the nunber of regions to be used is two
but can be any nunber deened appropriate. At 1104, the

hue, saturation, and | ' Paetigmanet ers for each
region is retrieved and at 1106, each region detector
( ﬂ@lfor i . q D ! ' , . .
JOPE 01 BERE B R T U ResBrR OIS o particular region
tection paraneters,specified for each.regjon. At
AbElaS R R ARG B BAD T whichau Shyet Bore! Faflef Ty adted by the
the detector finds that the@pixel is wthinits =
rdetgiction blopk 706 (iséng apraerss 560 shownda atlovichert aflustrated in Fig. 11)
If, however, it has been determned at | | 10, the
@oxe ko applntie appioptisteichaedtipgiparametdre. Id eheeddsoribedlengboidiment,
value equal to the total nunber of regions + 1,

4Ri8 r&Pict §e VY PREE N baled kipdd they }f}gsm?ﬁfm& any Pfel may be

regi on detector for region 2 wou use the paraneters

Q.pter. QCapenu R .. R, Y1, Y2, Od. Rf n .
Sl 8 mar B o SheiorSFnat i upl v ripiond A Frer PR any point.
delimted by these val ues, the detector, outlouts,' c

&1 p gaRficalar iInplsrpiagiony one rqgmagafecmr Pf1Y Hegions glus f sEigle region

respectively, the region selector 705 determ nes the
pelectar 705(iansedstec trediztegtiompanessnhe peovesst 1160 bepias at 1102 by
al |l ows overl appi ng regions) detected region address

fdtriéViBe MHetRimber BErePlohSRY Be s Bith Snstdie cakR! e hashber of regions
region with the | owest address nunber, and the

. . . . y
REACOES S b b M PR S8, BB
over | . appi area of regions 3 and.6,. the i mar
Rl A8d Jumingece RReARlers fer-gagh Fegiqgtis prrieyRd paL 106, cach
not within any defined region, both the primary and
tefgionsistasha {one foe gachrsgiankcompands a pixelipdRESIN@Rtion, and 120
and 1122, respectively. Region Distance Cal cul ation
luminance values to the region detection parameters specified for each region. 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 Ocenter, Gapertures Ri,
Ry, Y1, Y2, Ofade, Reude, and Yege, for region 2; if the pixel is within the ranges
delimited by these values, the detector outputs *2,’ otherwise ‘MAX_REGION.’
[0042] At 1116 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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[00431 To facilitate the linear fade fromthe edge of
the full correction C hard") area through the fade
region to the nearby non-corrected pixels, the

dinsabaNBer dxafipld, e pivelgewithir! the ob@‘[a%gﬁig%eaﬁf régieioceand 6) the
the fade area nust be cal cul at ed. en, later in the

PR L3l sl | e 9B 30T o Sl

rom-t
fad th 1-1/3) = 2/3 of th i fi
te@itie B0 dhe SRy a0 T pponity 1 igms ke AP MUERCRRGIGN at
area of a region will cause a distance of 0 to be

beandtldd?, respgctivaly.ng full strength correction

t hroughout the hard region. Each pixel channel (hue
angl e, saturation rRein Dif¢anceChlbulaiio@nce) has an
associ ated distance calculation that is output

poasy at gloyafifipRe the %ngd:%&fk?&nfiﬁé ﬁ%@%&f gy 'ceﬁ&ti%ggﬂéhard”)

e hue O (Th) path 1s calcul at according to

[ 0GESS 00 .shown by, the flowchart . aof .Fi.g.
BEPEES RS B8 MU R ety T ie it g diffnce from the
saturation is 0, the hue angle is indetermnate. |If.
gdge op thedard.ayes afa pisel indhg fade area must be ealewlated fhsay later frethe
saturation should in fact occur along the centerline
cofrettivm bleck, o pixblas,dboexampld, 1vhef theway ditoimothe Rafd ata © the
is set to Omtre for the primary or secondary region

cfer 2R OMthE FdR afda, theR41-1N912/3bf thb2P&vifidd\GorMaliseHill be
O pl us360 and 0-m n360 are created by adding or

