METHOD AND APPARATUS PROVI DI NG AUTOVATI C COLOR

BALANCI NG FOR DI d TAL | MAG NG SYSTEMS FI ELD OF THE
wORMENTION [ 0001] The invention relates to i NagCWES2006/047346

devices and nore particularly to automatic col or

bal anci ng techni ques for imaging systenms. BACKGROUND

OF THE | NVENTI ON [ 0002] Solid state inmagers, including

charge coupl ed devices (CCD), CMOS i nmgers and ot hers,

have been used in photo imagi ng applications. A soI i d

state i m circuit includes a focal Elane arra

METH{)R ANBA BAPMHS&BO&%ID&N@ AUTQMATIGA ALOR ACANCING FOR
phot osensor, Eﬂ fc}egcy@g@ got oconduct or
avi ng a

or a photodlode region or accunul ati ng
phot o- gener at ed clIHEgEOEéEIHEﬂNZ\éIENdéONhaS a charge
storage region, fornmed on or in the substrate, which
{@003PnnéBeihuantidreraiates toimaging devices padgnerpattisadarly to
is part. of a readout circuit. The charge storage

automatig gol bn%l?nﬁ’é‘&:@ﬁbsﬂ’fq}@tséﬂr Haaging 5% Y- di f f usi on

region. In some imager circuits, each pixel cell may

i ncl ude at Ieaé&c Mbr@ﬂ'mﬂ‘iﬁ\?ﬁﬁﬁ as a

transi stor for transterring chargé fromt

pﬁm‘z?s ensid Eéaté t}ﬁag&@,f AREudiBg Aargs @oﬁﬁﬁedjée\!‘ifi‘éés (@CBY, CMOS

ypically a transisto for resetting the storage
imagers &4d othé:e, hape bdeh eiseil e phobaimgegirgyapplicationst A shldgeate imager
transference. [0003] In a CMOS i t he active
circuit inklardastasfoshl aleme@nraz@wf pied celds, map%@nmfefbg@eys including a

functions of 1 hoton to char conver si
photoseRiSEryPAth BIFSohe hARGEORAIS: glaotoeggﬁpsg%ﬂ phpindicle having a

doped %ﬁérg geri %cect%ﬁrqtqgattho hgt er?etrgée&sl{a@éfa &ﬁ%e};loéell has 15 3 charge
storagecrggiorf P6rhe@ by u@ﬂ'@ sﬁfb)stl‘é&t RUthicAnd c@ﬂﬁbét@d&@tth@ %aﬂi of an

[ gna representing pixel Char ge. Photo charge may
output BRndi¥ed: fhizds pasyofid remdlees cirtain The dherge atoragarggion may be
accunmul ation region to the storage region. The charge
construated: &rea Slvatiagedifbpianrégiony i saineyintagaraitadtst each pixel cell may
) pi xel output voltage by a_source foll o¥ve
include at least one electronic deviceé such as a transistor for transferring charge from
the photosensor to the storage region and one device, also typically a transistor, for

resetting the storage region to a predetermined charge level prior to charge transference.

[0003] In a CMOS imager, the active elements of a pixel cell perform the
necessary functions of: (1) photon to charge conversion; (2) accumulation of image
charge; (3) resetting the storage region to a known state; (4) transfer of charge to the
storage region; (5) selection of a pixel cell for readout; and (6) output and amplification
of a signal representing pixel charge. Photo charge may be amplified when it moves
from the initial charge accumulation region to the storage region. The charge at the
storage region is typically converted to a pixel output voltage by a source follower

output transistor.



out put transistor.[0004] CMOS imagers of the type
di scussed above are generally known as di scussed, for
woexerpi7esozi n U. S. Patent no. 6,140,630, U S. PaCems2006/047346
6,376,868, U.S. Patent no. 6,310,366, U S. Patent no.
6, 326, 652, U.S. Patent no. 6,204,524 and U-S. Patent
no. 6, 333,205, assigned to Mcron Technol ogy, Inc.,
whi ch are hereby incorporated byreference in their
entirety. [0005] Color constancy is one of the
characteristics of the human vision system The human
N)‘O@&Pn ENIOS TSzt S Iof the PRt @isehssédsabiove axet gergerally dinown as
obj ects under ditfferent I'ighting conditions. The col or
discussed, fenexhhphd, ih &R SPstelns nan6,140 6§01 HS. ?an@m@r 3%a848, J.S. Patent
di f f er ent types of natural and artificial E
no. 6 31@,666 JdS, Patartt res 65336,652% .S Pasent neghg04 5%%3}% e‘é Sehgtent no.

| uor escent, _and ver
6,333 2Oéh%ﬁ$g§1%tq Mace Serino penamesafsge ey s BBrated by
¢ ggn nat i the perceived |ight ness and col or
re eren% ?Erﬁ:‘@g 8’1“5' the scene wi |l change. The human vision

system does not renove the influence of the |ight

@@5}? e eIt Ebltincy ROORd oftRAg Bt teriened eftiid lamias vision

hat” t he human vi si'on system does not function as an
system.aDehutrearcoisivn spdteircistenry cepaliessfbiscdinipatingwgler objects under
contain interactions of |light sources and obje

differen dighbivganenelitizner Ehercelorefanokiaptigpks svhﬁt@@neflamﬁame under

vastly qlﬁfﬁqgﬁlf‘?giﬁlﬁf?%‘éfc’ﬁﬂt%‘? ﬂo%“% F‘é@é&éﬁ&gﬁ‘%&%xﬁ%ﬁ r?é?‘ﬂy m%lnaltrl‘l’;}?t fmoon
light, mtgh e(ﬁ%%aéné ? &Eg&%t\éé%ﬂe g&%%gﬁéq{ps 7k eE{Ié&n Rtud Ry the change in the

€ reprodu must | ook |ik
spectralf_ﬁéﬁ@f dREEPEtoR M IhBYRRERSiSn, | the %jé@@éi{fé@dl ESSVHIGl color
s observation that a nore pleasing ef IS

appeard{de®T the ecticedill shanger The ihotnsan Visidre gy stem doeﬂade remove the
that instead of the col or bal ance being correct, in
influeneshofcthedight sosres fompdetgly-gray, it is so adj ust ed t hat
t he V\,hole pi cture integrates to gray. RWG Hunt,

TS 2 S5 RS i A0 s o o
functlox’[? Eg ?é%bg@féﬁg recggﬁlmetﬁc dBV¥REAT%e Pecdiial- ur&cg‘é@rc@h'ﬁﬁanteracnons
of light sources and object reflectance. Therefore, for a captured image from an imaging
device to look natural, the influence of the light source must be preserved in a manner
similar to the way the human vision system functions. For example, the reproduced
sunset scene must look like a sunset scene. This hypothesis is supported by RW.G.
Hunt’s observation that a more pleasing effect is often produced in color prints if they
are so made that instead of the color balance being correct, in which gray is printed as
gray, it is so adjusted that the whole picture integrates to gray. R.W.G. Hunt,

“The Reproduction of Colour” § 16.7. The gray world theory assumes that all of the
colors in a picture should integrate, i.e. average, to gray. Accordingly, thereisa need

and desire for an imaging device that more accurately color balances a captured image.



and desire for an imagi ng device that nore accurately

col or bal ances a captured i mage. BRI EF SUMVARYCF THE
WORMENTION [ 0007] The invention provides a col BCT/US2006/047346

bal anci ng nmet hod and apparatus by which an inmage's

col or bal ance under different illum nations can be

nore cl osely maintained. According to an exenplary

enbodi ment of the invention, pixels froman input

i mage having an i mager col or space, for exanple, a

red-green-blue (RGB) color space, are sanpled for gray

wor | d st ati SBRIEF SKOMBMAIRY OFTHH BYYEDTIEC2Nur at ed

regions, the pixels are pruned. |If a predeterm ned

[090ZEnt de iokentionpirveidesa eolonbrlagsing meathed grglapparatus by

which agkiangss lon bpLATIseGnde i RBTTHORTHAFIEOB SRS TRRRARSEL
maintaifeg g PSR FRRGTLP PG o B ARG hagRvEifo R piyels from an

. .for displ . | v ent | i B) color

impueic e GREPL S R A g i LS ) o

space, ard S £t DR ONBERL stafli AR adbidatheqifitich af saturated regions, the
the two. BRI'EF"DESCRI PTI ON OF THE DRAW NGS [ 0009] The

pixels at@pegrediglfanpresichemacdanerageigand the pixalesroindided in the gray
invention will becone nore apparent fromthe detail ed

world stgsaticsgainns Hferecempiies fanensh ReRichapngl palyresmesito a neutral

i o T Bt S TR B S it Slen
i 1] ustrati | i di ng t
ety ST G RARYe SIS BBBeeS Ascording o ar

shows a functional block diagramillustrating portions
oospe PHCRSentibhushy Bedthplemehted lo bpegite@ineanalog or digital
detail; [0012] FIG 3 shows a flowchart illustrating

image dua bindnaapibetdxecptestiesBaridwarst seftedre, wri @mpination of the two.
greater detail; [0013] FIG 4 shows a bl ock di agram of

an i mager constru [ i enpl ary

enbodi nent &ﬁhﬁﬁﬁgwmﬁéﬁﬁg%hﬁ@@shom a

PORSTS S AnSttR b Eong e BH A Pl ds SR feBBrdsBEGhE Invention will
become more apparent from the detailed description of exemplary embodiments

provided below with reference to the accompanying drawings in which:

