METHOD AND APPARATUS FOR GRAYVALUE | DENTI FI CATI ON FOR

VWH TE BALANCE FI ELD OF THE | NVENTI ON [ 0001] The
wonresatoss nvent i on rel ates generally to sen coRrdUAISEN06/049230

i mgers. Mre specifically, the present invention

relates to a technique for setting a white bal ance for

an i mage generated by a sem conductor imager.

BACKGROUND OF THE | NVENTI ON [ 0002] Sem conduct or

imagers are used in a variety of digital inage capture

systens, including products such as scanners, copiers,
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pi xel cells that are el eggA1L AN ¢E responsive to

incident light. Each cell 1n a pixel cell array

i ncl udes a photosensor for converting incident photons
into charge. The @ELExOFIIHEANEENTIENh cell is

out put as a pixel signal voltage. The collective pixel
signal voltages are processed to generate a _digital |,

{a0d] on Thetpresentpnyerdon selgées gomaally to gemjconductor imagers.
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cell is configured to receive incident photons and to

convert the i ngAdCGROVWNDNOF THE BEENTION signal s.
The pixel array 140 often conprises at |east three

different types of pixel cells. Pixel cells my |

¢e0023i n Photicsmdscos imhgerseare upedyingeyatielyvef digitgl image capture

certain band of wavel engths. For exa%g, SQne A
systemshindedingprodines sHFY as sFanMersecqiersean fidigttal cRmeras-

. are only sensjti.ve.to green_|ight | her. . el
semlcoé}ch%m ﬁnggﬁgb{m ly 8“%?% 53 Pb)%? -arra%)j Qnsa}rk-&} o?hgﬁf Sensitive pixe
cells that are electrically responsive to incident light. Each cell in a pixel cell array
includes a photosensor for converting incident photons into charge. The collected
charge in each cell is output as a pixel signal voltage. The collective pixel signal

voltages are processed to generate a digital version of the captured image.

[0003]  FIG. 1 illustrates a block diagram of an gxemplary semiconductor
CMOS imager 100 having a pixel array 140 comprising a plurality of pixel cells |
arranged in a predetermined number of columns and rows. Each pixel cell is
configured to receive incident photons and to convert the incident photons into
electrical signals. The pikel array 140 often comprises at least three different types of
pixel cells. Pixel cells may contain photosensors that are only sensitive to a certain
band of wavelengths. For example, some photosensors are only sensitive to red light,
others are only sensitive to green light, and still others are only sensitive to blue light.
Alternatively, the array may be covered by a color filter array such that each pixel

receives light associated with only a particular color (e.g., red, green or blue). lelus,



Al ternatively, the array nmay be covered by a col or

filter array such that each pixel receives |ight
wagsoarateed with only a particul ar col or (e.g. PCTA82006/049230

green or blue). Thus, pixel cells may be characterized

as red pixel cells (i.e., pixel cells wth

phot osensors that sense red |light), green pixel cells

and bl ue pixel cells. [0004] The arrangenent of pixe

cells in pixel array 140 may vary. In a pixel array

conprising only red, green and blue cells, a Bayer
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band of rvbweiehgﬂfsotdrrenpdmhng o ploee solof: of e pelil.gFboeiamypd detied pixel cell
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arrang usi ng the Bayer pattern. Thus, alternating

values 194§ Béfmlﬁér)p@l@teﬂa“v@rrﬁﬂl'teedut@mtmgf gfeamlghhdrlng(grpen@ml blue pixel
The ot her pixel rows have alternating blue and green

cells. Becemiss.this néérpedation progiss eeqwarrrﬁashelwlaaeoalﬁfgnvlhple pixel
r ow byr ow
outputs from multiple adjacent pixel cells, the process is referred to as a demosaic

operation. Through a demosaic operation, representative red, green and blue output

values may be determined for each pixel cell.

[0005] Pixel array 140 of FIG. 1 is arranged using the Bayer pattern. Thus,
alternating rows of pixels have alternating green and red pixels. The other pixel rows
have alternating blue and green pixels. Pixel cells of pixel array 140 are output row-by-
row as activated by a row driver 145 in response to a row address decoder 155.