Cl: . .
opitd AR i PE B85 of A MBI GIPLAES o Qg BERE Fibe
nat ure of, the e ang] e. For exanple, .if O centre= )
gav&{aeﬁdaéget}n& 5 Fomeatign SORBR HherhebtreRto Bagh Bixe!
= 30 degrees to 0-30 = -30 degrees. Since the _
clizmeb@iug angle, sapwation magrdtadeand daminanee) Aagdreessogiaiad distamce
360, a pixel with hue angle 0 = 359 would not be
csletlatbethavistoiput bdpRardtdgifiom thSidistdnRe kalculhitién blogk P06, e hue
defined as O Centre=359, 16 and 0_ap=30, the region

egg@fﬂ%ag{ f:sacaicﬁla‘?&f ad06Ridy B hAAREAR] 1206 8IS HE RobRhart of Fig.

12. First, at 1202, the value Oy, 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 6y,
is set to Bo‘em for thc primary or secondary region as appropriate at 1204. Next at
1206, the values 0_plus360 and 0 _min360 are created by adding or subtracting 360
degrees from the pixel hue angle 8. This is necessary to account for the (modulo 360)
nature of the hue angle. For example, if 6_centre=0, and 8_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 6 = 359 would

not be detected within the region. Similarly if a region was defined as 8_centre=359,
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329 degrees. A pixel with hue angle 0 = 0 would be
fal sely excluded fromthis region. It is for this
reason the region boundaries are conpared with 0, 0O

Bha'836L30,a08 regtbr AABERa isfRkd %orrﬁslbﬁ%u% 389 greds & 359-30 =

correspondlng to fade distances 1 n the hue,

rati O d nm_nan rec e
372U R BB 2D " EShN PleslERERGHL B jsregion.
i nt + 7 fractional bit values or _ as_appropriate).
ft4s ?cnéhla E280n e degigmbyidasien are coapaed wath 5 n&lﬁgﬁ%g}don
di stance cal cul ation bl ocks are there are regions.
PFanidplnfdist_1j Bdifi_ g, and, Sdidted, eomesponding teefpde disthinsesindbe hue,
cal cul ati on bl ocks, one for each of the primary and
SAeRASARMd @lﬁﬁﬁsﬁ&diureemlﬁnﬁasp&m@%e 80tphORdMlthed BRck at 1208

correctlon bl ocks, one for each of the pri mary and

SRR 71051 7 A0Sy SORROEML Ay 15 e s
ﬁ@%@aﬁwg 3 e Rl ST e SRt 2

Ium nance val ue and outputs a corrected hue angle,
regions.aForwampleu in Fignd théra arefavecegiondistance paladation blogks, one
the primary correction block also outputs the

foa bl o tiedprirr@siand aéﬁoﬁdarfr'ﬂbﬁctédﬁ'ég&@tsl on bl ock/function
handl es pixels differently dependi ng on whether they

lie in the "hard" region (non fade region) or lie in
the fade region around the "hard" region. For a pixe

i nside the "hard" region,hue gain is applied to bring
the hue further apart or£§$¥§ﬁiQC)the region's
theta-center. Saturation and | um nance gain decreases
or increases saturation and | um nance for pixels in
the region. Once the respective gains are applied,

- [fegd]lon Thecorfdction blocks ahe f@ateacinof tha gritnang aeseeomfabsddtected
are added 17

“ regions, encapsulate all the operations necessary to apply the appropriate region-based
corrections to input pixels. Each block takes as input a hue angle, saturation value,
and luminance value and outputs a corrected 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