[0010]  FIG. 1 shows a functional block diagram illustrating a color balancing

process according to an exemplary embodiment of the invention;

[0011]  FIG. 2 shows a functional block diagram illustrating portions of the

process illustrated in FIG. 1 in greater detail;

[0012]  FIG. 3 shows a flowchart illustrating portions of the process illustrated

in FIG. 2 in greater detail;

[0013]  FIG. 4 shows a block diagram of an imager constructed in accordance

with an exemplary embodiment of the invention; and’



device including circuitry for conmputing col or bal ance
constructed in accordance wth an enbodi nent of the
wonvenrion. DETAI LEDDESCRI PTI ON OF THE | NVENTI @NT[u88sh47346
In the foll owi ng description, an exenplary i mager
color space will be described as an RG col or space;
however, other col or imging protocols could be used
in the invention, including, for exanple, a
subtracti ve CMYK (cyan, magenta, yellow, black) color
space. [0016] The general processing flow of the
IifU(D‘lQPt | UGl 5 sRewsaxpictesast syistdémiint@pensing at ldwst one imaging
igures. Referring to FIG i mage sensor data from an ]
device iREBding eircaftay ot compytingewldr batrnce romgfrueted dpracgordance with
using a tiled color filter array, such as a Bayer
an emboghigagnt ¢f thednveR#iemrn. A de- nosai c process 3,
interpolating the tiled Bayer-RBG signal, is applied

to produc j i l??érgt S j i nd Bi,
signal s aﬁﬁéﬁl’?ﬂ) a anlggj F%Qgégggg@ﬁjﬁEyﬁ%%ﬁce Rb,
15pNd . HeSRINESA, M I @hnb¥er color space will be
@t%alﬂast ilgghgr&mﬁ}é)m%e gﬂ?c’al cul at’i ngycha n]él géi ﬁs
describetb a€ ¥R IRGB ed1edpade; Howevér, ddhiéi dolvt ihagitizgsm@itoeols @ould be used
FIGS. 3 and 4. The Rb, Gb, and Bb signals are then
in the irswhitiest, éncltidirgg, fot example, ectibdrrguived e IS (¢ymmp mergrrda, yellow,
R, G, and Bt signals by applying a conventional

black) celsirdipager r ect i on schene. Display mapping 6 is applied
to the color corrected signals R, G, and Bt signals

oduge .B" si ' f lained with

(R oy 118 ehmestl preiPeefy RAPF R Bk oxplaingd wi

referenc%%pdﬁ% %&%@5 Referrirls 10d. 4 BeagPBRERGral A8 fidiAtandREB color space
nown aic, de-mpfaic, color Correction, di spl ay

is acquif@ppiotg andfthgdl sepley?2 ueiripna giled coly fiiweraespestuchalky Bayer

used in processing blocks 2, 3, 5, 6, and 7. [0017] ) i
mosaic filter petternbal derorosgiopeuess B, integiolating i Hed|BagenhBRG signal, is

. explained_in nore detail w_th respect to FIG. 2.

appliedtprpyrduse %e@lfMBWigpﬂlsstﬁiﬁ Ié‘t' s2n Ef&ﬁ‘l%“%f &fjfcolor balanced
. B Sum_an nt-.are I i T .
in procci e G Radh o B RISy o e M Bragiptics of e
image aé@l‘ cagﬁlgfagf‘% BP0k #Rhin3Rd APRIihed Hefol AR tho @&REISwy Ifh reference to
FIGS. 3 an’d 4. The Rb, Gb, and Bb signals are then subjected to a color correction
process 5 to produce Rt, Gt, and Bt signals by applying a conventional color correction
scheme. Display mapping 6 is applied to the color corrected signals Rt, Gt, and Bt
signals to produce R’, G’, and B’ signals suitable for displaying or otherwise outputting
of the RGB image at output process 7. It should be appreciated that any known mosaic,
de-mosaic, color correction, display mapping, and display techniques may be

respectively used in processing blocks 2, 3, 5, 6, and 7.

[0017]  The color balance process of block 4 of FIG. 1 is now explained in more
detail with respect to FIG. 2. First, pruned gray world statistics, R_Sum, G_Sum,

B_Sum, and Count are calculated in process 4a. Then channel gains R_Gain, G_Gain,



to produce col or bal anced i mage data, Rb, Gb, and Bb.

[0018] The process illustrated in FIG 2 is described
woebaw7os02f urt her detail in relation to an exeRrpiraIS006/047346

enbodi nent of the invention. Referring first to

processing block 4a, gray world statistics can be

derived by integrating the input inage to gray. See

"The Reproduction of Colour"”™ by RWG Hunt, 4th

Edition 1987 Fountain Press, |SBN 0-86343-088-0, the

di scl osure of which is incorporated herein by

and B_CGa%t §FERABu1dtBd 3R pRy&iEBbiddk Mrhadiapplied o inpait-signals Ri, Gi, and Bi
|

nvention, every pixel of the input imge is sanpled

to proddl*)é RN EeChslanaad inagl ddea, Riy, Gmtaagt Bbi on to gray. The
sunms of the chromaticity of the color channels of each
pi xel (R.SUM G SUM and B SUM_ are calcyl ated.i s
[petlessThe rooeds ilustanted indAG2dg descrbed ﬁﬂeiff‘@ ip{grther detail in

. chromaticity of .the gra rld summary_jn.nroc i .
relation § 8B iexeBPHPRS CERASHERTE Pf JoF R &y etebrfg ah i eessing
is defin .follo . =R+ Mo + .
block 4a( ﬁi%mo_;ﬁgi%%ﬁ%gs gi%dte?lﬁzﬁgqg? }é‘g%ggaatfr%% & gSMO gray
" "%kiW‘?Gdthiﬂ, PHEdMRIVEIs FhiGtain Press,
See Thél_{%wt%?gﬁl\%@yéf%M + B_SLM.. I'n an exenpl ary
ISBN 0-83114@508@?} thetdiecllcblﬁm{tﬁftwhichyxg mccgiﬂog%m@mpgnéfﬁgce. Inan
suns up to one. In other words, + GV CG + GW.
exemplary embodishent of the inppngon avedy fhxel efithednpithimage 1s sampled by
pi xel -sel ection nmet hod nma enpl oy I N, processin
processipgduRrcia 42 foR BMEEFAHPTHIR 8 ¢ Fheabng o ot 2 AGiCity OF e color
of .pixels in the.i gl i vel t e block
craneigt By ST L SO 8 o 5 sing o
4a and tlﬁe%xg r‘ﬂ%\@/gﬁogal&hgte%@%hf&ﬂaﬁcﬁy 8L grafRvead subii@rfy in processing

by pruning, i1.e., excluding obvious outliers,
block 4bf$ UPhe ardth¥atity o€ die gaiyuwatidsumhmarydsuiisedend follows, the red

ully saturated col or objects, etc. An exenplar
value, GWu@iRvg RoSaRey/s(R_SUBavia_ByM trd3_1SoWbnte stiesn m%ae, HW_CG=
Initially, a pixel_ is selected (step 10) n-t,he
G_SUMEBLEVY 61 NG BrSauesard iy RBie Talieh GWIdGH 1 RS / (R_SUM
a I tatistic i f i [
«G_sUB S 8o B St teBefliiRutis o Bale YR stee
COmpOI’!%;‘l?SS Sﬁm@'t&y td Qhél.eln other words, GW_CR+GW_CG+GW_CB=1. It
should be appreciated that any known pixel-selection method may be employed in

processing block 4a, including but not limited to random sampling of pixels in the

image, or alternatively, any method or operation that tends to select pixels.