Column driver 160 and column address decoder 170 are also used to selectively activate
individual pixel columns. A timing and control circuit 150 controls address decoders
155, 170 for selecting the appropriate row and column lines for pixel readout. The

control circuit 150 also controls the row and column driver circuitry 145, 160 such that



as activated by a row driver 145 in response to a row

address decoder 155. Columm driver 160 and col um
wadadirassedecoder 170 are al so used to sel ecti veCy/us2006/049230

activate individual pixel colums. Atimng and

control circuit 150 controls address decoders 155, 170

for selecting the appropriate row and colum |ines for

pi xel readout. The control circuit 150 al so controls

the row and colum driver circuitry 145, 160 such

thatdriving voltages may b e applied. Each pixel cel
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180. Othgg effects, such as accounting for a proper white balance, are also applied by

the image processor 180.

[0007] The concept of white balance arises in connection with light source
color temperature. All light sources have a specific light source color temperature.
Incandescent light sources have a reddish color cast corresponding to a lower
correlated color temperature. Other light sources have a bluish color cast
corresponding to a higher correlated color temperature. A light source that emits
purely white light has a correlated color temperature in between that of blue and red
light. Thus, the light source color température has an effect on the appearance of a
captured image. In the case of digital imagers, the photosensors in the pixel cells will
sense the incoming light of any light sources in the image, and the resulting digital

image has an effective color cast related to the color temperature of the light sources.



I ncandescent |ight sources have a reddi sh col or cast
corresponding to a | ower correlated col or tenperature.
warhero7dieght sour ces have a bl ui sh col or cast PCT/US2006/049230
corresponding to a higher correlated col or
tenperature. A light source that emts purely white
l'ight has a correlated color tenperature in between
that of blue and red Iight. Thus, the |ight source
col or tenperature has an effect on the appearance of a
captured inmage. In the case of digital imagers, the
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as enployed with a Bayer pattern, a picture with a

one that igi capterest usingenlighteourice witlpadvighl cokirtgmpdragire may be made
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less blye by modifying thetpd geeaband E,%’f@% digital BitputyRgerdingly to shift the

overalPESIBY Ha1HEE0 r’lq{engla)ﬁekge,so cfc}urger:],els in determining to what degree to -

modify the red, green and blue digital outputs.

[0009] One solution for determining to what degrees digital outputs should
be modified is to allow a user to specify the type of light soﬁrce present in an image,
and to then apply white balance adjustments to the image according to pre- or factory-
determined settings for the given light source. This solution may be limited, however,
by either restrictions on the number of predetermined light settings that may be
selected, or the willingness or ability of a user to choose an appropriate setting frbm the

available predetermined settings.

[0010] Another solution includes automatic detection of the image light

source, and then application of white balance settings according to the detected light

4'.



overal |l col or bal ance. The chall enge, of course, is in
determning to what degree to nodify the red, green
wanaa7reesdi gi t al out puts. [0009] One sol uti onPEDUS2006/049230

determining to what degrees digital outputs should be
nodified is to allow a user to specify the type of
i ght source present in an imge, and to then apply
white bal ance adjustnments to the inmage according to
pre- or factorydeterm ned settings for the given |ight
source. This solution may be |imted, however, by

source! e fﬂﬁfs JoRsfibh Cin ARAgE Préf@sorsdedts @fregi@d 8t pb@l.«ﬁ&ﬁbe analyzed for

| i ght settings that nay be sel ected, or the
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appropriate setting fromthe avail abl e predet erm ned
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for a determ nation of whether the pixels in the
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automatic detection nethod is successful if alig
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reflect H@W €8st 16k 4l g?@f' ﬁ@ﬁﬂ sYuice. Tthen piids iredid del@dted region may not,
m's-anal ysis of piXels within the sel ected regi on of

and mypy kedtead Fefleetdigitt st Boneofiierdightisnutdes. w peleding both pixels
region of pixels may accurately refl ect ght cast

represénting gray dght sgrrces @ndd@xekamﬁreﬁsmaélgsothﬁr 1Bt seuecep gy a white

balance ¢ ic% at101¥ t?le resulting white balance calculation using such pixels may result

in an incorrect white balance determination. This problem may be eliminated by more
effectively analyzing the selected region of pixels so that only pixels that represent a

- gray light source are included in the determination of what light source is present.

