WO 2007/ 070502 PCT/ US2006/ 047346 NMETHOD AND APPARATUS PROVI DI NG AUTOVATI C
COLOR BALANCI NG FOR DI G TAL | MAG NG SYSTEMS FI ELD OF THE | NVENTI ON [ 0001]
The i nveMQ YN7PHS8x es to i magi ng devi ces and nore part i BCE/E$2096/049346
automati c col or bal ancing techni ques for inmaging systens. BACKGROUND OP THE
| NVENTI ON [ 0002] Solid state imagers, including charge coupl ed devices
(CCD), CMOS imgers and others, have been used in photo inmaging
applications. A solid state imager <circuit includes a focal plane array of
pi xel cells, each one of the cells including a photosensor, which maybe a
phot ogat e, g,hot oconductor or a phot odi ode havin oped region for
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region, fornmed on or in thﬁléﬁipﬁ&XGrﬁﬁl?&sﬁlﬁgnneCt ed to the gate of an
of a ou

out put transistor that is par rea i'rcurt. The charge storage

~region may be constructed BREID OPTHEINVENTIONN region. In sone inager
circuits, each pixel cell may include at |east one el ectronic device such

as a trandDe@nr fThetinuasifien relatesdbimgging devidehandhmbos pasiiculhrlyttbe
storage region and one device, also typically a transistor, for resetting
t he aemajic calgr balansing tedhwéquesfondaaging gystemsel prior to charge

transference. [0003] In a CMOS inmger, the active elenments of a pixel -cell
Becumiation of i mge BALReRENG eEct VRGN 02" cai'on toa knoun
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vol tage by a source foOll ower “output transistor.
photosensor, which may be a photogate, photoconductor or a photodiode having a
doped region for accumulating photo-generated charge. Each pixel cell has a charge
storage region, formed on or in the substrate, which is connected to the gate of an
output transistor that is part of a readout circuit. The charge storage region may be
constructed as a floating diffusion region. In some imager circuits, each pixel cell may
include at least one electronic device 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] Ina 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.



WO 2007/ 070502 PCTI US2006/ 047346 [0004] CMOS imagers of the type discussed
above are generally known as discussed, for exanple, in U S Patent no.

6, 140, 63W0 200070582t ent no. 6,376,868, U.S. Patent  no. pgTaddedffazsel). 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., which are hereby

I ncorporated by reference in their entirety. [0005] Color constancy is one
of the characteristics of the human vision system The human vision system
is very capable of discrimnating color objects under different |ighting
conditions. The col or of an object |ooks substantially the sane under
vastly di [do'aafnt GM,Q)SSiIﬁ él%tcsfrtﬁle didclibdedCatidvd afhEertdllgddrownal as sun
i ght, nmoon i ght incan escent orescent, and candle |ight. However,
due discisbed, Foaagemiple, indJ. SSPafé;rfta'lo B140)630) IS, Paénitono.ad,376)868, I T SnParinton,
the perceived |ightness and col or appearance of the scene will change. The
hunmano. 6}3&0;3665U£. Flatertew. 6326,65%,) LbSt Patent nél 6,204,524 anidHe .. Pabentsour ce

conpl et eI [ 00 Q;L ossi bl e explanation is that the human vision system
doe§3r$§t igrprabechnelogyolnsy i iage hevelky inqurpopeteddiyved i mages
cont aj n |nter ctlons of |ight sources and object reflectance. Therefore,
forT eirgidigeti-om an i magi ng device to | ook natural, the influence
of . the | i ght source nust be preserved in a manner simlar to the way the

mst | ook PRE” 3 e §§*‘f§t%3§iis e g%%“}'ﬂﬁ ShABER B iRty BRR, &
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COr defférent lightingroaditiohs The kbR o’f&n abijédt lobks sebstan6id]lyshe Gaieainddie
whol e picture integrates to gray. RWG Hunt, "The Reproduction of Col our™

16. vastiydifferent wpdscoftriedaral ared artefmalﬁxghtaslourcds, Bi:leh assluarlightpmeoani ct ur e
should integrate, i.e. averag to gra\ﬁ!i Accordingly, there is a need and
C

des light,fineandescenty fin@ressensand sandis lightc Elawevery dug) torthg shangedn the apt ur ed
g'pectrazl power distribution of the illumination, the perceived lightness and color

appearance of the scene will change. The human vision system does not remove the

influence of the light source completely.

[0006] A possible explanation is that the human vision system does not
function as an absolute colorimetric device. The perceived images contain interactions
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, there is a need

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




WO 2007/ 070502 PCTI US2006/ 047346 BRI EF SUMVARY OF THE | NVENTI ON [ 0007] The
invention‘SB ﬁw des a col or bal anci ng net hod and apparatus by which an

i mage's c PVHHPNR%ce under different illuminations canPB&Us2H06/0613¢6el y

mai nt ai ned. According to an exenpl ary enbodi nent of the invention, pixels
froman input image having an inmager col or space, for exanple, a
red-green-blue (RGB) color space, are sanpled for gray world statistics.
To avoid the effect of saturated regions, the pixels are pruned. If a
predeterm ned percentage of the pixels are included in the gray world
statistics, gain is then cogéout ed for each RGB channel with respect to a

neutral white p0| nt. UWA@%@'WEIMEW RGB i mage. This

process create transfQrned co| or ced jmage suitable for display.
[0008] Theld0R? nt%%?nﬁ@llﬂ% & Ofgﬂéﬁgnﬁ ethod RAra&PY al

![rgrfelge da;la and mﬁ% g EXFCUt eddﬂqél% W !@ﬁ ;software 8%? Tﬁ@ g{;h:gt ﬁ]:ar
?hfé"" BB LSRR R T oy b B Bl oﬁﬁiﬁg%gfe&%ﬁ%éﬁ Vé“ b
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to agp E gragtwerldisiatisdtivse Tol adid [tﬂ@éﬂfheféﬁat&r&thﬂ% ns, the
funct ] onal bl ock di agr am illustrating portions of the process illustrated
i n Fpixeld arepyrest. df aqmedeternpﬂed@]ert’drtﬁageoﬁﬁm/plxals‘ arevinichuded irl thetgrayi ng
portions of the process illustrated in FIG In greater detail; {0013]

FI G workd statistics, igain isithegrcomputeshfareage RG nbammltmth nespecidodEmettraly t

an ex ry enpodi mant of the inventjon:_ and 3 WO 2007/070502
PCTI &E&)m%,g? el gains are apphed to the RGB image. This process creates a

transformed color balanced image suitable for display.

[0008] The invention may be implemented to operate on analog or digital

image data and may be executed in hardware, software, or a combination of the two.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The foregoing and other advantages and features of the 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’



[0014] FIG 5 shows a processor systemincorporating at |east one inmaging
devi ce i ncl udi n_% circuitry for conputing color bal ance constructed in

accor dan®0 H7/A705¢ enbodi ment of the invention. DETAl UEII/UEBGRMPIIGON OF
THE | NVENTI ON [ 0015] In the follow ng description, an exenplary inager
color space will be described as an RGB col or space; however, other col or
I mgi ng protocols could be used in the invention, including, for exanple,
a subtractive CWK (cyan, magenta, yellow, black) col or space. [0016] The
general processing flow of the invention is now explained with reference
to the figures. Referring to FIG 1, inmage sensor data froman RGB col or
space i s [6@14]i r eFIG.rSoshaws apageessensysteth incbrppratinig etdeast arie fmagiag arr ay,
such as a Bayer nosaic filter pattern. A de-npsaic process 3,

i nt elgydeeairichadinigecirquibtyy forgemmBing rejonbaldnce cappiriisted in araostdancaRwithG |
and Bi signals. The R, G, and Bi, signals are color balanced in process
4 t AreBRgdEment offhe MyyenHOns; gnal s by gathering chromaticity statistics of
the inmage and cal cul ati ng channel gains as explai ned below in nore detail

ith ref t j I th

subj ected to a col SPECAIERIPERCRIPEONOE PEIAN RN S “ne B

. (s b | vi . _ . .