[0019] The accuracy of the gray world summary, can be further improved by
pruning, i.e., excluding obvious outliers, such as pixels near saturation, to compensate
for fully saturated color objects, etc. An exemplary pruning process is shown by the
flowchart in FIG. 3. Initially, a pixel is selected (step 10). In the exemplary pruning
process, a pixel is included in the gray world statistics, if a green value is higher than a
preset low value (LOW_GREEN_VALUE) and lower than a preset high value
(HIGH_GREEN_VALUE); the red value is higher than a preset low fraction



(HI GH_GREEN VALUE); the red value is higher than a

preset |ow fraction(LOW RED GREENJFRACTI ON) of the
wgnreenw7esakue and | ower than a preset high fracPCONS2006/047346

(H GH RED GREEN FRACTION) of the green value; and the

bl ue value is higher than a preset |ow fracUon

(LOW BLUE_GREEN FRACTI ON) of the green val ue and | ower

than a preset high fraction (H GHISLUE GREEN FRACTI ON)
of the green value. These tests are perforned in step
20 of FIG 3. [0020] If the pixel passes the criteria

t E@?@VFRA@M@IQ 05 thehreeR Gralge ard lowed thiwe preset high
(LOW._. ﬂm?ugg The pi xel gre a?& d to the grand total of

fraction (G REDNERERN S]FRAGT\I@]N'), oﬂ%hSLg\neeGVSle anshit® IguRy value is
and a valid pixel count, i?égnt ed (% $ I
higher tB) a presettlowsGheitor @L@w&w@m‘ﬂw& RQ[Of th green value

e SR o (Lop A e o AL e SRR e
f d 0 |
value. Hiesadetis PRodoHBEvR AR 20 B EIG ST o BTG 5 e P

performed until it is determ ned that the |ast pixel

[ligted Bbivel(s tHeaex, , and
@e?sﬁ ¢ egﬂzlsléﬁggeldr%aésghlgi SNt ligle (b@p 105 green, an

[f at step 20, it is determ ned
blue vallBabf tRephiet ate d@ded nothergednd hetabofied digcampbpentrespectively,
step 40 |s executed as descri bed above. [0021] Once it
R_SUMj &_8&M; anch BdSTUM arad geda@dtmebcmt CO A 1§§l1cr§mgé}ted (step
froman inmage for sanpling.(yes at ste e _co
30). If tb%lﬁ%lﬁé@ds@%‘?b% nptitBe ARst @IxelfOr sUR RS @t“cﬂ%ﬁl?rttﬁ% “2%"é Pxelis
selectedp{ £ rénﬂa%gag L & &%rlﬁfdétgﬁnhﬂt?% {%uﬂa‘f{)rrﬁgd' %&?(Step 20).

ual greater

The sarr?e %é?rra{tl%%a%t 33'3 €ad Qét@ﬁlb@kl%oifesv@ﬁw &Perehﬁe ¢BIT. 3,%are performed

eat er an the predeterm ned percentage
until it i@,fdett&%nirmdadhaﬁ HRDRIst pixel BEDE intixeles inahplgrdy waﬂd s[taktgshcs has
col or channel gains are deened valid (step. 60)
been selehtnd @tde40alIf ak ate@dZO it ip deterssingdabiat fire Riee g]mgpin@(gmeet the
to the imge data, G,, and Bi.. O herwise, the gain
pruning eritpstarsten HV i ‘#X@CHFﬂﬂi %Sn%es(?&bﬁfl MY el s remain

unchanged (step 70). It should be noted that step 50, -

L@eén? %géegnlrt% ﬁgt }éx}ug%) rlji:[?(ée gélgegt%gqﬁ%@f %‘f'atﬁ@ g%sct ixel from an
image B b&hpHIY GRS a08icp 469, R GMbPbAlnc@bytetOletdrmifiesmar step 50 if
COUNT is a predetermined percentage of the total number of image pixels sampled, for
example, equal to or greater than a quarter of the total pixels sampled. If COUNT is
equal to or greater than the predetermined percentage of the total number of image
pixels sampled, then the color channel gains are deemed valid (step 60) and should be
calculated in process block 4b and applied to the image data, Ri, Gi, and Bi. Otherwise,
the gain is deemed invalid and the color channels remain unchanged (step 70). It
should be noted that step 50, i.e., determining if COUNT is a predetermined percentage
of the total pixels sampled, can occur after channel gain is calculated, although it is more

efficient to make the determination before channel gain is calculated.



efficient to make the determ nati on before channel

gain is cal cul ated.[0022] The cal cul ation of the
woheotedsogai n i n processing block 4b (FIG 2) pevalSY®s/047346

around bal ancing the chromaticity of the gray world
summary against the . chromaticity of a predeterm ned

neutral white point. Chromaticity is defined in a

concept simlar to the knowmn Cl E XYZ standard observer
tri-stinmulus colorinetric system See "Col or Science
Concepts and Met hods, Quantitative Data and Fornul ae”
[gdz SZPkK Falpfithtiohn dBhe cWahAY] gdibBN fro¢édsifg B18cl34b (Fi§-. 2)

I'sclosure of which is incorporated herein by

revolves &Bﬁhﬁflfa@anéfﬁﬁ theebeorsatisioy of tspgty world spousary against the .
usual 'y not the same as the ClIE standard observer FinedS
chromati@tit 6fd préddtermiviect neitralwhifepsont. nebaRm@agichy is defined in a

cali brated agai nst_known |ight sources, begcause _c .
concept bahdack the lkqxyenddE X b4 %@% d q?l?sgﬁyﬁram-_s & ]Cglﬁ%%n etric
chromaticlty of Lhe neutr &§ éﬂﬁteﬁtﬁze@gﬁfmd‘ﬁgrmulae"
system. i%eﬁ’%ggépﬁ@ceﬁﬁg@geﬂﬁanﬁ%[eggéf er r@%at ion can be
aut omat iccal | Q73S Befid alsd@rpensevigichtise
by Wys?er?%b%négﬁli‘%sr W%%ggP%gggg%ggl§he lser s pr ef er ence, i
i iAtdfORnet. The ifkege sbhsafsperths reppors igtustially not
mcorpoﬁ%‘?h%gé}nm\% mrelt hod for selecting a neutral white :
the samP@k fhe TH shidisddbbsEheerc Afrematitealiwhie naiet abthe sgnsor needs to

white point is conprised of three co nents, .the re
be calibrebd agam_scknomligg'e@wva? becauge gplor, a?ﬁf‘elso‘il%en‘{anq on scene
~value, N__CB. In a preferred enbodi nent, the
illuminady omaticity of all three components suns up to one.
In other words, NCR + NCG + NCB 1. [0024] In a

rr ' : &1 Lt gopariadet@mmined in
@_@%ﬁs %}%gm@ﬁg&i%ﬁ%%%gssi ng bl gck 4b to fine
processfx’#"@]o‘i:ﬁ Q' aHied @ermilgtontdrnbe espenntically kalcudated as a spectral
chiannel sensitivity of the image sensor. G BIAS can hg ” ¢
responsRLifanBiinagk synsa préset based oh the sipercs Preferfiace gf greombination ©

channel sensitivity of the jnage senso r eset .
the twoorlt sheilddes ABPISCiated helanok NV EdRA I oL 388n L2 pEH ral white
) It shoul d he recj.at ed R t hodh fiBkised of three
point mgy kegsesh &%?@f%ﬂ?‘]{‘f}h ﬁgh%gé%%%ﬁe‘r% ma3 cgg used. P
components, the red value, N_CR, the green value, N_CG, and the blue value, N_CB. In
a preferred embodiment, the chromaticity of all three components sums up to one. In

other words, N_CR+N_CG+N_CB=1.

[0024] In a preferred embodiment, a system tuning parameter, G_BIAS, may
be used in processing block 4b to fine tune the rendered image with respect to the color
channel sensitivity of the image sensor. G_BIAS can be automatically calculated with
respect to the color channel sensitivity of the image sensor, preset based on the user’s
preference, or a combination of the two. It should be appreciated that any known

method for selecting a system tuning parameter may be used.

[0025] In an embodiment of the present invention, green channel gain,

G_GAIN, is calculated as a function of the chromaticity of a neutral white point (N_CR,

7



[0025] In an enbodi nent of the present invention,
green channel gain, G GAIN, is calculated as a
wouoaniareso2of the chromaticity of a neutral whi PETASRVGE/047346

(N.CR 46 NJZG N CB), the chromaticity of the gray

world summary (GW CR GW CG GWCB), and an opti onal

systemtuni ng paraneter (G BIAS). Rather than

i ndependently cal cul ating the red channel gain, the

red channel gain is calculated as a function of the

green channel gain. Finally, the blue channel gain is
N_CG, N¢ @E?E“d?é &t oasatiifyUitheqitagfwdild suesmanyl (GVéeGRe bdMnels,

- gaiis. 1 n one enbodi rent of the invention, the above

GW_CB)&fd iaangstigresl apstenr suriing pasetheter alBldS Rather B

for each color channel in processing block 4b as

independaitiyovalculgiingrthe cvd cBantegais, the T ehangel gpims calpylated as a