[0012] Thus, to improve white balancing and other image processing, a
method and apparatus are desired that can effectively determine which pixels of a
digital image are associated with pixel outputs that are representative of a light source,

and then use those pixels in a white balance operation.
BRIEF SUMMARY OF THE INVENTION

[0013] A method and apparatus are pfovided for determining which pixels of

a plurality of pixels have outputs which are reflecting of the color temperature of a light



and may instead reflect |ight cast fromother |ight

sources. By including both pixels representing gray
woOiRgimo79e8r ces and pi xel s representing ot her | PQitUS2006/049230

sources in a white balance cal culation, the resulting

whi t e bal ance cal cul ation using such pixels may result

in an incorrect white bal ance determ nation. This

probl em may be elimnated by nore effectively

anal yzing the sel ected region of pixels so that only

pi xel s that represent a gray |ight source are included

- . . o , o
source. By RGP Ol B PSR B 55 Wi souce
may be ' JSREEnR R4 Pancfopiion. and apparatus are desired

that can effectively determ ne which pixels of a

digital image are associated with pixel outputs that )
[@04] epladhatratthoe aid appagitas o6 the mveatipr, hlae pieds are examined
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operati £ the color tenperature of a lightsource. Those
P I'xels which are deterimned to be representative of a

gray light source may be used in a white bal ance

oper ati on. BRIEFIDESCRIPTIGNIOH TaHH BRAWHIGS of the

i nvention, the pixels are exanmined for a relationship
anong the col or conponents (e.g., R .G B) of a pixe
WRigh mddG. 4 ipaddeciedingram ef am exemplanbigmisondustor imager;
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tenperature, according to an exenpl ary enbodi nent of
fooe7] nverTd. 3ris a block diagram of an image processing pipeline, according to

an exemplary embodiment of the invention; and

[0018] FIG. 4 is a block diagram of an imaging processor system, according to

an exemplary embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0019] Photosensor outputs are partially dependent upon the color
temperature of any incident light source. However, for a light source of any given color
temperature, the ratio of a pixel’s red, green and blue pixel outpu ts is relatively
constant, as shown below in equation 1. For most light sources and for primary color
filter arrays with dye and overall p_ixel spectral responses typical for the industry, the
calculated ratio C(T) may be shown to be roughly constant between a range defined by

Crmin and Cmax (see equation 2).



[001 7] FIG 3 is a block diagramof an inmage
processi ng pipeline, according to an exenpl ary
wenhodryent of the invention; and [001 8] FI G PATIUS2@6/049230
bl ock di agram of an i magi ng processor system
according to an exenpl ary enbodi nent of the invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 001 9]
Phot osensor outputs are partially dependent upon he
col or tenperature of any incident |ight source.
However, for a light source of any given col or
t enper at ure, thel{( kgpf{ a pixel's red, green and
Equatibhue pi xel G(@@)p= i stcowdl y constant, as shown
bel ow i n equati on TRor nost i ght sources and. for
primary color filter arrays with dye and overall pixel

.S tral regpo typi cal for the industry, the
Equahg& ul at ed ﬁgit'%?)@@)%@may be shown to be roughly

constant between a range defined by Crin and Cra (see

ion : = (I * : .
Al on Fg(); %%HQME%%IGS{Q@,%S;OE‘ 68% Sjﬂc Il%eﬂ%%?ﬁo(\:/\g) as a function
of ligh? SRR AOLRMP Nt RS a6 Aekinkatbedwitich & Noteghat, for the sample
unction of li'ght source col or "tenperature, as defined
valuestBhoR@niair appér ahtadoreatthréshiold keukhbpidetershines! towen which all
an upper and a | ower threshold coul d be determ ned )
illustratetie@ wehieshlial Thiss) inst captugeddigitaldmass, red, grerpand blue pixel

in a captured digital imge, red, green., and blu ixel. .
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C(T) for a pixel is within the defined range, then the
definegi vagiges themt thetpsixel's butpts veillieindudedin the determinaéen of an

of an o,
appropriate white balance setting for the image. If, on the other hand, a pixel’s
calculated ratio C(T) is not within the range specified by equation 2, then the evaluated
pixel outputs likely are not representative of the color temperature of a light source,
and the evaluated pixel will not be included in the determination of a white balance for
the image. By selecting only those pixels whose output meets the requirements of
equation 2, the pixels used to determine the appropriate white balance more accurately
reflect the color temperature of the light source for the image and a more accurate white

balance may be set.