sianal s DYogR| ¥ o ERBKIAL RRRIRAGHOn ERRBE Phaght U sl B be
10 RIeReHBEd Bs anRGBAHo1 'r%a%egﬁamvéwdtﬁéé EolbPImiL#1Y PrdtBoR coRild Pe'Wsea
outputting of the RGB irmage at output process 7. It should be appreciated

t hatinahy mmmaludm%,de’r eramiple, Taulitiactive EMYK fcydh, sphgentappellow, and
e

di spl ay techni ques may respectively used in processing blocks 2, 3, 5,

6, &ack) col@OsgprdceThe col or bal ance process of block 4 of FIG 1 is now
explained in nore detail wth respect to FIG 2. First, pruned gray world

statistic R..Su G Su B Sum d Count _are cal cul ated in process 4a.
Then chant16§ai nkhegengral procegsing How ofthe iysrdinssisnosw rrpigined Wit 346

reference to the figures. Ref;.rring to FIG. 1, image sensor data from an RGB color space
is acquired from an image sensor 2 using a tiled color filter array, such as a Bayer
mosaic filter pattern. A de-mosaic process 3, interpolating the tiled Bayer-RBG signal, is
applied to produce Ri, Gi, and Bi signals. The Ri, Gi, and Bi, signals are color balanced
in process 4 to produce Rb, Gb, and Bb signals by gathering chromaticity statistics of the
image and calculating channel gains as explained below in more detail with reference to
FIGS. 3 and 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,




and B_Gain are calculated in process block 4b and applied to input-signals
Ri, G, and Bi to produce color bal anced i mage data, Rb, Gb, and Bb.
[0018] Th&O@oemsasn2i | | ustrated in FIG 2 is described becgwshivsiodfsiber
detail in relation to an exenplary enbodi ment of the invention. Referring
first to processing block 4a, gray world statistics can be derived by

I ntegrating the input image to gray. See "The Reproduction of Col our" by
R WG Hunt, 4th Edition 1987 Fountain Press, |SBN 0-86343-088-0, the

di scl osure of which is incorporated herein by reference. In an exenplary
enbodi mrent of the invention, every pixel of the input image is sanpled by

proc BN ls ' f.. 1 LGh:t Y
of 1 P BB Bfciolltulded 1A PRACESBTLK £ haipglieh & bR eigiia RYGERRUH: U
in p cBZoldrasandéed fadpb dath, W &G, andaglsul ate the chromaticity of the
gray ri'd summary in proce§si ng  block 4b. The chromaticity of the gray
world summary is defined as follows, the red value, GWCR =R .SUM/ (R
SUM + G - $0018} B_Thdprotdss ilusteateddh RIG. B¢ deseribedbbow (ivfuithitt defailSkM + B
SUM; and the blue value, GWCB =B SUM/ (RSUM + GSUM+ B SUM. In an
ex enyelation tovdon ékemvpilaryt emmbodiment ofihtejinyentibh. Referring Gingtotogrmosessimg up t o
one. In other words, GWCR + GWCG + GWCB = 1. It_should be appreciated

t hatblegk 4rrgxay WoRld stetisties casrbaderived bxyintrgraiisisdhednput image &2 1&g bl ock

SRR Bl W9 BT W e
or urioRly CrRed S 0By e ciefaieBbe Wl i BoRenre Qe bt iBke B8 VAR, o1
pr ocoaany Pbctimlatyt o P Yich. B0 pRRLSE e L xR RIRARL vl ! 19

sel ?ﬁo‘é@sﬁﬁg BlockMa fdrintdlErabivAlte gy, TheBubts offHRC@iFOmaidHy*6t thecolee | uded
in the gray world statistics, if agreen value is higher than a preset |ow
val ushanin€ls/difealc pirklE_STi, SV aad BaShiMd} ate balghlated e ptotesbing block
GREEN VALUE); the red value is higher than a preset low fraction 5

4a and then used to calculate the chromaticity of the gray world summary in processing

block 4b. The chromaticity of the gray world summary is defined as follows, the red
value, GW_CR =R_SUM / (R_SUM + G_SUM + B_SUM); the green value, GW_CG =
G_SUM / (R_SUM + G_SUM + B_SUM); and the blue value, GW_CB =B_SUM / (R_SUM
+G_SUM + B_SUM). In an exemplary embodiment, the chromaticity of all three
components sums up to one. In other words, GW_CR+GW_CG+GW_CB=1. It
sh01:t1d be appreciated that any known pixel-selection method may be employed in
processing block 4a, including but not limited to random s.ampling 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 inclﬁded 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



WD 2007/ 070502 PCT/ US2006/ 047346 (LOW RED GREEN _FRACTTON) of the green
val ue and |l ower than a preset high fraction (H GH RED GREEN FRACTI ON) of
t he greew@avdumsosand t he bl ue value is higher than a p ction
(LOW BLUE GREEN FRACTI ON) of the green value and Iomer{)t@%g?dg%\!‘rﬁe’i{’gt hi gh
fraction (H GH BLUE_GREEN FRACTI ON) of the green value. These tests are
performed in step 20 of FIG 3. [0020] If the pixel passes the criteria

| i sted above (step 20), the red, green, and blue values of the pixel are
added to the grand total of each conponent respectively, R._SUM G SUM
and B SUM and a valid pixel count, COUNT, is incremented (step 30). If

the RRVCREH REKBEN T%g}ggrgdgﬁ)'oggg}e Brad vl SRR OO £Brdllk pigile next

pi xe setec e pruning criterra ermnation is

Per fpadtish AIRTH_RELE mﬂ@EN_meNm%@gkémﬁ{_raﬁie? Bid the Bise aidesd above
with reference To FIG 3, are perforimed wuntil it is determned that the

| asthighethainta peeseb idw desttioh (LOWYBLYUBMGREEN FRAUTIONpSS tHeenieeh Qlabid ed
(step 40). If at step 20, it Is determned that the pixel does not neet the
pr urarablosvert thana preasephiph fractiore (HIGH_BE.UTE GGREE2]_ERACTION DA Ifhe@reeni t i s
determned that a selected pixel is the |last pixel froman inmage for
sanpialug These testssareperfyrmediin stopP0 ofHilenSe system determines at step 50

if COUNT is a predeterm ned percentage of the total nunber of inage pixels
), P R A TS o
Chaiar YR ORE Pitdes her rotoe SfER oA eRdh Fprenk PEthebaben

P S B SR, B B i I R R SO ONT e inenteed &9 e
70) -30?.t If thB @uledtdPp Bl ffindihitle lﬁétEiﬂxéﬂorisaﬁlpljﬂga(sQé}Imggj,, e nexEpbTid S a

predeterm ned percentage of the total pixels sanmp can occur after
chaselctagh(step 30); ahdlthetprtining tfitarzhdeterménatioreis péfformedtagabn (step 20he
determ nation before channel gain is calculated. 6

The same operational steps, as described above with reference to FIG. 3, are performed

until it is determined that the last pixel to be included in the gray world statistics has
been selected (step 40). If at step 20, it is determined that the pixel does not meet the

pruning criteria, step 40 is executed as described above.

[0021] Onceitis determined that a selected pixel is the last pixel from an
image for sampling (yes at step 40), the color balance system determines at 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 percentége
of the total pixels sémpled, can occur after channel gain is calculated, although it is more

efficient to make the determination before channel gain is calculated.