+G BI AS GWNV.CR CG ( I N.R - + .G.-

sancon R greremosbpor- b s i Ut bR s e e
. _calculations of the c i Beididrdratlelifvention, the
function G K xéd 6 Stn RIS ¥ HRS TS TRge vention
ORLd 7@t anaatulb®é fse ¢dibgor eadt sble channel in

abovern%%ﬁ%ﬁ%%@%%%ﬂggﬁi?é?@ﬁg? t he calcula%ions of Equati ons
processix(é—blo&kzdb a@ffildwi: and the fol I owing recursive

cal cul ations, which can be Lg%eat e% many tines as

(

desired;, ( _GCR R+ L *B _ GAIN) +G_
M gas (4F«§('_%&TN N_ ORGRV+NCEB G-GBBIRAS QN GG GW CB

GW _CG

e GAIN+GW_CB

@ R_GAIN=—"3"CG+N_CB
GW_CR  GW_CG

® 5 oy~ R GAIN _G_GAIN

N _CR+N_CG

[0026] A preferred embodiment recursive calculations of the channel gains
are performed in processing block 4b, allowing for more complete normalization of the
channel gains. The recursive calculation consists of the calculations of Equations (1), (2),

and (3) and the following recursive calculations, which can be repeated as many times

as desired:
 (GW _CR*R_GAIN)+(GW _CB*B_GAIN) + G _ BIAS
@) G _GAIN'= N _CR+N_CB+G_BIAS
GW_CG  GW _CB
. G_GAIN B_GAIN
) R_GAIN'= N_CG+N _CB
GW _CR GW _CG
©) B cam=R-GAN G_GAN

N_CR+N_CB



(5 RGAIN=- IN+B GAINNGCG+N _ CB GWCR GWNCG +
(6) B GAINR- GAING- GAIN N CR +N CB[0027] In a
woneirarome enbodi nent, the channel gains cal cubarag2006/047346
ei ther Equations (1), (2), and (3) or Equations (4),
(5), and (6), now represented as R GAIN, G GAIN,
B GAIN for sinplicity, are nornali zed in processing
bl ock 4b to nininize the variation of the |uninance
signal while maintaining the ratio between the col or
channel gains. Since the ‘green channel constitutes the
201 i t Vinaf pieferred intioatienaitgytied charrel gainatalonlaged irheither
um nance sl gnal is mnimzed by setting the green
Equatnomlse(ih)) ¢2), gadn(3) or Eqatiods (He (3)eand @hneW Q%I?I‘@S%@dt%ﬁeR GAIN,

h I
G_GATNWB. CAIS forsiomiriBere Eé?r'néii%a R pracosRing Livsh ) Sminimize the
vanatlog@q%ie ll%mlnég a%%}%mg}lé{ IS hed 1{17)th&%%¥\/b9§&g$ )tl\}uBcelor channel
r
gin. 4708 i LA bR P ol e e

variatict 'S¢ t‘i‘\%slﬁ'iﬁl?ﬁﬁc@ al & ﬁnﬁ%@i@e&% &fAA6tthy elryeradharaiel gain to 1.0
d?ﬂe signal's b%ﬁ and Bi in pr}{)cess?ng %:rock 4 to 5

and thefedditcurtid gafﬁ Sndeﬂl;le Bhie dnohrigh gak‘oareslraq:glcelle;nedtwhde maintaining

snapshot applications, the derived channel .gains c
the ratibbetywpen doe ted, graen, and blue channel gains. This is accomplaglied by

) G_GAIN'=1.0

®) R_Gam=R=CGAN
G _GAIN
©) B_GAJN'-:M
G _GAIN

[0028] In a preferred embodiment, the red, green, and blue channel gains
calculated in processing block 4b and described above are used to respectively adjust
the signals Ri, Gi, and Bi in processing block 4 to produce signals Rb, Gb, and Bb. For
single picture snapshot applications, the derived channel gains can be applied for the
subsequent color processing stages. For video applications, where video data flow
needs to be continuous, the new channel gains for each frame can be stored in
processing block 4c and can be applied for the next frame. If a smoother transition is
desired, a low pass filtering of the channel gains can be implemented by storing
multiple past channel gains and performing a low pass filtering of the past and current
channel gains. The low pass filtering can be implemented by a running mean or
moving average filter, as shown in processing block 4c. It should be appreciated that

any known low pass filtering method may be used.



subsequent col or processing stages. For video
applications, where video data flow needs to be
woani7ionesors, the new channel gains for each fra0B/USa006/047346
be stored in processing block 4c and can be applied
for the next frame. If a snoother transition is
desired, a low pass filtering of the channel gains can
be i nmpl emented by storing nmultiple past channel gains
and performng a |low pass filtering of the past and
current channel gains. The |ow pass filtering can be
[OIP?‘H empt ﬁ%éﬁ%rénf HBH # dRAR ddschiptiong the eragéion achieves
er, as own 1 n processing block 4c. It should be A
significarftRRIGCbARALe B Btrattideoent, bodvis pelstivelyl eassi iRgTHEIERNE: A9 2
may be used.[0029] As is apparent fromthe above
result, colteSAlhAté Brachidreed ivasivhple acheifig@ntdPgANFi-cant col or
bal ance, is straightforward, and is relatively easy to

i pl t. As It | bal o : _
o= s Ao i Oy SRR SRR 8 hvct aeey

tes
~an exenplary i i ng_devj ' £ ¥et;. Br Thy FIG. 4
240 Smtablﬁ)f%tﬁrpé{b‘ﬁ%‘gf%?%Pg?ﬁsg}%gﬁ%%%qgg?cglgggﬁlﬁ%; Bi | | ustrated

.. in bl ock f Thed Bt&audes REG) Bgpitelougput signals. Row
imaging éiﬁﬁ}cﬁyesm_g ayaerﬁgﬁﬁ ft]dé?r andEpro%Iuces R, ,%p B, pixel
lines of tRULRHEy SiERRI seledRely hotbsated Myherawrdrfvexbiipineresponse to row
sel ectiively activated by a row driver 245 |c{1 rgsggzagre also
address d8cddy ZFHAr & seluanatierer2%, ansl e adfressrdesss e )
I

dd decoder_ 270 ar, ' d j i
included FeiiligragvEsieEO0UTHEN HEGIG GRUFt B0ab0  elefd BY fhg timing

S oper

by the tipming,and cqntfr et 56 N Ntk®kSntrol
and contrbleiggit 299 Wbeaupstrolsahe §yf ik cBard 05527 IO Lo
o sp _contr gl r dirtdBEy QU5,Q60t ry 245,
circuit 2%&)30[@5%1}1%%1 ég%pylagl\ﬁaﬁdggﬁg?gﬁgi@ ?ch tﬁ?él associ at ed

with the colum driver 260 reads a pixel reset si g;g* . 60
[‘dpé‘d]han@ sarbkeind ROl cistginab] ussaridterd withabe calyppdfEver 2
or t

reads a gﬁ«gu?{mg :s;g%n %ﬁ%g%ﬁﬁ%ﬁ%ﬁ%@% \F’Eéfsé%%ﬁ%}%sof the
array 240ADCy A Fatestiah 1B W ik oy ghKeLh el Fhpliier 262 for
each pingiopd 19 Qg F}g’iﬁ(r%a% gggﬁiggsg?%ﬁémﬁ@ €IS Thed %31210 g-to-
digital OnYerr: %75 %%Bpli}x@§ tie E{giﬁk@d pixel signals to an image processor 280
which forms and may output a digital image. The image processor 280 has a circuit
(e.g., processor) that is capable of performing the color balance processing (FIG. 1, block

4) of the invention on pixel array 240.

[0032] Alternatively, the color balance processing can be done on the analog
output of the pixel array by a hardwired or logic circuit (not shown) located between
the amplifier 262 and ADC 275 or on the digital image output of the image processor

280, in software or hardware, by another device.

[0033] FIG. 5 shows system 1100, a typical processor system modified to

include the imaging device 300 (FIG. 4) incorporating the color balance methods

10



(e.g., processor) that is capable of performng the
col or bal ance processing (FIG 1, block 4) of the
wonvenroma on pi xel array 240. [0032] Alternat PCEIUS2006/047346
the col or bal ance processi ng can be done on the anal og
out put of the pixel array by a hardwred or |ogic
circuit (not shown) |ocated between the anplifier 262
and ADC 275 or on the digital image output of the
i mge processor 280, in software or hardware, by
anot her device. [0033] FIG 5 shows system 1100, a
. Lypi.cal 25 S {8 0OFlsf dx@ehpiary BE hugetdrhdaving digital
accordlrﬁ%tg)gtﬁ%éngée@?ﬁ- %S%I G gi)yﬂ%snécor p%r a}:i ng ?ﬁe col or & ‘g
circuits t?% 86‘&1%1 ARG FAGEe LEhART devitdse Withent being ihgtingssuch a system
I's exenplary of a systemhaving digital circuits, ..
could intille £@thukaicéystem) sl er videneariend SsseTPEHBIRT, BECHS VISIon,
limting, such a systemcould include a conputer
video plsotsd, enyl asttblfbcus sysdtewn ot 2RRTdMARSE ERftethinner, nachi ne
vi sion, video phone, and auto focus system or other

i mger syste 034 tem 0 1 .
0934 a émgﬁigiggf g%arx%geo%a}lg‘\égas s%sftcgréihg?gw & émprises a
[OCESS) Nd 25 aSHEROBRORs4BIS HUH @BRBsRlicates with
central gonession MUl F109 <hif2s o o1 ovi ce
i adHee 1166 overapupd10evimeagid@Oderise 300 also
anmput'géﬁﬁ{}%?(g/g)es Wi ? h the CPU 1102 over the-bus 1104. The
commuicRERS6iTh tha GRU 6P evet figobas $104. iBhepeRcesspitbafed system 1100

access nenory (RAM 1110, and can incl ude .renmovabl e
also incheles rgndanbacceess MeIBOFY G%@W%Sﬁn‘aﬁ?% inclpds removable memory

communi cate with th U 1102 aver T b
1115, Sumﬁiﬂ?@hd%QF\?éYQU%“%ﬁﬁ SB&, nicate W&Hﬁhﬁg@%m g%%ZO?’@er the bus