[0021]  The thresholds Cmin and Cmx may be determined by first referencing
an ratio C(T) for a given sensor type and then determining an allowable lower and
upper threshold for a range that includes the ratio C(T). The ratio C(T) may be found
either experimentally for any given sensor type, as is shown in FIG. 2, or the ratio C(T)

may be calculated using the known spectral response of the given photosensor type.



appropriate white bal ance setting for the imge. If,
on the other hand, a pixel's calculated ratio C(T) is
waabomiredss n t he range specified by equation 2, PCaIS2d06049230
eval uated pi xel outputs likely are not representative
of the color tenperature of a light source, and the
eval uated pixel wll not be included in the
deternmination of a white balance for the inmage. By
sel ecting only those pixels whose output neets the
requi renents of equation 2, the pixels used to
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entire pixel cell array or even a small region could

be prohibitive in terns oR.Bjal culation tinme and
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[0023] Equation 4 expresses the same relationship as in equation 2, but in
evaluating equation 4, no multiplications or divisions need be used. Instead, only
additions and a logarithm function are used. To further simplify the necessary
operations, the logarithm function may be implemented via a hardware or software
lookup table. The lookup ta.ble may be constructed in a limited manner so as to reduce
the number of lookup entries, as explained below. Also, since Cmin and Cmax are
determined in advance, the values of Logz(Cmin) and Logz(Cmax) may be precalculated
and loaded into storage locations, e.g., comparator registers, before any image

processing commences.

[0024]  The reduced lookup table for determining logarithms may be

constructed according to the following guidelines. First, input data (in this case, Ry, Gij



shown bel ow i n equation 3 and then expanded in
equation 4. Equation 3. . Log2(Cmn ) Log2(- ) <
waouzfo@mzx ) Equation 4. Log2(Crmin ) < 2 Ry ) PCLA§g2008049230
) - 2 *Log2(G ) < Log2(Cmax ) [0023] Equation 4
expresses the sane relationship as in equation 2, but
in evaluating equation 4, n o nmultiplications or
di vi si ons need be used. Instead, only additions and a
| ogarithm function are used. To further sinplify the
necessary operations, the logarithmfunction may be
| npl enented, via a;h e
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the sulstalslagsinke tla¢ suindable.will haonPoerdties. r egi sters, before
any image processing conmences. [0024] The reduced

| ookup table for determ ni | ogarithps may b
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can be constructed for Iinput data with

values%lly(xFiﬁ RRSrdihts wivheg@atiortB. The size of k is chosen
inrelation to the desired size of the sub-table,

since the sub-table will have 2k entries. [0025]
Equatibeshi t e t he A(xptlglnunber of entries in the sub-table

Lk(x), the subtable Lk(x) may still be used to

determ ne 2n | ookup val ues. For input val ues that have,. :
Input vakuegghat have s-kehuppet bits eqrpbtapBre H}ﬁt%a‘f gvluaied according to

cquatth C bt 8 S S Ui ot 88y Ffbon

(x)
Equation 6. F(x)=L, (%) +1
Equation 7. Log,(2x) = Log,2+ Log,x =1+ Log,x

The term x/2 may be found by simply right-shifting the binary input value x.

[0026] By reapplying the identity of equation 7, lookup values may be
calculated for input values that have n-k-2 or even n-k-q upper bits equal to 0. In the

general case, where n-k-q upper bits are equal to 0, equation 8 applies.
Equation 8. Fx)=L, (Exq—)+' g, where n—k—q=0

Thus, a small lookup sub-table may be extended to work with a large number of input
values. This way, the calculations required to solve equation 4 only involve additions,

right-shifts and logarithmic functions (via lookup tables).