WD 2007/ 070502 PCT/ US2006/ 047346 [0022] The cal cul ati on of the channel
gain in processing block 4b (FIG 2) revol ves around bal ancing the

chr omat i cwoywoarfo7ésoe gray world summary agai nst the chr icity of a
predetermned neutral white point. Chromaticity is defiﬁgﬂh$ﬂm§%‘@ﬂhcept
simlar to the knowmn Cl E XYZ standard observer tri-stinulus colorinetric
system See "Col or Science Concepts and Met hods, Quantitative Data and
Forrmul ae" by Wszecki and Stiles, Wley, |SBN 0-471-39918-3, the

di scl osure of which is incorporated herein by reference. The inmge
sensor's spectral response is usually not the sanme as the ClE standard

aoainst KHURR ' e el lab6nRR ot cBargl e IR Brod St fhokddh #1562 Cone
et SFRORER ﬂ%”%?%‘@l@?ﬁg{%%%‘@%%&f# R B e ahe 1 ca 1

cal %Hkéﬁx%ﬁfﬁ?encjﬂéﬁhfei‘hun ng%%ﬁ'&%‘f“% dp Sﬁit”@&oﬁﬁﬁaﬁa lﬁo%éF idd faged on the

user's prefe or a conbi nation o pe appr eci at ed

t hatcoAB¥ptdifitlar 18 RO nbn CHE XMZ StdndaRtbbsdiveriilstimifiddoloBykari¢sed. The
chromaticity of the neutral white point is conprised of three conponents,

t he sysiinv.abee’ ColocBcidrive Creeptsy and dMethofs; QaardtitdtévédData ual Fornuled’ In  a
preferred enbodi nent, the chromaticity of all three conponents sunms up to
“onebyl Wyszectleranﬂcﬁtds$, Wiy +1SBN 0e171-3991853, the disdasyjrelof whivhdser r ed

enbodi ment, a system tuning paranmeter, G BIAS, may, be used in processing
bl oekmmor@teﬁllh?éenmérq gEencen ddedinagesgasor’s ﬁpse%yer@sppasq paumllyrnotchannel

it he s e the 1 starn SUseaRer | THAGHFRL IR AoIDREE Hispriot et 's?%lregsgt
app e PNpkolE HRRIneR LB, REEE Rl b BRI AR 1 pdiimechy R8P ey o1

may jipemisg&t [0025] In an enbodi ment of the present invention, green
channel gain, G _GAIN, is calculated as a function of the chromatici ty of a
neutral white point (N_CR

[0023] The chromaticity of the neutral white point is determined in

processing block 4b. The determination can be automatically calculated as a spectral
response 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 neutral white
point may be used. The éh.romaticity of the neutral white point is comprised of three
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 sYstgm 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



7 WD 2007/ 070502 PCT/ US2006/ 047346 N CG, N CB), the chromaticity of the
gray world summary (GWCR, GNCG GWCB), and an optional systemtuning

par amet erw((bzo@'{/ 02 Rat her than independently cal cul at irgr/t$2e0d@ss4ghannel
gain, the red channel gain is calculated as a function of the green
channel gain. Finally, the blue channel gain is calculated as a function
of the red and green channel gains. In one enbodi nent of the invention, the
above nentioned paraneters are used to calculate the gain for each col or
channel in processing block 4b as follows: (1) G GAIN GACR+GW CB+G BI AS- N
CR+N CB+G BIAS GACG _ +GWCB (2) R GAIN= -CG+tN- - GW CR GWCG (3) B_GAIN=
RGAN G GANN CBY, @i thiGatia86df thegrayeworld senodirp¢GWr ERIGINVEGal cul at i ons
of the channel gains are perforned in processing block 4b, allow ng for
nor &WokiB)eand roroptional sysienn funibg parhmetert ((GB143). Rethertharsi ve

cal cul ation consists of the cal culations of Equations (1), (2), and (3)
and indepengdently ﬁ%} lagingtheae @ennakg@nsthmdc@aémlsem e@latedsasany

as desir N = CR:R,GAl IAS N CR+ N
caﬁ@ﬁmso?éﬁ @“‘(‘Sﬁﬁ“@ﬁ(‘%&’é@% B?“E%(&’I%G cplpted a6 2
function of the red and green channel gains. In one embodiment of the invention, the
above mentioned parameters are used to calculate the gain for each color channel in

processing block 4b as follows:
GW _CR+GW _CB+G_BIAS

1 G_GAIN =

) - N_CR+N_CB+G_BIAS
——————gwag +GW _CB

2 R_GAIN ==

@ - N_CG+N_CB

GW_CR  GW_CG
R_GAIN G_GAIN
N_CR+N_CG

(3) B_GAIN =

[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
AIN' = =
) G_G N_CR+N_CB+G_BIAS
GW_CG+GW_CB
©) R GAIN'= G _GAIN B_GAIN
- N_CG+N_CB
GW_CR+GW_CG
©) B GAN___R__GAIN G _GAIN

N_CR+N_CB



GAMCRGACG (6) B-GAIN = R GAIN G GAIN N CR+tN CB 8 WD 2007/ 070502

PCTI US2006/ 047346 [0027] In a preferred embodi ment, the channel gains
cal cul at S¥ORMW787¢82r Equations (1), (2), and (3) or EqURCT/U82006/J734¢ 5), and
(6), nowrepresented as R GAIN, G GAIN, B GAIN for sinmplicity, are

normal i zed in processing block 4b to mnimze the variation of the

| umi nance signal while nmaintaining the rati o between the col or channel
gains. Since the green channel constitutes the ngjority of the |um nance
signal, the variation of the lum nance signal is mnimzed by setting the
green channel gain to 1.0 and the red channel gain and the bl ue channel
gai n are ri@8arLul &nadreferred nmhudimeimb,qhetcﬂnannal gainsaenlmdatedhia either gr een,
and bl ue channel gains. This is acconplished by: {7) G_ GAIN =1.0 (8) R
GAl NEquatipns (1()9§2)Band@)| N Eq@mym\(@%)}and (6)an<pwe1epresamt@drbgdﬁMN t he

QSSCFEMAE#&%Q%” e Ca'zi?e” & acessife SSS'”EobM' Riize W B
of ot HrasaR KBt Riiiandh %“Cﬁﬂ SRiane Matd betree {tiwiérg'e for

U eBEs S ine %egégﬂéﬂﬁﬁﬁédéé%ﬁ%%%ﬁé mdj ﬁﬁf%é?ﬁ? RERL L ARt WSS
f r angaGadioR of thOnERindhcei SEAS mﬁk&% %%r%éaéggq?ﬁhhgg%;ﬂtotm next

frame. If a snoot her trans?tlon 'S deS|r ng of the

chanaed tlg@réu; chafinélgzdiffahendietbide hlamhelr %]atiﬂ arﬂhéddl@ilatdlﬂﬁilﬂéhﬁaﬁ&huﬂﬁg ns
and performng a |low pass filtering of the past and current channel gains.
The therapiacsetivdenctherrgdegreebpandiblleerchamnklgains. r This is gcomaplished ibyvi ng
average filter, as shown in processing block 4c. It should be appreciated
t hat (7 G_GAIN'=1.0

(8) R_GAIN'= R_GAIN
G_GAIN

- B_GAIN

9 B_GAIN'= =—=""""
© - 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 prbcessing 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.



any known | ow pass filtering nethod may be used. 9 WO 2007/ 070502

PCTI U52006/ 047346 [0029] As is apparent fromthe above description, the

I nvent i onWacI0Bes02si gni fi cant col or bal ance, is strai gg)éj orward, and is
relatively easy to inplement. As a result, color bal and&TSS2MEHed in a
sinmple and efficient manner. [0030] FIG 4 illustrates an exenplary inmaging
devi ce 300 having a pixel array 240 suitable for providing the processing
illustrated in block 2 of FIG 1. The FIG 4 imging device enploys a

Bayer filter and produces R, G B, pixel output signals. Row lines of the
array 240 are selectively activated by a row driver 245 In response to row
addr ess deg 55. A colu er 260, and.col u ss d oder 270 are
S0 nclobAgE | AR et M ORI T St e iR

3255@51%%0?%&%@@ 15 AR S%%dg??el o élﬁ&e% r % fooress

col f fnzap hold circuit 261
assgg%he{gcgﬁbqﬂéﬁ%e% river [ng%% rea s a pi xel reset signal Vrst and

a pixel image signal Vsrg for selected pi xels of the array 240. A

di f f er ent joabOpi OFaG. 4 MestrMek eh xmiPlOBLER dkvite B0 hadingaPikéliftay? 62
for each pixel and is digitized by analog-to-digital converter 275 (ADC).