1104. Tﬁ,ggz?\ggfrgdg\%ge 3o %@be%bﬂﬂﬁhecﬁ’ LABE 8 b ced¥or, such as a CPU, digital

essor, W or W thout nmenory storage on a .
i LAGL Sy IR LRGE8bRSLeabHG With 6F withautdhémergstoraigiprt A simgle
Slgnall:"tsthé}%processor.I{E)[0035] Wil e preferred enbodi nents of
integrafeB&itcaytesnt dwa disfeeedtodp dleat idprbcea®bri | | ust r at ed
above, it should be understood that these are
exenmpl a% of the invention and

(09351 de V¥ hilg preferred ﬁg}bo,glémegﬁsa%; r}%{?{‘ﬁgﬁg vgrllaeen described
and illﬁr??%%?%ﬂc@@%gé%gﬁﬁ?gﬁﬁéh Ae3Ghidestel dken@PIRes bk @e invention
and are not to be considered as limiting. For example, although an exemplary
embodiment has been described in connection with a CMOS image sensor, the
invention is applicable to other electronic image sensors, such as CCD image sensors,
for example. Additions, deletions, substitutions, and other modifications can be made
without departing from the spirit or scope of the invention. Accordingly, the invention
is not to be considered as limited by the foregoing description but is only limited by the

scope of the appended claims.
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invention is applicable to other electronic inmage

sensors, such as CCD i nage sensors, for exanple.
wdddi7taresos, del etions, substitutions, and ot hePCT/US2006/047346

nodi fi cati ons can be nmade w t hout departing fromthe

spirit or scope of the invention. Accordingly, the

invention is not to be considered as limted by the

foregoi ng description but is only Iimted by the scope

of the appended clains. CLAIMS [0036] What is clained

as new and desired to be protected by Letters Patent

of the United States is: CLAIMSet hod of performng a

col or bal anci ng operation on input image data.tram an
[0036ge S&haois clauned iasiney’ ehd destred §p beroterted Tbﬂgin%t?%‘? Patent
worl d statistics for the input inmage data having col or

of the Urdteghh@tes 1scal cul ati ng col or channel gains for the
i nput i mage data based on the gray world statistics

ia d a S]iil%t %lg c‘é\‘“ré%r‘??ﬁﬁir{gé 81X Haiélﬁtﬁ@ F%fh&idrh@niiﬁput image

ge ut pu mage by appl the col or

| 251550 HaFPRGihE\Re Gelswt: channel s of sai d
datafr%%%ﬁh%%e&ggt a. 2. Thegrret hod of claim1, wherein

the act of calculating gray world statistics further i
conpri ses qaleulatingtgray promddl stafistigs for el iepnaimage daga having
gray world statistics based on predeterm ned criteri a.

3. The netdeder diaried$;m 2, wherein the act of pruning
further conprises pixel selection for inclusion in the

gray world statj.stics bas r d}iig{hg%r@aﬂaqygsedon

threshol d R?i?‘ﬁéé“ﬁoﬁ" %ra%h cgﬁg?ﬁl@gg%& . p4. The met hod

of claim zme%ﬁg%&lhrﬁa@éﬁcs%d% HBig] fitehgsint; and

conprises a determnation if the total nunber of _

pi xel s conplying with the predetermned criteria )
transforming the input image data to an output image by applying
the color channel gains to respective color channels of said input

image data.

H
A

9 The method of claim 1, wherein the act of calculating gray world
statistics further comprises pruning the pixels used in calculating the gray world

statistics based on predetermined criteria.

3. The method of claim 2, wherein the act of pruning further comprises
pixel selection for inclusion in the gray world statistics based on a range of high and

low threshold values for each color channel.

4 The method of claim 2, wherein the act of pruning further comprises a
determination if the total number of pixels complying with the predetermined criteria
is a predetermined percentage of the total number of pixels considered in the

calculation of the gray world statistics.

12



is a predeterm ned percentage of the total nunber of
pi xel s considered in the calculation of the gray world
wetead7igbioes. 5. The nethod of claim 1, wherein PO®/UBEE06/047346
of cal culating the col or channel gains conprises using
a systemtuning paraneter to fine tune the output
image wth respect to the color channel sensitivity of
the i mage sensor. 6. The method of claim 1, wherein
the act of calculating the color channel gains further
conprises the act of recursively recalculating the
channginegakihod It clahn Irethadirothecichiofcalculating the epler channel
color channels are red R green G and blue B and the th
gains copiptiseshaingb syatans tanngparamneies i HOESHBE Hof LY PEAERee W
GWCB ff_CR +N.CB GNVN- CG +ONCB R b AIN= G GAIN, and
respeciNo {BEl@RIeWMERsaiEE N OIERCINAEESIHE e G GAIN is a
gain for a green channel R GAINis a gain for a red
channel, and B, GALN. i ' | @RR@hé color channel
Gy cr INeAp ,Oﬁﬁcﬂﬁ&%@%ﬁ&gﬁaglﬁgﬁgﬁcity of the
. r worl d. IV ; GRulant thdcharapsl gadmng.
gams [—?H%}é‘gﬁ:?g{ré?s?e§% a%% O?E%ur%%yaf\écv\hi te point. 8. The
met hod of claim 7, further conprising the act of
[ @CUT SiAkeinetiead of bhafiinnly whereih finnedlog aharnels are red s green G,
OKALJI r, - GW _
and blue B and the color channel gains are calculated according to:

oy < G _CR+GW _CB
e " N _CR+N_CB ’

GW _CG
G_GAIN
N_CG+N _CB

+GW _CB
, and

R_GAIN =

GW _CR  GW _CG
R_GAIN G _GAIN
N_CR+N_CG

B_GAIN=

where G_GAIN is a gain for a green channel, R_GAIN is a gair{ for a red channel, and
B_GAIN is a gain for a blue channel; GW_CR, GW_CB, and GW_CG represent
chromaticity of the gray world summary; and N_CR, N_CB, and N_CG represent the

chromaticity of the neutral white point.

8.  The method of claim 7, further comprising the act of recursively

calculating the channel gains as follows:

(GW _CR*R_GAIN)+(GW _CB*B_GAIN)
N_CR+N_CB

G_GAIN'=

GW _CG  GW _CB

G_GAIN B_GAIN
"= = = , and
R_GAIN'==—0"CG+N_cCB

13



©_ - C-R-*-R -- GA- IN-- ) + - (-
WCB*B GAIN) . N CR+N CBGW CR GV CG B GAI N =

G -
wG26007@%32 N CR +N _CB R -

GAI N
PCT/US2006/047346

GW_CR  GW _CG
R_GAIN G_GAIN
N_CR+N_CB

B _GAIN'=

where G_GAIN' is a recalculated gain for a green channel; R_GAIN is a recalculated

gain for a red channel, and B_GAIN' is a recalculated gain for a blue channel.

9. The method of claim 1, wherein the color channels are red R, green G,
and blue B and the color channel gains are calculated according to:

GW _CR+GW _CB+G _BIAS

G _GAIN =
N_CR+N_CB+G_BIAS

GW _CG
G_GAIN
N_CG+N _CB

+GW _CB

R _GAIN = , and

GW _CR GW _CG

R_GAIN G_GAIN
N_CR+N_CG

B _GAIN=

where G_GAIN is a gain for a green channel, R_GAIN is a gain for a red channel, and
B_GAIN is a gain for a blue channel; GW_CR, GW _CB, and GW_CG represent
chromaticity of the gray world summary; G_BIAS represents a tuning parameter; and

N_CR, N_CB, and N_CG represent the chromaticity of the neutral white point.