I nput val ues that have n-fc-1 upper bits equal to O

are instead eval uated according to equation 6.
waqoeto7enwss6 i s valid because of the identity SROWUS2006/049230

bel ow in equation 7. Equation 6. F(x) =Lk (-) +1

Equation 7. Log2(2x) =Log22 + Log2x = 1+ Log2x The

termx/2 may be found by sinply right-shifting the

bi nary input value x . [0026] By reapplying the

identity of equation 7, |ookup values may be

cal cul ated for input values that have n-k-2 or even

&QE?E g%ggt&rﬁ%iéage%ﬁ&g eacl]}lgtqton ljfé]l ll‘j'l%] ga\%’ﬁﬁzcg If:%%gzécmm) and
Logz(C,gap)Dxlaila% ﬁﬁg@gf#rgc? P§ f(du%)dm lfhé calchildted terd/i@ #t® dcdm Farator

p stb-table may be extended

Howevey! éar¥ichiisithd @ilaa tBLéﬂéaEe gHatithp Wbaded vekies Bre sipdayed whenever an
the calculations required to solve equation 4 onl

y
analogloli?\dlgitel gaiai it appdiedrtbghe pikelfresdants. | Bygapphtingequations 9 and 10

functions (via | ookup tables).[0027 Ret urn| n
below, tthe a@datecb thiesholdevalaies loge(Commoand. m%bfgge caQCulated

be si I|f|ed ad the
using (Ud}’@tglldatl‘é@ 1{1g]¥\ﬁ§hyfﬁpgp apdd E%‘g‘?? qﬁﬂ*ﬁe{}g’# ‘care nust

be taken to ensure that the | oaded val ues are updated

never ang lhedtig) | (% ,BS) 2pRb, oyt he
Equah%?)%él r eadod %ﬁtog (io RV rltztslgéggt né)9 an%lze(%ﬁ BZEI ow,
t he updat ed threshol d val ues Log2(C m n) and

BasanbfEFHC 0 LIBCED) ESLRERRA R IED rlk 9L

| og mc 100 Equat 1 on
9. Log2(C ) - 2Log2 kGGIJ ) Equatl ons 10. Log2(Crain )

= LOgZ{kR) ( —) g'ZL y 3 ( 'an ax
max = Log%?%zg%%ﬁ’—‘lsmlé 9 A;g% )(LkoD')g:’-zkzlfgggr)Z(Crga%;\(f§
The Iogarlthrrs of the gal n const ants kR, k and k may
The loggrig[tﬁg ak e ghieeoHiarsts &k Skb Ard R lmakbp pratdleulated and stored in a

lookup table.

[0028]  Lookup tables may be located in a micro-controller or on a micro-
processor read-only memory (ROM). Alternatively, lookup tables may be implemented

in a hardware pipeline.

[0029] In an exemplary embodiment of the invention, as shown in FIG. 3, an
image processing pipeline 480 is used, controlled by a micro-controller subsystem 490.
The image processing pipeline 480 is an exemplary version of an image processing
system such as that implemented within the image processor 180 (of FIG. 1). In FIG. 3,
pixel outputs received from a pixel array by differential amplifier 462 may be subject to
a gain operation. The amplified pixel output signals are digitized by an analog-to-
digital converter 475. For each pixel, a red, green and blue digital pixel output is
determined. If a Bayer pattern is used in the pixel array, the association of red, green

and blue pixel outputs for each pixel will require a demosaic operation 410.
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[0028] Lookup tables may be located in a

mcro-controller or on a mcro processor read-only
woraorogoqeROM) . Al ternatively, |ookup tabl es mapCiaS2006/049230

i mpl emented in a hardware pipeline. [0029] In an

exenpl ary enbodi nent of the invention, as shown in

FIG 3, an inage processing pipeline 480 is used,

controlled by a micro-controller subsystem 490. The

i mage processing pipeline 480 is an exenplary version

of an inmage processing systemsuch as that inplenented

Ehddth” o, Bah 3@?24%@%?%’%#@%% G g blys B pitéfoutputs are
evaluagépcie E)gies}é%ﬁftl‘]zﬂ gﬂ@a’.n%f/?ﬁatépgzm% a5k, g?éert £nd@ B¥&Eé Pixel output for