The 24t etiitgbledor prgvidihg the peodessing iHustrpted esblokle 20bfFIG. Ze T FEG. 41 gnal s
to an image processor 280 which forns and may output a digital image. The

i mipagingdesoe ergdolas Bayer filigr and(progucep Ro 66 $5 piyeltavdtput sigrababRewof
perform n&}e: he cal or bal ance processerxsdglP (FIG .1, block 4) of the invention
pnseet the arpay 260 areseler tw Iy ackxat a roMedEyes 24p in arﬁwrwedeéegr ng can

? i 3@??@8? ?‘#&%95%3% O aft 4B o LT cBIFh PRl B e | 091 ¢
o O AL ARIROHh BNl IE sblIPFHe BHAEERSRbvicd 30038Bpeldied %fyt MR Emig
and control circuit 250, which controls the address decoders 255, 270. The control

circuit 250 also controls the row and column driver circuitry 245, 260.

[0031] A sample and hold circuit 261 associated with the column driver 260
reads a pixel reset signal Vrst and a pixel image signal Vsig for selected pixels of the
array 240. A differential signal (Vrst-Vsig) is produced by differential amplifier 262 for
each pixel and is digitized by analog-to-digital converter 275 (ADC). The analog-to-
digital converter 275 supplies the digitized pixel signals to an image processor 280
which forms and may output a digital image. The image processor 286 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 proeessor system modified to
include the imaging device 300 (FIG. 4) incorporating the color balance methods
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[0033] PIG 5 shows system 1100, a typical processor systemnodified to

I ncl ude the i magi ng device 300 (FIG 4) incorporating the col or bal ance
net hods W@W&OW/ 070502 PCT/ US2006/ 047346 accor di ng scayidigosioayapt i on.
The system 1100 is exenplary of a system having digital <circuits that
coul d include i mage sensor devices. Wthout being limting, such a system
could include a conputer system still or video canera system scanner,
machi ne vision, video phone, and auto focus system or other imager
systens. [0034] System 1100, for exanple a canera system generally
conprises a central processing unit (CPU 1102, such as a m croprocessor,

t hat &%Ergy{g% ' aR eﬁ% ! - 1104.
Imag?ng evi ce %38%3%“' ?(I)f%fécng? ggb'%ﬁ t'lgwcébs%%%\%ﬁ%glﬁﬁ 1104.
The @rQGRSEHAL cOIRERICRYGS ﬁﬁhéé@@nso%'&?riéé&? WiRSut BERHAGER §sm§ystél%M'
1110, and can include renovable nmenory 1115, such as flash nenory, which
al socqddittiudetecomplitérhgystétt, 4810 3r iddo ddiRetausy stebhDdcantee, indeBirntgvididi, ce
300 may be conbined with a processor, such as. a CPU, digital signal

pr ocekkeorphare, and amo doasssystem, bhothenintalgerisystems y st orage on a single
integrated circuit or on a different chip than the processor. [0035] Wile

preferred enbodi nents of the inventj-on have been described and illustrated
above, it [Q6#] o Frestemotlld feriexamaplera carmera systsrangereipliyrcorppriseiant i on

2 i ol AR R R
Sucras et p VO Mhe R4 0V o g D100, Telacn R AR g JRE° Soreo'e

s ubsidrhithrfiBites With BidEPUTRIS ba R bhusaA040 %@%ce#&%&d%ﬁg%iﬁ higo f rom

the spirit or scope of the invention. Accordinglly, the invent I's not to
be cgles irftdndes fhddniiacesssin f(RAY 1 11D, dadcdanhicid @dmboablel fehioryt ed
by the scope of the appended clains. CLAI M5

1115, such as flash memory, which also communicate with the CPU 1102 over the bus

1104. The imaging device 300 may be combined with a processor, such as a CPU, digital
signal processor, or microprocessor, with or without memory storage on a single

integrated circuit or on a different chip than the processor.

[0035] While preferred embodiments of the invention have been described
and illustrated above, it should be understood that these are exemplafy of the 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 forégoing description but is only limited by the

scope of the appended claims.
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What is claimed is: 1. A method of perform ng a col or bal anci ng operation
on input inmage data froman inmge sensor, said input inmage data having a
plurality of col or channels, said nethod conprising: using a processing
circuit to performthe acts of: determning a first chromaticity value for
each col or channel of the input inmage data by dividing a sumchromaticity
val ue for each color channel of a plurality of pixels by a sum
chromaticity value for all color channels of said plurality of pixels; and
cal cul ating col or channel gains for each respective color channel of the

i nput image data by dividing the respective first chromaticity val ues of
all color channels of said plurality of color channels other than said
respective color channel by a sum oCLaMM$d chromaticity val ues of
correspondi ng col or channels of a neutral white point; and transformng
t he i MWH4t is clageddat a to an out put i mage by applying the color channe
gains to respective said color channels of said input inage data. 2. The
met hod of claim 1, further conprising using said processing circuit to
perform the act of pruning said plurality of pixels used in determning
said first ch}-omqtlaqwn?ggﬁ@ggsagleab sneirg-opgeation A Yt Enagedatadromsan The
nmet ho | : L i f (N i -ecting
o ol o g SRl Rk PR Cadey i Pty 8 o el ok PRI Eom B o ancl
| ow t hreshol d val ues for each color channel. 12 4. The nethod of claim 2,
wher ei n t he act usifgpiptotessingfaircuit & parfomprthesasts afeternmining if  the total
nunber of pixels conplying with the predetermned criteria neets or exceeds
a predeterm ned percgentage of otal. nunher .of pixels, 5. The nmethod of
clalm i, further confrrannpeddReh el ies of safstforkbpmiel (o°r e

of the input image data by dividing a sum chromaticity value for each

color channel of a plurality of pixels by a sum chromaticity value for

all color channels of said plurality of pixels; and

calculating color channel gains for each respective color
channel of the input image data by dividing the respective first
chromaticity values of all color channels of said plurality of color
channels other than said respective color channel by a sum of second
chromaticity values of corresponding color channels of a neutral white

point; and

transforming the input image data to an output image by applying the

color channel gains to respective said color channels of said input image data.

2. The method of claim 1, further comprising using said processing circuit to perform
the act of pruning said plurality of pixels used in determining said first chromaticity values based on

predetermined criteria.

3. The method of claim 2, wherein the act of pruning further comprises selecting pixels
to include in said plurality of pixels based on a range of high and low threshold values for each

color channel.
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tune the output inmage with respect to a color channel sensitivity of the

I mge sensor. ‘6. The nethod of claim11, further conprising using said
processing circuit to perform the act of recursively recal culating the
channel gains. 7. The nethod of claim21, wherein the color channels include
red, green, and blue color channels, and the processing circuit calcul ates
sai d col or channel gains according to: G GAIN=NGACR+GACB N CR+N CB
GWCGtGNCB R GAIN = G _ GAIN and N CGtN CB GWCR+tGWCG B GAIN= R _ GAIN
G _ GAIN N CRtN CG where G GAIN is a color channel gain for the green
color channel, R-GAINis a color channel gain for the red col or channel,

and B -GAIN i col nne ain for e hlu hannel CR, .GW CB,
and GW CG rep?e@é‘h’ﬁ‘e&ﬂ@ P? "%?%ﬁ%fhe@ﬁ P%F%E@%S? CQH%ISF%“&"H% ifand
green Hteg?, N s epresent the
red, btﬁﬂle&élggggégy}?g&egeco dﬁh%@%ﬁ c?%;t/é}k\?g}%&gs rrtler?gsrmneutraf white

poi nt , predesqumintedd petopntage of Retahmurhiost ofpixelsai m 7, further conprising using
said processing circuit to perform the act of recursivel y cal cul ating the

coLY coamels Sth0e i b e SRS TS S T S

tune the output image with respect to a color channel sensitivity of the image sensor.