10.  The method of claim 9, further comprising the act of recursively

calculating the channel gains as follows:

G GAHV.,__(GW_CR*R_GAIZV)+(GW_CB*B_GAJN)+G__BIAS
- N _CR+N_CB+G_BIAS ’
GW_CG+GW_CB
R_GAHV,=G_GA1N B_GAJNIand
N _CG+N_CB
GW_CR+GW_CG
B_GAHV.=R__GAIN G _GAIN

N_CR+N_CB

14



where G GAIN is a recalculated gain for a green
channel; R GAIN is a recalculated gain for a red
woheotedsozand B_GAIN is a recal cul ated gai n f ecTaskioa®47346
channel. 9. The nethod of claim1l, wherein the color
channels are red R, green G and blue B and the col or
channel gains are cal cul ated according to: GWNVNCR +GW
CB +G BIAS G GAIN =- NCR +N CB +G BIAS GWCR GWCG +
N CR +N CG where G GAIN is a gain for a green channel,
R GAINis a gain for a red channel, and B GAINis a tated
i r.a blu i MR el AROIGANNTEs a recalculate
where Egé]%égn]ts acﬁ'?rcgf%’%%a[% ugf%g%er ay V\orl}gmgurr%gr yq;h .
. .G B r Mg reaileulatet gaianfdbr 4 IddRe ajagpel-
gamfoéﬁoljeﬁ_ réagfaggfe%f@fahgmchr omaticity %f t he neutral
white point. 10. The nethod of claim9, flirther lor channel
qeNpr i hetisd af tlai ¥, ochereiy tigactaf calatrigs {ig color chann

channel gains as follows: ( CR* *
gains fGAHNY cob\BIiAS tBe@at Rf aorméﬁzmg%el\‘ra?%@é@ %?@Fﬁg ’
GWCG GNV. CB Rn GALI TN =- G =GAIN + B =GAIN and, N _CG
+N_CBwhere G GAl .S AT, I tLifaihe ber ofnarreeliving the
dfann ,eﬁf&?%oﬁcglgﬁéggf%ﬁfgéggﬁgai% for a red
calcul%tggfﬁ%g'?g 05 B GAINs follodve: ecal cul ated gain for a blue

G _GAIN'=1.0
. R_GAIN
! R_G "~ G_GAIN
. B_GAIN
B_GA]N—G_GAIN.

13.  The method of claim 1, further comprising the act of filtering the

calculated color channel gains with a low pass filter.
14. The method of claim 1, further comprising the acts of:
storing a predetermined number of color channel gains; and

calculating the color channel gains by averaging the predetermined

number of stored color channel gains.

15. The method of claim 1, wherein the input image sensor is part of a video

camera.
16.  The method of claim 1, wherein the input image is a RGB image.
17. The method of claim 1, wherein the input image data is analog.

18.  The method of claim 1, wherein the input image data is digital.
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11. The nmethod of claim 1, wherein the act of
cal culating the col or channel gains further conprises
woheo7actsoof normal i zi ng the cal cul at ed channel Pg&iUS2006/047346

12. The nmethod of claim 11, further conprising the act

of normalizing the cal cul ated col or channel gains as
follows: GG4 V=1.0 L GAINR - GAIN G GAJN B QAIN-=

B- OQAIN. G GAIN 13. The nethod of claim1l1, further
conprising the act of filtering the cal cul ated col or
channel gains with a low pass filter. 14. The nethod

cl aim; HE R SR RS 6t Balfrici®d 8pkftich on input

S{rgédet éﬂ#x}}aéiﬂ%u (le?é:of cégﬁg?ggg}ﬁﬁgl gai ns;ﬁéang P
imagel@ta Ykl fifirhBge SOAS, SdidiReicegaimpribingaver agi ng the

predet erm ned nunber of stored col or channel gains.

15. The nmethod of claim1l, wherein the input inmge

sensor is paircuiffon vi deo canera. 16. The net hod of

claim1l1l, wherein the input image is a RGB imge. 17.

The nmethod of claiml1, wherein { L ORUL . '

anal og. 18. Thec%gm?(ﬂf‘%raé'l ‘QPW{IS,%&%@ R gzn?’#pﬁ?ég% data

i mge data is di[ln %_% &13rcﬁ$‘miléf§~gi ng devi ce for

perform ng a color fanC|ng Operation on input inage

data from an i mage sensor, said device conprising: a

circuit for: cakglkubitif@cgloayhamnélgahafostiedapiibimage data

i nput i mage data havi ng col or channel s; . )

based on the gray world statistics and a neutral white point;

and

transforming the input image data to an output image by
applying the color channel gains to respective color channels

of said input image data.
20. The device of claim 19, wherein the circuit is a microprocessor.

21.  The device of claim 19, wherein the circuit for calculating gray world
statistics further prunes the pixels used in calculating the gray world statistics based

on predetermined criteria.

22.  The device of claim 21, wherein the circuit for pruning further selects
pixels for inclusion in the gray world statistics based on a range of high and low

threshold values for each color channel.

23.  The device of claim 21, wherein the circuit for pruning further comprises
determining if the total number of pixels complying with the predetermined criteria is
a predetermined percentage of the total number of pixels considered in the calculation

of the gray world statistics.
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cal cul ating col or channel gains for the input inmage
data based on the gray world statistics and a neutra
wohid/@7goent ; and transform ng the input | nmagePdaua2a06/047346

an out put image byapplying the col or channel gains to

respective col or channels of said input inmage data.

20. The device of claim 19, wherein the circuit is a

m croprocessor. 21. The device of claim 19, wherein

the circuit for calculating gray world statistics

further prunes the pixels used in calculating the gray

\_"r%i.l d §haldestdeSst damedoowheegaahe cificngtfos chlcedating B color

e device of claim2l1, wherein the circuit for o

chanri YRiMdiddifirkenhe eepuisirageidt oespienttadientelon channel sensitivity

gray world statistics based on a range of high and | ow
of thetiagweindomal ues for each col or channel. 23. The

device of claim21, wherein the circuit for pruning

furth [ det i i if the t I
ol o2 deL S DG L TR S colcr
det ' d b f pi I
cnana S0 S DR R Bl Sty lpocr of ol el <

statistics.24. The device of claim19, wherein the ,
ChECUI trHeiev@ s04181hNY, Wikren e hendeinrgds ase fddB, green G,
tunes the output inmage with respect to the col or

and bihé@Bnald grnsilot dhdnnedfgaideaienmd@ilstadsarcordmg thie
device of claim19, wherein the circuit for
cal cul ggi gy e TBLdeR cfaftnet Byai ns recursively
recal cul ates t he NhabRelNgaikhs. 26. The devi ce of
claim19, wherein the color channels are red R green G
and bl ue Band t H&"cof&  ehpnnep gains are cal cul at ed
aCCOYdI}Igg Ct;lgmg@glcmma/\/_ CR +GA\41HCB ,

N_CG+N_CB '

GW_CR GW_CG
R_GAIN G_GAIN
N_CR+N_CG

B _GAIN=

where G_GAIN is a gain for a green channel, R_GAIN is a gain for a red channel, and
B_GAIN is a gain for a blue channel; GW_CR, GW_CB, and GW_CG represent
chromaticity of the gray world summary; and N_CR, N_CB, and N_CG represent the

chromaticity of the neutral white point.

27.  The device of claim 26, wherein the channel gains are recursively

calculated as follows:

(GW _CR*R_GAIN) +(GW _CB* B_GAIN)
N _CR+N_CB ’

G_GAIN'=

GW _CG , GW _CB
G_GAIN B_GAIN
N_CG+N_CB

, and

R_GAIN'=
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NCR+NCBGW- CG+ GWCB RGANG- GAINI-, and N
_ CG+tN CB GWCR GWCG -+ B QAIN=- R aAWG - GAIN N
wGaRN/0@Bodhere G GAIN is a gain for a green chRomais2006/047346

R GAINis a gain for a red channel, and B GAINis a

gain for a blue channel; GNCR, GWNCB and GWNCG

represent chromaticity of the gray world summary; and
NLCR, N CB, and N CG represent the chromaticity of the
neutral white point. 27. The device of claim 26,

wherei n the channel gains are recursively cal cul ated

as fol l ows: GLP WHERCIR GM/N) CGAW CB* B GAIN) COr

LrAliS ~, NCR VoCa W CB RD GALINt' =- G =
GAIN + B_=GAINY= , A GV CR GWV. CG N_CR +N
CB where G GAIN i<CRYE 4t ul at ed gainfor agreen

ners RS TSPl B SR P B e ggatcutced

gain fot} a reci ¢hannel, and B_GAIN' is a recalculated gain for a blue channel.

28. The device of claim 19, wherein the color channels are red R, green G,

and blue B and the color channel gains are calculated according to:

¢ cun oG _CR+GW_CB+G_BIAS
- N _CR+N_CB+G _BIAS

GW_CC . ow cB
G _GAIN -

R_GAIN === , and
- N_CG+N_CB

GW _CR GW_CG
R_GAIN G_GAIN
N_CR+N_CG

B _GAIN=

where G_GAIN is a gain for a green channel, R_GAIN is a gain for a red channel, and
B_GAIN is a gain for a blue channel; GW_CR, GW_CB, and GW_CG represent
chromaticity of the gray world summary; G_BIAS represents a tuning parameter; and

N_CR, N_CB, and N_CG represent the chromaticity of the neutral white point.