* the hue further apart or closer to the region’s theta-center. Saturation and luminance

gain decreases 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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. Fade Factor Correction [0045] The application of a
fade factor to the regional corrections is now
descri bed. Throughout the region's hard area the full

regi onal correction YBUdFachrTordditlohed. However, from
the outer edge of thé hard area to e outer edge of

the fade area, the strength of correction declines
linearly from21 x correction (full strength) to 0 x

rrection (yncaqrre d xel s outS|de t he region).
@gﬁ%]e pt JEF ppplicafen Péfdg‘ de g‘éﬁ‘%r“’ the regippgliporrections is now
[1-(Sdist _1/fade dist_hue)] x [|-(Sdist2/fade_di st
deacr)Bedx Throughiosd thetre@ioh aderdhires the dulj fegionabearetivs valkes are
the output of the region distance cal cul ation bl ock

ef lied #wetBR fided the cad e RS thd Bdrd Yrdao tHeout@edEd oPthe fade

e fade region in the relevant direction. D viders

bhggs‘{rghgiﬁ%f Qgrr%,]nog%@%lh{ég li Vﬁagi (g{lg :J&nlf&%h{?n {ﬂgg strength) to
qe%éfr%f%? e ea S s B e ReR o Tot el tpe
i nverse of the values Rsofflower, Rsoftupper,

Ceseentnallvethe fadeofactopfsimplyhese val ues are t hemsel ves
cal cul ated as the fade distance given clanping to O
and 2b¥{Sdiftol/feicadipt Gne)Rxql 4 Bdivep/fadentiz( Bit)] Klrde) , and
Rsoftupper = m n(255-R2, Rfade). Hue Correction [0046]

As Wddisit Beadat Bl gAYy ection paths (saturation and
[ um nancé) the hue “correction path applies a hue

PP RSl Rk RB Sl ko BRAR 6 cch B,
neceSS| tates a difference in_the hue_ correctjion_path.
and fade dig g isrthe lengthofdhe fde segien inrthe gqlf@fﬁeudlmonpeﬂéw&brs are

bet ween the region
avoided by allocating registers to hold the values for 1/ fade dist_x, which are

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, 8_diff is calculated as the signed difference benveen_thé region

‘center angle 0_centre and the pixel hue angle 6. That is, if the saturation is zero, the
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center angle O-centre and the pixel hue angle 0. That
is, if the saturation is zero, the 18 region centre
angle is used, and then a decision to use this val ue,
oegian ‘ea’ltrﬁeangde is 36€, antla@e& edediSioh &k ede tARSQHOH 4 V@ue +/- 360
regi on border angles. 8 diff is then clanped to +/ -

U&gieés_ﬁﬁakeﬁma%d:&rﬁﬁ@%ﬁl%ﬂ&ﬁeﬂ@gf&l ﬁa&}h*l ﬂleﬁ a%@:%ﬁ't.?#—

rlghtsh|ftedthLee Its , f
centaer t]?]%tﬁ Se%ﬁahc‘)%% 'ﬁgé&fﬁfﬁ Wﬁ%ﬁﬂfﬁ?@f@m "three Ems This

ia?ﬁ’s O-add . to this value gives the total

&ffi%trp e il s e eithep sewasds ovawdyelrern tad center of the
within the hard area of the region. 8 totoffset is

aedion, gependingyorrtd sighad B ogain. A ddiey e edd he tidovales sivedthe total

strength if the pixel lies within the fade area, and
cheedtiofl @CtotsTide ff beoippREPIdthe hixe PAARR thOniGrdd! i
hue angle 0. Finall p, t he cgr?ect ed out pu?rei%sdfr@g %103

0PRSS 07 S R e s

4.7. thelnu turation value Ris

‘H‘ Piﬂé%fsa&# prFargpd;t baed FATERGHER PMOBRE 1S addsrte theprigiinak hue
X = R * Rgain/128. This value is subtracted fromR to
quglp & Fénallvethe pomesied ottpuids relutédio 4 moduld 36@ daloy befoee being
gain. The saturation offset Radd is then added in to