6. The method of claim 1, further comprising using said processing circuit to perform

the act of recursively recalculating the channel gains.

7. The method of claim 1, wherein the color channels include red, green, and blue color
channels, and the processing circuit calculates said color channel gains according to:
GW _CR+GW _CB

G _GAIN = = =)
- ' N CR+N _CB
——————gWC;AC}; +GW _CB
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 color channel gain for the green color channel, R_GAIN is é
color channel gain for the red color channel, and B_GAIN is a color channel gain for
the blue channel; GW_CR, GW_CB, and GW_CG represent the first chromaticity
values of the red, blue, and green color channels, respectively; and N_CR, N _CB,
and N_CG represent the red, blue, and green second chromaticity values of the

neutral white point, respectively.

8. The method of claim 7, further comprising using said processing circuit to perform
the act of recursively calculating the color channel gains as follows:

(GW _CR*R_GAIN)+(GW _CB*B GAIN)
N_CR+N _CB

G_GAIN'=

13



N CGtN CB GWCR+GWCG B GAIN = R _ GAIN G-GAIN N CR+tN CB where G GAIN
is a recalcul ated color channel gain for the green color channel; R -GAIN
is a recalculated color channel gain for the red col or channel, and

B GAIN is a recalculated color channel gain for the blue col or channel.
9. The nethod of claim1, wherein the color channels include red, green,
and bl ue color channels, and the processing circuit calculates said col or
channel gains according to: G GAIN=GN_ CR +GN_ CB +G _ BIAS N CR+N
CB+G BIAS GW_ CG +GWCB R GAIN = G _ GAIN and N CG+N CB GWCR +GWCG B
GAINNR_GAING _ GAIN N CR+N CG where G GAIN is a color channel gain for
the green col or channel ol or channel gain for the red col or
channel, and B GAIN i's a_@sgﬁk?gﬁgzaéaggain for the blue channel; GWCR
GW CB, and GWVCG re seﬁi_@%@yfd}sﬁﬂﬁﬁr ticity values of the red, blue,
and green col or channels rNesmestv vely; ’ | AS represents a tuning
paraneter; and N CR, N_ CB and N CG represent the red, blue, and green
second chromaticity vaIus&VOtHIhenﬁeuuFal white point, respectively. 10.
The met hod of claim9, rt AEN @PEL Py ng using said processing circuit to
perform the actB oGAINcursiVely ca%ca ating the col or channel gains as

foll ows: 14 A’ CR+N

where G_GAIN’ is a recalculated color channel gain for the green color channel; R_GAIN’ is a
recalculated color channel gain for the red color channel, and B_GAIN’ is a recalculated color

channel gain for the blue color channel.

9. The method of claim 1, wherein the color channels include red, green, and blue color
channels, and the processing circuit calculates said color channel gains according to:

GW _CR+GW _CB+G _BIAS

G GAIN = = = = ,
- N _CR+N_CB+G_BIAS
——————gW(;A(;; +GW _CB
R GAIN =—= , and

- N CG+N_CB
GW _CR GW _CG
B_GAIN= R _GAIN G _GAIN

N_CR+N_CG

where G_GAIN is a color channel gain for the green color channel, R._ GAIN is a
color channel gain for the red color channel, and B_GAIN is a color channel gain for
the blue channel; GW_CR, GW_CB, and GW_CG represent the first chromaticity
values of the red, blue, and green color channels, respectively; G_BIAS represents a
tuning parameter; and N_CR, N_CB, and N_CG represent the red, blue, and green

second chromaticity values of the neutral white point, respectively.

10. The method of claim 9, further comprising using said processing circuit to perform

the act of recursively calculating the color channel gains as follows:
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GGAIN= (GW_CR* R_GAIN+ (GWNVN_CB*B_GAIN) +G BIAS N CR+N CB+G BI AS
GWCGtGNCB R GAIN = G _ GAINB _ GAIN and N CGtN CB GWCR+GW CG B
GAIN= R _GAING _GAIN N CR+N CB where G GAIN is a recal cul ated col or
channel gain for the green color channel; RGAIN is a recalculated color
channel gain for the red color channel, and B_ GAIN is a recalcul ated col or
channel gain for the blue color channel. 11. The method of claim1l, further
conprising using said processing circuit to perform the act of normalizing
t he cal cul ated channel gains. 12. The nmethod of claim 11, further
conprising using said processing circuit to perform the act of normalizing
t he cal cul ated col or ch §AI N- R
GAIN G GAIN BGGAGMIN'= ] s saim 1, further
conprising the act of filtering th@ﬂt@la@'@d‘@olﬂ#ﬁs channel gains with a
| ow pass filter. 14. The_pethod of claim 1, further conprising the acts of:
storing a predeterm ned QW@QQ ol channel gains; and calculating the
col or channel % éABy aGercagNngBt f(éﬂ[Nedeterm ned number of stored col or

channel gai ns. N CG+N CB nd

GW _CR  GW _CG
R_GAIN G _GAIN
N _CR+N_CB

B_GAIN'=

where G_GAIN’ is a recalculated color channel gain for the green color channel; R_GAIN’ is a
recalculated color channel gain for the red color channel, and B_ GAIN’ is a recalculated color

channel gain for the blue color channel.

11. The method of claim 1, further comprising using said processing circuit to perform

the act of normalizing the calculated channel gains.

12. The method of claim 11, further comprising using said processing circuit to perform

the act of normalizing the calculated color channel gains as follows:

G_GAIN'=1.0
R GAIN':E-_.GAI_]V_
- G_GAIN
B_Gamn=2=04N
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.
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15. The method of claim1l, wherein the inage sensor is part of a video
canera. 16. The nethod of claim1, wherein the input inmage data is RGB

i mge data. 17. The nethod of claim 1, wherein the input image data is
anal og. 18. The nmethod of claim1, wherein the input inmage data is digital.
19. An imaging device for performng a col or bal ancing operation on input
imge data from an i mage sensor, said input inmage data having a plurality
of col or channels, said device conprising: a circuit configured to:
calculate gray world information for the input inmge data having a
plurality of color channels by: selecting at |east a group of pixels within

said i mage; a I N .Gl . d summary
for each col (ﬁ;$ Eﬁi%ﬁtglpb Ega%}’%géﬁg{ﬁgg%g%%s\r%%ﬁ @%nt(flfa\% l?eéﬁ?‘%lr‘a'each

col or channel of said group of pixels by a sumchromaticity value for al
col or channel $6.0Thesmettiod pHelpimoi, whexaih the inmit ondgetdatadeo RGIB miwgadeta. gai ns f or
each respective color channel of the input inmage data by dividing the
chromaticity lue of . the.qgr.a rid . summary of, al.l col or channels of said
plurality of le Jgpelgﬁtgﬂ!ﬂgf@alﬂ{h\gy%eﬁ%ﬂw1@?@3@&6%&F %%ol or channel by a
sum of chromaticity values of corresponding color channels of a neutral
white point; a8dThe Mahb®oMelhife],iwhidin theagmt hadgd dat igBighalt put i mage by
applying the color channel gains to respective said col or channels of said
i nput inmage data, ,20. The device_ of claim19, wherein the circuit is a
processor. 161%1Animegipgdevics f9f peformingasolopbalapsing pprEatiqn o inputrimag

prune bxgl iy : i t : J r Rt 4 based on
D1 cdot iy n SR Snsdf 3id it S Bl Pk e eVl 20

sel ecteonyprismigs for inclusion in the gray

a circuit configured to:

calculate gray world information for the input image data having a

plurality of color channels by:
selecting at least a group of pixels within said image; and

determining a chromaticity value of a gray world summary for
each color channel by dividing a sum chromaticity value for each
color channel of said group of pixels by a sum chromaticity value for

all color channels of said group of pixels;

calculate color channel gains for each respective color channel of the
input image data by dividing the chromaticity value of the gray world |
summary of all color channels of said plurality of color channels other than
said respective color channel by a sum of chromaticity values of

corresponding color channels of a neutral white point; and

transform the input image data to an output image by applying the

color channel gains to respective said color channels of said input image data.