29.  The device of claim 28, wherein the channel gains are recursively

calculated as follows:

(GW _CR*R _GAIN)+(GW _CB*B_GAIN)+G _ BIAS
N _CR+N _CB+G_BIAS

G _GAIN'=

GW _CG  GW _CB

2 oanve G_CAIN B _GAIN
- N_CG+N_CB

GW _CR GW_CG
R_GAIN G_GAIN
N _CR+N_CB

B_GAIN'=
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28. The device of claim19, wherein the col or channels
are red R green G and blue B and the col or channel
wganTg7esoe cal cul ated according to: GW CR +GW €BTAS2006/047346

BIAS G GAIN - N CR +N CB +G BIAS GWCR GWN CG B GAlI N=

R GAINGGANN _CR+N _CG where GGAINis a gain for

a green channel, R GAINis a gain for a red channel,

and B GAINis a gain for a blue channel; GNCR GWCB,

and GW CG represent chromaticity of the gray world
summary; G Bl AS represents a tuning paraneter; and

L CRA TN § regs Qirebh @hahhEPR IGATN' i8fa tdealculated
Wherem&%&%ﬁrgé%%ﬁﬁﬁﬁ% g%H Thergdrgvi ce of claim 21% : e
gain e Fé‘cf PhifiSe]C HRA Be G NS adeealcabited igadh yorcabbud chasthel.

as Tollows: , Ar (GWCR*R GAIN) +(GW CB* B GAIN) +G

BIAS Cr CAIN==, N _CR +N.CB +G BIAS GWN CG GW CE

Ry0. GAl Thib Gevice-of dBAMNI Bwistiein thegdcuiry faxsalgplating the color

_CBwhere G GAIN is a recal cul ated,gain f reen -
channehgaime|furtReGAprprises girceity £ PQFEgligs; ngﬂr’C“gatg%& annel gains.

channel , and ?ﬁGN N is arecalculated gain for a blue

channe - ev| ' ; it izi

c?ﬁc ui JH‘? %%8 e Icg%_ a? @nfg&?%er %é’g%‘ %1? iy an%cgillagafibg g ormalizing the
calculg{’ﬁrdt&ﬁ[)r gg@ﬁélﬁ%gégﬁﬂﬁy to normalize the

calculated charthel gains. 31. The device of claim 30,

furtheiG cagiM'sildg circuitry for normalizing the

R cam=R=C4AN
- G_GAIN
B can=2=G4N
- G _GAIN

39,  The device of claim 19, further comprising circuitry for filtering the

calculated color channel gains with a low pass filter.
33.  The device of claim 19, further comprising circuitry for:
storing a predetermined number of color channel gains; and

calculating the color channel gains by averaging the predetermined

number of stored color channel gains.

34. The device of claim 19, wherein the input image sensor is part of a video

camera.
35.  The device of claim 19, wherein the input image is a RGB image.
36. The device of claim 19, wherein the input image data is analog.

37.  The device of claim 19, wherein the input image data is digital.
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cal cul ated col or channel gains as follows: G

|.ORGADr R- GAMG GAINB GAp B - GAIN . GTGSfKNSZ.
woheodessoee of claim 19, further conprising Ci PCUIUSR006/047346

for filtering the cal cul ated col or channel gains wth

a low pass filter. 33. The device of claim19, further

conprising circuitry for: storing a predeterm ned

nunber of col or channel gains; and cal culating the

col or channel gains by averagi ng the predeterm ned

nunber of stored col or channel gains. 34. The device

f _ - . . _
35,7 aab velarispip S5 el Qe (JOPPaRERags opppEi peinput

. t ' Is ' i F i e devi
HnaBEéﬁﬁ?ﬁ@?@?“&¢ﬁ§5§%$aﬁ %E§§%ﬁﬁﬁgﬁ§3§§§2?2 i's angﬁogf 37.

The device of claim19 wherein the input inmge data is

di gi t al . 3§neAhaicanaiagating graghwtorkstedishiss for@iegpput image data

bal anci ng operation on input image data from an image

sensor, sdavingicolarsignnsishg: neans for cal cul ati ng

gray world statistics for the input inage data having

col or channel s;

! neans .for cal cu ' | .
g ;’:ll ns f or mgans ffﬁ.‘ﬁﬂ?%}a%g 88{05 (%\%.éﬁélgp%%igtsﬁ[e)r g?%gﬂﬁw,{otrllrraage data
statistics,ang ¢ ﬁ?euéfai‘r] wihlitsta iR Blan®Atheutral white point; and
means for transforming the input image data to an output image

by applying the color channel gains to respective color channels of

said input image data.

39.  The unit of claim 38, wherein the means for calculating gray world
statistics further comprises pruning the pixels used in calculating the gray world

statistics based on predetermined criteria.

40. The unit of claim 39, wherein the meaﬁs for pruning further comprises
pixel selection for inclusion in the gray world statistics based on a range of high and

low threshold values for each color channel.

41.  The unit of claim 39, wherein the means for pruning further comprises a
determination if the total number of pixels complying with the predetermined criteria
is a predetermined percentage of the total number of pixels considered in the

calculation of the gray world statistics.

47.  The unit of claim 38, wherein the means for calculating the color channel
gains comprises using a system tuning parameter to fine tune the outputimage with

respect to the color channel sensitivity of the image sensor.

43.  The unit of claim 38, wherein the means for calculating the color channel

gains further comprises the act of recursively recalculating the channel gains.
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means for transform ng the input inmge data to an
out put i mage by applying the col or channel gains to
woes@actioze col or channel s of said input | nagePdas2006/047346

39. The unit of claim 38, wherein the nmeans for
calculating gray world statistics further conprises
pruning the pixels used in calculating the gray world
statistics based on predeterm ned criteria. 40. The
unit of claim39, wherein the neans for pruning
further conprises pixel selection for inclusion in the
948y W?f.la ‘an?‘t{ & d15ih 88, W2EeEinahe ansaRgRrahldhilghing tie Foler channel
threshol d val ues for each color channel. 41. The unit

gains BhrihbAbdMPPiseyhiar sitibftiitenimaisg toe cgcukited channekgains.
conprises a determnation if the total nunber of
pi xel s conplying with the predetermned criterja.is
piedet FheiumstioharizadBaferther aBPESING MSARD EOT éjffeﬁf‘%etﬁg
considered in the cal gul ati on ogﬂ$he gray world

calculeted relor €ganngl gampewiHh 1O RASS* S8, "wherein the
nmeans for calculating the col or channel gains
C ri s _usi . j hﬂgﬁkgbs&@mfine t une
tggpou ﬂupgggggﬁﬁ¥%i?@%%gg?ﬂ%ggﬁhe col or channel '
sensitivity of the imge sensor. 43. The unit of claim
38, wher ei Bdrlify apasdeteaminel nubdtdrng cole dwingel gains; and
channel gains further conprises the act of recursively

recal cul ati ng the channel gains.44, The unit .of ¢l ai .
38, wher ei malchlatingathse ¢der glaq:.rgtﬁlﬁail%by R¥eTAFINE thie prggietermmed

channel gains further c ri ses the of normali zing
t he cal cul ﬁ‘flé‘&b%qﬂf{]?ﬁ%?ecgé@ﬂg?ﬁﬁ@?eq‘ﬁ@%ni t of claim
further conprising neans for filtering the

38,
23?9U|@hﬁﬂnﬁ@é%@yéﬂ&%ﬂﬂﬁhpﬁﬁﬁﬁﬁ with a low pass filter.