@gitme ftohethc@balectial Bloc 4s@ c6@r r ection val ue, R
totof fset. The correction is then faded by

multiplication with @‘i’l?rafti%ﬁt(%rrec dded to the pixel
saturation R, and clTamped ard |uu tded to the correct

ut hit dt h befor.e bein ut as Recorr..
B e Bt e v B g & G anliiat widh Rein and rightshitied
saturation correction Eath UV Ofset [0048] The U
T eurrSaR | Reatn/128giTbis value is aubiratted dwnpRitaiselate the

for each region
amount of correction introduced by the gain. The saturation offset Radd is then added

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/V 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.c.in a low-saturation circle centered on the
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that give the anount of offset in the Uor V

direction. This offset is applied after the polar-to
Cartesian conversion. This allows chronma adjustnents
biigth) teRshift toverdyigh-satmdtiod blas. Gilen shembitrarynay angles bpixels
sufficient to handle. For exanple, for blue shift it

. Sthisqg%%ﬁ,q}%hﬁeﬁ&:@@%égmg gbrepsiaﬁﬁétﬁ)rfbt%lﬁfstrﬁérﬁé' cdnl acBievé thi®

owsaturation-cir ntered on e 19 origin) to

i ff towards,high-.saturation blue. Gven the
IZF‘EF Faft ﬁ?fgvé’rﬁ%f’téy#e@i xels in this region,
nei t her pure hue nor pure saturation adjustnents can
achieve this. Therefore, a U and V offset is needed.
Overlap Enable [0049] If a pixel lies within the
over | appi ng area of twoOvedapimablehen hue,
saturation, and | um nance corrections wll be applied

@b& t i 94 PeidsRRERn @%rw@ﬂaﬂlpgﬁ%m&aﬁkvo& Rs, ithert iR,

econdary rrection Bl ock. he pixel lies only

thin one region t . rs p.an. fI1¢ :
Phislich, AT RS solSH ik B g S5 3 bl (Riection
Secondary Correction Bl ock {;o llg be .bypassed t.q. .
Barh thominthe Sesestarsogiesien Blogks 4 it Ten gnty;within one region
data. The Overlap Enabl e bl ock uses the .
ttnesh, aply Bl enteetion Soonthé Pymasyt GowectiondHpekshomsdtespplied. The
Sel ector to choose the output of either the Primary

RomBFPOHRLMNIEBIHEEHHAR 1Y Wphssel to Mlatimtain dechebapaasiblehe
total U and V offset to apply: either the sumof the

U V.of f . b ' :
emroidh U Bt B T OSBRI PER A nAOvlp. Detected
facilitate the abjlity_to fade.the V correchio j
sigral gengeated fé%enaﬁe oy Sejeeir 1 hoogy %8?&’5@?‘6 1 %@’S? ghpery
into the correction block to be nmultiplied by the

oE Seeoridaryt Gorrectinn Beckultaiso calcyhatesthel tofeldhandsV offsel tg apply:
fromthe correction block to be processed and applied
chtBert the seA lof et e pifsedd frdmmtbeth Correction Blocks, or the Primary

Correction Block U7V offsets 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, Ucorr and Vcorr, are output from the

correction block to be processed and applied to the corrected pixel later.
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20 UV Ofset Application and Final Qutput [0050] The

final operation before pixels are output fromthe

i nvol ves adding U and V offsets. These offsets are

regi ster parangyeigfdeDAppYitigod 26 Hinal GutgutCor r ect i on

Bl ocks and added together 1n the Overlap Enable bl ock

(0). They are now added into the output U and V

channel s respectively of the output pixel. The '
rrect YUV, val ue re |astly clanped to a range,.of