20. The device of claim 19, wherein the circuit is a processor.
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worl d informati on based on a range of high and | ow threshold val ues for
each col or channel. 23. The device of claim2l, wherein the circuit
determnes if the total nunber of pixels conplying with the predeterm ned
criteria is a predeterm ned percentage of a total nunber of pixels. 24.
The device of claim19, wherein the circuit fine tunes the output inage
wWth respect to the color channel sensitivity of the i mge sensor. 25. The
device of claim 19, wherein the circuit recursively cal culates the col or
channel gains. 26. The device of claim19, wherein the color channels
include red, green, and blue <color channels, and the circuit is configured

L0, SALEY! 2t e TRl Pl AR R kel RGBS N,
GAl N= &laﬁhﬁqhg(}hﬁgﬂabdwdﬂd@ﬁ@oNnﬁ@mMmeedeor@é&Htéﬁmr&d&nmiaor channel gain for the
green color channel, R GAINis a color channel gain for the red col or

channel , and l.or nnel ,gain.fo hanne

Chanel NG O b B B 2 BB R s NS ot ARl e
summar Yyofld iffofndtRd bafldum a sk EThEB and bW thréshalin@iifes fér@aEeedbrchladnel. and

N_CR, N.CB, and N _CG represent the red, blue, and green chromaticity values

of the neutral white point, respectlvely. 17 27. The device of claim 26,
wherei n the ci2edibe dpdce ofdlaimy2le whereip the girqui detesmings ifdhe;total anmheraof pixelse

col or %&ﬁﬂl?/ﬁllg Wit S pfae‘?ietfeﬂhllng’d’\%terla is a predetermined percentage of a total number of pixels.

24. The device of claim 19, wherein the circuit fine tunes the output image with respect

to the color channel sensitivity of the image sensor.

25. The device of claim 19, wherein the circuit recursively calculates the color channel

gains.

26. The device of claim 19, wherein the color channels include red, green, and blue
color channels, and the circuit is configured to calculate the color channel gains according to:

GW _CR+GW _CB

G_GAIN =-"= =

- N _CR+N_CB
mgWgAijimW_cg

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

of the neutral white point, respectively.
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GGAIN = (GW_CR* R_GAIN + (GW_ CB* B _ GAIN) N CR+tN CB GW
CGtGWCB R GAIN = G _ GAINB _ GAINan d N CGtN CB GWCR+tGNWNCG B GAIN =
R GAING _GAIN N CR+tN CB where G -GAIN is a recal cul ated col or channel
gain for the green color channel; R GAIN is a recalculated color channel
gain for the red color channel, and B GAIN is a recalcul ated col or
channel gain for the blue color channel. 28. The device of claim19,
wherein the col or channels include red, green, and blue color channels,
and the circuit is configured to cal culate the col or channel gains
according to: G GAl N=GANCR+GACB+GBI AS N CR+N CB+G BIAS GW CG+tGW CB R GAI N
= G _ GAIN an@7, hhedevicddt RaR6hEkin the Efdubtis frthel@inbghired téRLMsivBlyCR+N CG
where G GAINis a color channel gain for the green col or channel, GAIN is
a col edlculafaHiectologghannebgainsas fellavscol or channel, and B -GAIN is a col or
channel gain for the bl chappgl ; ,WG\% , Dﬁ);WCG represent the
chromaticity val@egA4INt= W RS EB /9 d, blue, and green
col or channels, respectively; N_CR+N_CB :
GW_CG+GW_CB

R Gam=G_GAN B _GAN
- N_CG+N_CB

GW _CR  GW _CG
R_GAIN G_GAIN
N _CR+N_CB

B_GAIN'=

where G_GAIN’ is a recalculated color channel gain for the green color channel; R GAIN’ is a
recalculated color channel gain for the red color channel, and B_GAIN’ is a recalculated color

channel gain for the blue color channel.

28. The device of claim 19, wherein the color channels include red, green, and blue
color channels, and the circuit is configured to calculate the color channel gains according to:

GW _CR+GW _CB+G_BIAS

G GAI]V= ]
- N_CR+N_CB+G_BIAS
—_gWG_AC]']C\;f +GW _CB
R GAI]V= — )
- N_CG+N_CB

GW _CR  GW _CG
5 Gam=R_GAN_G_GAIN

N_CR+N_CG

where G_GAIN is a color channel gain for the green color channel, R GAINisa
color channel gain for the red color channel, and B_GAIN is a color channel gain for
the blue channel; GW_CR, GW_CB, and GW_CG represent the chromatiéity values
of the gray world summary of the red, blue, and green color channels, respectively;
G_BIAS represents a tuning parameter; and N CR, N_CB, and N_CG represent the

red, blue, and green chromaticity values of the neutral white point, respectively.
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G BIAS represents a tuning paraneter; and N CR, N CB, and N _CG represent
the red, blue, and green chromaticity val ues of the neutral white point,
respectively. 18 29. The device of claim 28, wherein the circuit is further
configured to recursively calculate the color channel gains as follows: G
GAIN =(GWCR*R GAIN) +(GWCB*B GAIN) +G BIAS N CR+N CB+G BIAS GWCG+tGNCB R
GAIN = G_ GAINB _ GAINand N CGtN CB GNCR+tGNCG B GAIN = R _ GAIN G

GAIN N CR+N CB where G GAIN is a recal culated color channel gain for a
green channel; R GAIN is a recalculated color channel gain for a red
channel , and B GAIN is a recalculated col or channel gain for a blue
channel . 30. The 4R e tiSe B clfhPhfTwhrei e bR i8 ﬂrﬂlefzb(frﬁ%hfed'ﬁ LES
configured to normalize cal cul ated col or channel gains. 31. THe device
of cl aicalc@late thvhenler ahannsi gamsascfullows s configured to normalize the

cal cul ated col or channel n R _ GAIN
GGIN B AN @ B;WK&W QQ% &A}]@% (qumcﬁl\lﬁf—é?&)ﬁcﬁgﬁ‘%rt her
conprising circuifry for filtering Nh€RcaNcuTR+€&d 861%r channel gains with
a low pass filter.

GW _CG  GW _CB

G _GAIN B _GAIN

R GAIN'=—= = ,and
- N _CG+N _CB

GW _CR _GW_CG
R_GAIN G_GAIN
N_CR+N_CB

B_GAIN'=

where G_GAIN’ is a recalculated color channel gain for a green channel; R_GAIN’ is a recalculated
color channel gain for a red channel, and B_GAIN’ is a recalculated color channel gain for a blue

channel.

30. The device of claim 19, wherein said circuit is further configured to normalize the

calculated color channel gains.