Thé unit®of “claim 38, further conprising neans
for: storing a predeterm ned nunber of color channel
gai ns; and agsikelamby figr phevidingimegemigalsjai ns by
averagi ng the predeterm ned

a readout circuit for reading out image signals; and

an imaging device that performs a color balancing operation on
input image data determined from readout image signals, said

device comprising an image processor programmed to:

calculate gray world statistics for the input image data

having color channels;

calculate color channel gains for the input image data based

on the gray world statistics and a neutral white point; and

transform the input image data to an output image by

applying the color channel gains to respective color channels

of said input image data.
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nunber of stored col or channel gains. 47. An inmager

system conprising: a pixel array for providing i mage
weizgralresoza readout circuit for readi ng out i MRQE/US2006/047346

signals; and an imagi ng device that perfornms a col or

bal anci ng operation on input image data determ ned

fromreadout inage signals, said device conprising an

i mage processor progranmed to: calculate gray world

statistics for the input inmage data having col or

channel s; cal cul ate col or channel gains for the input

| qRge dﬁ'{ﬁisﬁ?ecfﬁ%s‘iﬂ cdifh 87 i | BnSiddingld SoceBsbrefor receiving

neat r al I“te point; and transform the input imge

an outphifof aidn Wdeivirege by applying the col or channel
galns to respective color channels of said input image

data. 48. The systemas in claim47, further conprisi ng
a4pr oc sBisosystem afetainvARgvherein the acio! edratipgggmy world
devi ce. 49. The system of cLain147,,mhe&&hn.th??act of orld
statistigs futher pemgriags ReMnigesthgmixels used Jparlaing Fe gLy W
. gr uni ng, t he pixel s .us(?d .'tn.cal culating the gray world
statistics bpeqd pu PIEdRETBINGT ST W mi ned criteria. 50. The

system of claim49, wherein the act of pruning further

CQEPr i SASe NXSh SISt 19 whetfeihtRE Wst OMpiuhihggugtiiy comprises
worfd stati'stics based on a range of hi'gh and | ow

pixel sBIR668 f8r Hedlugenfiathegehly satrdd sthisticebas&l on Frrange of high and
system of claim49, wherein the act of pruning further

low theeghdld emluesfor epdh nalarehannek he total nunber of
pi xel s conplying with the predetermned criteria is a

g [ﬁig ,efj :’]r,"]rén% de%eng\ﬁéfc c:(?gitrxz{1 %S, w e%]u% g2l opﬂ%g%rﬁ{e)feéo?nprises a
determination if the total number of pixels complying with the predetermined criteria

is a predetermined percentage of the total number of pixels considered in the

calculation of the gray world statistics.

52.  The system of claim 47, wherein the act of calculating the color channel
gains comprises using a system tuning parameter to fine tune the output image with

respect to the color channel sensitivity of the image sensor.

53.  The system of claim 47, wherein the act of calculating the color channel

gains further comprises the act of recursively recalculating the channel gains.

54, The system of claim 47, wherein the color channels are red R, green G,
and blue B and the image processor is programmed to calculate color channel gains

according to:

GW _CR+GW _CB

G _GAIN === CR*N_CB
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cal culation of the gray world statistics. 52. The
systemof claim47, wherein the act of calculating the
woabavo7etoannel gai ns conpri ses using a system Pamiusgo06/047346

paranmeter to fine tune the output inmage with respect

to the color channel sensitivity of the inmage sensor.

53. The systemof claim47, wherein the act of

cal cul ating the col or channel gains further conprises

the act of recursively recal culating the channe

gains. 54. The system of claim47, wherein the color

channel s are redyR a@reen G and blue B and the inage

processor is pr Al gd*?87£5¥%ulate col or channe

gai ns @ccgqudyv T ON-CR+OA-CBir@d GAIN - N CR +N

CBGW CR GW CG B @ALMNGHN LB A INN _ CR +N _ CG

where G GAINis a gain for a.green channel, R GAINis .

a gain for a reédch&®nelC¥andoB GAINis a gain for a

bl ue channel ; @V CRINOMEBGAINd GW CG r epr esent

chr orraﬁ-cf}twvﬁr The @y Wweig d summary; and N_CR,

N CB, and N CG represent The chromaticity of the

neutral white point. 55. The system of cl ai m 54,
wherd\BEEAIN {418 ghifRaR DEReaTsAnnES K oI s gaimofor a red channel, and

recursively-cal cul ate-the channel gains as follows: r
B_GAIN is of ghiM/f6Ra"bRu1EAhdnel{ GW CERBGUAINE, andi Wiy B repyasent

GWVCB + -
chromaticity of the gray world summary; and N_CR, N_CB, and N_CG represent Fhe

chromaticity of the neutral white point.

55. The 'system of claim 54, wherein the image processor is programmed to

recursively calculate the channel gains as follows: ‘
(GW _CR*R_GAIN) +(GW _CB*B_GAIN)

G_GAIN'= N_CR+N_CB
GW_CG  GW _CB
G _GAIN B_GAIN
o= = ,and
R_GAIN' == CG+N_CB
GW _CR  GW_CG
N G_GAIN
B_cam=F-_4 _ o

N_CR+N_CB
where G_GAIN’ is a recalculated gain for a green channel; R_GAIN is a recalculated

gain for a red channel, and B_GAIN' is a recalculated gain for a blue channel.

56. The system of claim 47, wherein the color channels are red R, green G,

and blue B and the image processor is programmed to calculate color channel gains

according to:

GW _CR+GW _CB+G _BIAS
N_CR+N_CB+G_BIAS

G_GAIN =

!
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R GA IN = G =CGAIN B=GAIN and. N.CG +N _ CB GW CR GW
CGBGAIN- INGGANN CR+N _CB where GGAIN is a
woecalwoedoat ed gain for a green channel; R_GAl NPCITA/S2006/047346
recal cul ated gain for a red channel, and B GAIN is a
recal cul ated gain for a blue channel. 56. The system
of claim47, wherein the color channels are red R
green G and blue B and the inmage processor is
programed to cal cul ate col or channel gains according
to: GWCR +GWCB +G BIAS G GAIN - N CR +N CB +G
Bl AS2006/ 047346, @GNV CG +- B GAIN= R - GAIN -
GALIN N CR +N CG-where-6@KI NCBs a gain for a green
_channek_, RN Gs.@‘ig\éi n far a med channel, and B_GAIN
is a garn for a hWueC@hann€lB GW CR, GWCB, and GW CG
represent chromaticity of the gray world sunmary;
G BI AS represer@H’gCRu_prﬁ_&q"arreter; and N CR, N _CB,
and N_CG repre§gnigdive ehrgmayicity of the neutral
whi t e Boi GHINST— cl ai m 56, wherein the
i mage processor is—ptfogranmmed to recursively calcul ate
the channel gains as follows: C GG r (jrAlJN = (GWV

where(é_éﬁli\l & gg&-l fPY greth chBnnel™R! HATHGis BEA for a red channel, and
B_GAIN is a gain for a blue channel; GW_CR, GW_CB, and GW_CG represent

chromaticity of the gray world summary; G_BIAS represents a tuning parameter; and

N_CR, N_CB, and N_CG represent the chromaticity of the neutral white point.

57.  The system of claim 56, wherein the image processor is programmed to

recursively calculate the channel gains as follows:
(GW _CR*R_GAIN)+(GW _CB*B _GAIN)+G _BIAS

G GAIN'= N_CR+N_CB+G_BIAS
GW_CG _GW _CB
G _GAIN B_GAIN
AIN' = —= = , and
R_GAl N_CG+N_CB
GW_CR  GW _CG
5 Gam=R_GAIN_G_GAN

N_CR+N_CB
where G_GAIN’ is a recalculated gain for a green channel; R_GAIN' is a recalculated

gain for a red channel, and B_GAIN' is a recalculated gain for a blue channel.

58.  The system of claim 47, wherein the image processor is programmed to

normalize the calculated channel gains.

 59. The system of claim 58, wherein the image processor is programmed to

normalize the calculated color channel gains as follows:

G_GAIN'=1.0
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, N_ CR+N CB +G BIAS GW CG GWCB Rn GAIG\LP - G =

GAIN + B = GAIN, and N.CG +N CB where G GAIN is a
woecs@looedoat ed gain for a green channel; R_GAI NPCTAIS2006/047346

recal cul ated gain for a red channel, and B GAIN is a

recal cul ated gain for a blue channel. 58. The system

of claim47, wherein the i mage processor is programred

to nornmalize the cal cul ated channel gains. 59. The

system of claim58, wherein the inmage processor is

programmed to normalize the cal cul ated col or channe

gains as followg &N N = 1.047346 G GAIN 60. The

systerrRo_fGAIM'i:rﬁ—H——?ger ein the image processor is

programed to IQ@+Q§ filter the cal cul ated col or

channel gai ns. %1.GT system of claim47, wherein the

i mage Rr oggEew —l rammed to: store a

pr edet erm ned nGhb&WINt col or channel gains; and

cal cul ate the col or channel gains by averaging the

predet erm ned nunber of stored .0r channel to

[ ol al ns.
660, ThEhe yystem of e 47, 2erghL g FPAgRDT HEtiC by erammed
sensor i s part of a.video caner 63. The system of
low passfilieythe %ﬁ%’rléﬁﬁi I8 icﬁﬁﬂ?&i a*%‘% is a RGB i mage. 64.
The systemof claim47, wherein the input image data
! ﬁl analpg.. Q%m TR e1.30SAE WREreth Bidinddge phadegsaor isiprogrammed to:
put |magg ata 1s digital.
store a predetermined number of color channel gains; and

calculate the color channel gains by averaging the predete;‘mined

number of stored color channel gains.

62. The system of claim 47, wherein the input image sensor is part of a

video camera.

63.  The system of claim 47, wherein the input image is a RGB image.
64. The system of claim 47, wherein the input image data is analog,.

65. The system of claim 47, wherein the input image data is digital.
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