(9901”355 e sk ansrasiontbefiar pols aéputputomy e apolvesgiding U

| ast step is to nux the corrected final values and the

and Yioffagts.i Fhest offsets mre regiidtert fagamesens dhat weese fdedintthel Cagrection

being in at | east one region then the corrected YUV

BRIcke and ¥ddedabgethdr inthle OVékliap Enabla biock (O They 4@ Hotvirlded into
bl ock as Yout, Uout, Vout. |If not, the original input

, | v . e _
B bippt A8V OHBnch eonoffely Dkt Blfbu peL i colotep YUV
I nvent | Conput er syst S, 0 X I f
Wi ety JBPRtbaTadan b torre e el YnfuuRERo Ry el
be inpl emented. System 1300 includes central

Thedegt steprigtompx thecpupeted Snal values gadiheceigingl inpybyslues. If the
(RAM 1320, read only nmenory (ROV) 1325, one or nore
pieelivas eetebied 28Béng gr @ Musc snecregionother thelcdGOcted (YTUW vglues
storage devices 1340 and 1350, and digital display

Wi, GRAA, vikRiYSard 3dPufémahs BloeR HPYYBE!, UBuLVRuL!If AR fe
i nput/ out put devi ces 1390. Graphics contrdller 1360

ener at es_.anal I, rage ta and . a correspondi ng
"?‘gf%aﬁ 8’:%’82"‘%%’]'9" g‘%"‘&n ‘%S@%i‘sd%‘gp‘é}mh to digital display
unit 1370. The anal og ima%e data can pe generated, .
[9071] o x aFiSH d 3 1ihustrates 88Y5emel3 08 #ploved & erlemeny the nwention.
1310 or from an external encode (not shown). In one
Comgnckirispstem 180@ isamdy agexamplg of al gtaphics systanw irdwhiich they@Bsent
format and the reference signal includes the Vsvxc
invention can be implemented. System 1300 includes central processing unit (CPU)

1310, random access memory (RAM) 1320, read only memory (ROM) 1325, one or
more peripherals 1330, graphics controller 1360, primary storage devices 1340 and
1350, and digital display unit 1370. CPUs 1310 are also coupled to one or more
input/output devices 1390. Graphics controller 1360 generates analog image data and
a corresponding reference signal, and provides both to digital display unit 1370, The

~ analog image data can be generated, for example, based on pixel data received from
CPU 1310 or from an external encode (hot shown). In one embodiment, the analog
image data is provided in RGB format and the reference signal includes the Vsyne
and Hsyne signals well known in the art. However, it should be understood that the

present invention can be implemented with analog image, digital data and/or
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and HsyNc signals well known in the art. However, it

shoul d be understood that the present invention can

be inmpl emented with anal og i mage, digital data and/or
Elerendeatignizdn sitgn &drmatsn Rok beampleyamalog imbge d2x earpinelude video
anal og i mage data can include video signal data al so

ohd) data%%nﬁapge&ir&goﬁdiﬂgﬁﬁl%fr@f@%ﬂe@sigﬁan al . [0052]
t hough only a few enbodi nents of the present

i tiaon,.hay, ee descr,i be ] houl .

[AREL <« SReBens e B s BitSH I Btan s bose

in _many other specific forns wthout departing from,
deseribash Hishowld be paderstapd thef theipsessrigawmtion maydissighedica
present exanples are to be considered as illustrative
many other speeifit foratsi wighovh departiveg fromelw spinit arshastopt of the present
limted to the details given herein, but may be

fRetitfone dheiptdibm dkBRpRS QRS0 Ve cohGdaBPaNtas4ivaiafd nat ong
with their full scope of equivalents. [0053] Wile

L e
Bl e s b e s s v B 5 e o
there are many alternative ways of inplenenting both

aquivalgntscess and apparatus of the present invention. It
is therefore intended that the invention be