31. The device of claim 30, wherein said circuit is configured to normalize the

calculated color channel gains as follows:

G_GAIN'=1.0
R Gamv=R_CAN
- G_GAIN
B_Gam=2-C4N
- G_GAIN

32. 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
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33. The device of claim19, further conprising circuitry for: storing a
predet er m ned nunber of color channel gains; and 19 cal cul ating the color
channel gains by averagi ng the predeterm ned nunber of stored col or
channel gains. 34. The device of claim19, wherein the inage sensor is part
of a video canera. 35. The device of claim 19, wherein the input inmge
data is RGB inmage data. 36. The device of claim 19, wherein the input

i mge data is anal og. 37. The device of claim 19, wherein the input inmge
data is digital. 38. A balancing unit that perfornms a col or bal ancing
operation on input inmage data from an inmage sensor, said input inage data

having a plural | e RohOLalNARRR Fains8 seliiis MORRILShAfed 2 lroult for

cal cul ating gray wor information Tor ata and for
cal cul at i ngnuobarof steesdrmelorghamsl gains. t he i nput i nage data based on the gray
world information and a neutral white point, said circuit configured to:

sel ect at | east r,oup o ixgel s, wthin.said i mage an for said group of
B xel s det or ritndPEAPYRES L R, Sl b s ensTE g AR A P BB Raach bl xel
of said group of pixels; divide a sumchronmaticity value for each col or

channel - by a 3%urmhe devds@of dtaityl % dherinf e inpld ini@é dita ¢S RABEMAgd data.det erm ne a
chromaticity value of a gray world summary of the color channel; and for
each respective | or chapnel , diyide the chromaticity value of the gray
worl d sunmary ¥ crg‘FldeY}S‘T cqa‘Eh]agnW preingpe LRpGHimage fate 1§ 3Aaloe: col or channel s

ot her than said 20

37. The device of claim 19, wherein the input image data is digital.

38. A balancing unit that performs a color balancing operation on input image data from

an image sensor, said input image data having a plurality of color channels, said unit comprising:

a circuit for calculating gray world information for the input image
data and for calculating color channel gains for the input image data based on
the gray world information and a neutral white point, said circuit configured

to:

select at least a group of pixels within said image and, for said

group of pixels:

determine chromaticity values for each color channel

of each pixel of said group of pixels;

divide a sum chromaticity value for each color channel
by a sum chromaticity value for all color channels to
determine a chromaticity value of a gray world summary of

the color channel; and

for each respective color channel, divide the
chromaticity value of the gray world summary of all color

channels of said plurality of color channels other than said
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respective color channel by a sumof chromaticity values of corresponding
col or channels of a neutral white point to determ ne a color channel gain;
and a circuit for applying the col or channel gains to respective col or
channel s of said input inmage data to generate an output inmage. 39. The unit
of claim 38, wherein the circuit for calculating is further configured to
prune the pixels used in calculating the gray world information based on
predeterm ned criteria. 40. The unit of claim 39, wherein the circuit for
calculating is further configured to select chromaticity val ues for
inclusion in the gray world information based on a range of high and |ow
t hreshol d val ues for I im39, wherein
the circuit for cal cu%ﬁ?ﬂ@%@g ur1ﬂﬂrb?asuﬂ>€?féz§}r}§n 'Eit tel%sgdrf?n ne if the
total nunber of pi xelcsrrmpnpdlygq@owllahndlmdqmeetielt\drltapwdt@r| teriais a

pr edet er m ned percegit a?‘g. of a]Ptokt‘aI lnunber of pixels. 42. The unit of
claim 38, wherein thé&¥¢ preolopphannel g aid g i s further configured to use
a systemtuning paraneter to fine tune the output image with respect to a
col or channel sengichit frtappBing thé1olorGhghes BalfOI0-regpdetivetBdldini t of cl ai m 38,
wherein the circuit for calculating is further configured to recursively
cal cul at e tdhannedy ofisaidianih énaggedatesto gaueraty pe oWfpptimgge.cl ai m 38, wherein the
circuit for calculating is further configured to normalize the cal cul ated
col or channel zga u f 13 | ow
pass filter f%? ?ﬁ%néfﬁncéé{}tﬁ%g glg%rgﬁ tgfé?umf cz)%cfu(}:!i Ptlltg %r Bg%&slﬁg%gd fa)The uni t
of cl aprm&@e pixglstused incahphitisg thy:gray2donhdimbormafion based)m'l pgddepmeetbd;rﬁma ned
nunber of col or channel gains, wherein said circuit for applying is

further C-Onf ; Q?: ﬁg 1iln1 iz{%g}lr zvevg%rple eO él?cnllt%hrac%?cuhatﬂg|1sn1%rtB<¥r c%\rll 12U % Pog the

pr edet er m ned
select chromaticity values for inclusion in the gray world information based on a range of high and

low threshold values for each color channel.

41. The unit of claim 39, wherein the circuit for calculating is further configured to
determine if the total number of pixels complying with the predetermined criteria is a predetermined

percentage of a total number of pixels.

42. The unit of claim 38, wherein the circuit for calculating is further configured to use a
system tuning parameter to fine tune the output image with respect to a color channel sensitivity of

the image sensor.

43. The unit of claim 38, wherein the circuit for calculating is further configured to

recursively calculate the color channel gains.

44. The unit of claim 38, wherein the circuit for calculating is further configured to

normalize the calculated color channel gains.

45, The unit of claim 38, further comprising a low pass filter for filtering the calculated

color channel gains.

46. The unit of claim 38, further comprising:
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channel gains. 47. An imager system conprising: a pixel array for providing
i mage signals; a readout circuit for reading out image signals; and an

i magi ng device that perforns a color bal ancing operation on input inage
data determ ned fromreadout inmage signals, said input inmage data having a
plurality of color channels, said device conprising an inmge processor
configured to: calculate gray world information for the input imge data
having a plurality of color channels by selecting at |east a group of

pi xels within said inmage and, for said group of pixels: sumchromaticity
val ues for each col or channel of each pixel of said group of pixels; and

determ ne a chr omiinogy foy stofihg @ pRddeRrBindd nnabdr @f cslongmniyel fggins,each col or
channel by dividing the sutmmed chromaticity val ue for each col or channel

by a sumof chromaticity .values for all aidngglor ch : cal cul ate
col or channel gaM Srefnoﬁa“g%ﬁf’ﬂlt Ygpeatnasd bf© HWHé‘Pc i nput i mage

data based g@pjof Hﬁnﬂé’l%ﬁm%&|aderhélf1€flﬁ$§écﬁfénﬂﬂled ﬂhMb&'df@toEé@leco%ray worl d
sumary chromaticity val ués of color channels of said plurality of

col or channehanneligaéns. t han sai d respective 22 col or channel by a sum of
chromaticity values of corresponding color channels of a neutral white

poi nt; and trazplsf&)ﬂﬁa%gre s{é&uéo é)g?g edata to an output image by applying

the col or chanfel gai 0 respec col or channels of said input inmage
dat a.
a pixel array for providing image signals;

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 input image data
having a plurality of color channels, said device comprising an image

processor configured to:

calculate gray world information for the input image data
having a plurality of color channels by selecting at least a group of

pixels within said image and, for said group of pixels:

sum chromaticity values for each color channel of each

pixel of said group of pixels; and

determine a chromaticity value of a gray world
summary for each color channel by dividing the summed
chromaticity value for each color channel by a sum of

chromaticity values for all said color channels;

calculate color channel gains for each respective color channel
of the input image data based on the gray world information by
dividing the gray world summary chromaticity values of all color

channels of said plurality of color channels other than said respective
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48. The system of claim47, further conprising a processor for receiving an
out put of said inmaging device. 49. The system of claim47, wherein the

i mge processor is further configured to prune the pixels used in
calculating the gray world information based on predeterm ned criteria. 50.
The system of claim 49, wherein said pruning further conprises determ ning
whet her to include inmage data in the gray world information based on a
range of high and low threshold values for each color channel. 51. The
system of claim 49, wherein said pruning further conprises determning if
the total nunber of pixels conplying with the predetermned criteriais a
predet er m ned pe , t ﬁBgF f Pl > e system of
claim47, wherei %&ﬁﬂ%%%n%g& a%‘rlrg(?grg?(glrlﬁﬁs coarll I é)g!r:&ei-gésﬁ%n u@ecol&syst em tuning
paranmeter to fi nehahn¢leof Hreutrat white poimgendnvi t h respect to a col or channel
sensitivity of the inmage sensor. 53. The system of claim47, wherein the

i mage processor is further configured to  recursively calculate the color
channel gains. 54. Th%a@g’éWéﬁ?wg%Fﬁﬁﬁ@%Fowwﬁn? el?y(f”(ﬁ’P ("&hannel s
include red, gr e&@coﬁ?@héﬂhblegairﬁ%férs%&:ﬂ%‘&ﬂbﬁqhaﬁ’rfk‘]js(H*%@id!iﬁ]ﬁﬁe processor is
configured to cal cul ate the col or channel gains according to: G-GAIN =GV

CR+GACB N CR+N DBge3da@®N CG +GWCB R GAIN= G- GAINd N CG-N CB 'an GW
_CR+GW_CG BGAN=R_GAING_ GAN

48. The system of claim 47, further comprising a processor for receiving an output of

said imaging device.