[0083r pr LR this inveatios hagbathldesoidbd &l feahobf OpRferred
pernut ati ons, and equivalents as fall within the true

eﬁp:i | GRPS Pl D& BEABAS, ahd YRR dIGHs thaf falf@ithih the
c aoi(ﬂrrntlee ’iqg?r% . Atesr)rge}{oklo’?e?%r pr osc’: essqlg g a pixel,

co rgp rfj ﬁ"i Al .

scope of this invention. It should also be noted that there are many alternative ways
of implementing both the process and apparatus of the present invention. It is

therefore intended that the invention be interpreted as including all such alterations,

permutations, and equivalents as fall within the true spirit and scope of the present

invention.
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converting the pixel's color space from Cartesian
coordi nates to pol ar coordi nates; determ ni ng whet her
the pixel lies within a 3-di nensional region described
What & ckémedfs: r egi on paraneters; applying a correction
factor based upon the pixel's location in the 3-

di mensy Aetbd FeGrofussia d phRN\Bidphisgt he pi xel ' s pol ar
coor di nat es t%%Cartes?an coorglitpnat gs. 2. A nethod as
recited in claim1, wherein the color space is hue,
sat ur eonivening slmdpixeliméohenspace(fianvCadesian capdinates 8 polar
method as recited in claim2, wherein the

Soddifi@esi onal region conprises: a two dinensional UV
plane; and a Y axis in a third dinension, wherein the

two dinensional UV, plane includes a color )
cor r edetqravnipg yihether Rgtpixel Hiehwithingcl-digsnsionplyggion deseribed by
that is a specified distance froman edge of the

aszk of regionpacimaersy egi on wherein the specified distance
is conmputed in the U, V, and Y directions. 4. A
method as recited in claim3, further conprising: when
t he FPREING bedtacHAn fastqrpasedaippp e Rixes, logatign in the 3-
determining a fade factor based on the distance

dimemmigretirdgion; hed hue, saturation and | unmi nance
directions. 5. A nethod as recited in claim3, further
el's lgcation is_.in the

conprising: 23 when the pi .

col o FO’&Yﬁr&%@F (5’11?“5? éé’PE’l’i Fg‘i‘rﬁgﬁteé Y E‘lt%ﬁ‘anfé’oéd%@% r
correction factor based upon the pixel's |ocation.

2. A method as recited in claim 1, wherein the color space is hue, saturation, and

luminance (YUV) color space.

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

a two dimensional U,V plane; and

a Y axis in a third dimension, wherein the two dimensional U,V, plane
includes a color correction region that further includes a fade area that is a specified
distance from an edge of the color correction region wherein the specified distance is
computed in the U, V, and Y directions.

4, A method as recited in claim 3, further comprising:
when the pixel location is in the fade area, then determining a fade. factor

based on the distance computed in the hue, saturation and luminance directions.

5. A method as recited in claim 3, further comprising:
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6. A nethod as recited in claim5, further conprising:
applying gain and offset paraneters in the hue,
saturation and |lum nance directions to determ ne a

cor r et thegpimelntlodation &spp the cadprtcoretidorpiegieh, theh calculating a
method as recited in claim6, further conprising:

6616 &rkecfiSn FREorbase@ updn L%kel‘ﬂ‘l'@caﬁﬁﬂ. saturation .
coordi nates to Cartesian coordi nates while | eaving

the pixel's nodified | um nance unchanged. 8. A nethod
as recited in claim7, further conprising: reducing

he correction anount hy the fade factor; and applying
Fho r BqTEBA SORFRE MGHAHD °f GOPRESIBE el 24
applying gain and offset parameters in the hue, saturation and luminance

directions to determine a correction amount for applying to the pixel.

7. A method as recited in claim 6, further comprising;
converting the pixel’s polar hue and saturation coordinates to Cartesian UV

coordinates while leaving the pixel’s modified luminance unchanged.

8. A method as recited in claim 7, further comprising:

reducing the correction amount by the fade factor; and

applying the reduced correction amount to the pixel
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