49. The system of claim 47, wherein the image processdr is further configured to prune

the pixels used in calculating the gray world information based on predetermined criteria.

50. The system of claim 49, wherein said pruning further comprises determining
whether to include image data in the gray world information based on a range of high and low

threshold values for each color channel.

51. The system of claim 49, wherein said pruning further comprises determining if the
total number of pixels complying with the predetermined criteria is a predetermined percentage of a

total number of pixels.

52. The system of claim 47, wherein the image processor is configured to use a system
tuning parameter to fine tune the output image with respect to a color channel sensitivity of the

image sensor.

53. The system of claim 47, wherein the image processor is further configured to

recursively calculate the color channel gains.

54. The system of claim 47, wherein the color channels include red, green, and blue
color channels, and the image processor is configured to calculate the color channel gains according
to: -

GW _CR+GW _CB

G_GAIN =
- N _CR+N _CB

b
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N CR+N CG where G GAIN is a col or channel gain for the green col or channel,
R GAINis a color channel gain for the red color channel, and B GAINis a
col or channel gain for the blue channel; GNWNCR, GNCB, and GWN CG represent
the chromaticity values of the gray world summary of the red, blue, and
green col or channels, respectively; and N CR, N CB, and N CG represent the
red, blue, and green chromaticity values of the neutral white point,
respectively. 55. The system of claim54, wherein the i nage processor is
configured to recursively calculate the color channel gains as follows: G
GAIN =(GWCR*R GAIN) +(GWCBBGAIN) N CR+tN CB GWCGtGNCB R GAIN = G _
GAIN B _ GAIN and N CGHWCBCEN CR+GWCG B GAIN = R _ GAING _ GAIN N
CR+N CB where GGAIN is Traltdlat €8 col or channel gain for the green

col or channel ; R GAYNW =i t @fd col or channel gain for the red
color channel, and B - GAI N_C&+aV&dhl cul ated color channel gain for the
bl ue col or channel. 56. The system of claim 47, wherein the color channels
include red, green, and@WudX c&iBr CRannel s, and the i mage processor is
configured to cal cul ate R he4pol @ _Ghaavinel gains according to: 24 G GAIN

=GV\LCR+GV\LCB+G_I§I_A@41N§F CREN BTG BEAS

where G_GAIN is a color channel gain for the green color channel, R_ GAIN is a
color channel gain for the red color channel, and B_GAIN is a color channel gain for
the blue channel; GW_CR, GW_CB, and GW_CG represent the chromaticity values
of the gray world summary of the red, blue, and green color channels, respectively;
and N_CR,N_CB, and N_CG represent the red, blue, and green chromaticity values

of the neutral white point, respectively.

55. The system of claim 54, wherein the image processor is configured to recursively
calculate the color channel gains as follows:
(GW _CR*R_GAIN)+(GW _CB*B_GAIN)

G_GAIN'=
- N _CR+N_CB
GW _CG , GW_CB
R Gam=G_GAN " B_GAIN .
- N_CG+N_CB

GW _CR  GW _CG
B Ga=R_GAIN G_GAIN

N_CR+N_CB

where G_GAIN’ is a recalculated color channel gain for the green color channel; R_GAIN’ is a
recalculated color channel gain for the red color channel, and B_GAIN’ is a recalculated color

channel gain for the blue color channel.

56. The system of claim 47, wherein the color channels include red, green, and blue
color channels, and the image processor is configured to calculate the color channel gains according

to:
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GW_CG +GWCB R GAIN =G _ GAIN and N CGtN CB GNCR+GN CG B GAIN= R GAIN
G _GAIN N CR+N CG where G GAIN is a color channel gain for the green
color channel, R GAINis a color channel gain for the red col or channel,
and B GAIN is a color channel gain for the blue channel; GWCR GWCB, and
GWN CG represent the chromaticity values of the gray world summary of the
red, blue, and green col or channels, respectively; GBIAS represents a
tuni ng paraneter; and N CR N _CB, and N CG represent the red, blue, and
green chromaticity values of the neutral white point, respectively. 57. The
system of claim56, wherein the i mage processor is configured to

recursively cal cul ate tagy celgarsahappels 9ai as follows: G GAIN =
(GWCR*R_GAIN) GGM&B—%?&G—B%—N—%&B+G BIAS GACGFGACB R GAIN -
G_GAINB- GAINan d N KB _SARIGAES B GAN = R GAING _ GAIN N

CR+N CB where G GAIN |eg@512§glculated col or channel gain for the green
color channel; R GAIN i —recgpulgt ed color channel gain for the red
col or channel, ?ng IC@AI §_G4lMa recal cuI aaed color channel gain for the

bl ue col or chan N _CG+N _CB

GW_CR GW_CG
R_GAIN ' G_GAIN
N _CR+N_CG

B_GAIN=

where G_GAIN is a color channel gain for the green color channel, R_GAIN is a
color channel gain for the red color channel, and B_GAIN is a color channel gain for
the blue channel; GW_CR, GW_CB, and GW_CG represent the chrométicity values
of the gray world summary of the red, blue, and green color channels, respectively;
G_BIAS represents a tuning parameter; and N_CR, N_CB, and N_CG represent the

red, blue, and green chromaticity values of the neutral white point, respectively.

57. The system of claim 56, wherein the image processor is configured to recursively
calculate the color channel gains as follows:
(GW _CR*R_GAIN)+(GW _CB*B_GAIN)+G _ BIAS

G _GAIN'=
- N_CR+N_CB+G_BIAS
G'W_CG_I_GW_CB
' R_Gam=G_GAIN _B_GAN _ .

N_CG+N_CB

GW _CR , GW _CG
R_GAIN G_GAIN
N_CR+N _CB

B_GAIN'=

where G_GAIN’ is a recalculated color channel gain for the green color channel; R_GAIN’ is a
recalculated color channel gain for the red color channel, and B_GAIN’ is a recalculated color

channel gain for the blue color channel.
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25 58. The system of claim47, wherein the inmage processor is further
configured to nornalize the cal cul ated col or channel gains. 59. The system
of claim58, wherein the i mage processor is configured to normalize the

cal cul ated col or channel gains as follows: G GAIN =1.0 RGAIN =R _ GAIN
G GAIN B GAIN =B GAIN G GAIN 60. The system of claim47, wherein the
image processor is configured to l'ow pass filter the cal cul ated col or
channel gains. 61. The system of claim47, wherein the inmage processor is
configured to: store a predeterm ned nunber of col or channel gains; and
cal cul ate the col or channel gains by averaging the predeterm ned nunber of
stored col or I 1 [Weal W&he! i mage
sensor is par ?ﬁg@g Sﬁiﬂgg?glgﬁl?e?’é’mé%gﬁ{?ﬁ@hgﬁrggﬁdgfﬁpgl m 4??&%2{3& n the
i nput inoexgpdize dteaalculaR@®olarebanndlegains. 64. The system of claim 47, wherein
the input image data is analog. 65. The system of claim47, wherein the

I nput i mage da§9".i Tha S)gsltg’}l toﬂzl'aim g?, wherein the image processor is configured to normalize the

calculated color channel gains as follows:

G _GAIN'=1.0

R Gam'=R_G4AN
- G_GAIN

B Gay'=3=04N
- G _GAIN

60. The system of claim 47, wherein the image processor is configured to low pass filter

the calculated color channel gains.
61. The system of claim 47, wherein the image processor is configured to:
store a predetermined number of color channel gains; and

calculate the color channel gains by averaging the predetermined

number of stored color channel gains.
62. The system of claim 47, wherein the image sensor is part of a video camera.
63. The system of claim 47, wherein the input image data is RGB image data.
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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