ed pi xel® output Signals are
each pBldlahlZ@cddtedn vk b0 @prader@P/BOERC; Hi0Y cabhpixel, as
each pixel, a-red, green and blue digital pixel output
explaihéd debquations1-4 fThe Bdyelatedvabrenlog:(Uy tdthen ddmeparedewvith the
array, the association of red, green and bl ue pi xel )
threshold patuesfofiLogahipiare LogA EreklyiicPRaratars)- Jf a gain operation

operation 410.[0030] Each pixel's associ.ated red.,R
has ocghied ko aR@liedos erdnogiin e esharbyaREs Lag ety ) and
val uator 420.. Eval u i I '
Log(Ciebin st AU T Seishiice Bt Rtn Fidor kg 3 Ak as shown
i 0920 RICU1LBY. iGrdbuhlto @RABbL B I by aBe
n1equégéﬁgﬁgég%%%ngﬁg%?%%S 1-4fkgﬁ%x%algula?ed val ue Y
maxinh @829 misirhhenteesheldsfa vigral Sheid dere shthel wiikebslanfe statistics
Log2(Cm n) and Log2(Crac) by conparator 430. If a gain
unit 44f)éndicatingttashe codt thed they cuakplated pixel épraprepempdiveiaf@ color
threshal d val ues Log2(C m.x) and Log2(C mn) are
temperatuse of a|lightHoBECS th reference to the gain factors
I SR, k Gand kB, as shown in equations 10. If the

| at g vial rtidsSurdi PYallt& for onl

a2 SR B RS I o UOARGpyal 8 for only

those %&e’i.ﬂﬁxa‘@"&bhf‘d 135&R thle@lolSt febipatatiire/sthh lightlsG@ice) @ determined
o0 the unit that the -eval uated pixel is representative

by theQfordps@iter 43®niehatigral Sig i sehit ghths vditebalance statistics unit 440
from the comparator 430, the white balance statistics unit 440 will include the evaluated
pixel outputs in its determination of an appropriate white balance setting for the image.
When the signal Sig is not sent to the white balance statistics unit 440, the evaluated
pixel is omitted from the determination of an appropriate white balance setting for the
image. After the white balance statistics unit 440 has collected pixel outputs for those
pixels that could represent a light source for the selected region of pixels, an
appropriate white balance is determined and the associated shifts Rave, Gavg and Bavg in
the red, green and blue pixel outputs, respectively, are calculated as gain values and

sent to the white balance setting unit 450 for application to the red, green and blue pixel

- outputs.

[0032] The above-described embodiments of the invention are directed

towards determining appropriate pixel cell outputs for use in setting white balance for

11



[003 1] White bal ance statistics unit 440 collects

pi xel output values for only those pixels that could
woepasens t he col or tenperature of a |ight SOBCTARIS2@86/049230

determ ned by the conparator 430. If the signal Sig is

sent to the white bal ance statistics unit 440 fromthe

conparator 430, the white bal ance statistics unit 440

will include the eval uated pixel outputs inits

determ nati on of an appropriate white bal ance setting

for the imge. Wen the signal Sig is not sent to the

- whi St it .440. th | d pixel .
o i O P AL 55 b BB LR e
pipelitdli ORRMIREE fn 8RS At RoiLl ﬂko%ﬁ&el BRI thAY fdét@ig-rﬁ’iﬂ&&l of pixel cells

bal ance statistics unit 448 has col | ected pix
representipgtliptteoutrbasaapibedhiplehrinted ub ditheP6FRAlre tntebtdted with the
_ source for the selected region of pixels, an
imagegppresor ar @swstandizddnnseftivere prednitratdrahon bvarrier medium (e.g.,
associ ated shifts Ravg, Gavg and Bavg in the red, '
compyjeg sepdahle staragp mediugytoempact disp serversioppuates storage drive) and
. cal cul ated as gain va . and sent t he ite .
installff ofs 58 tEr & rn, AES ORI Bne slilicchin S wad recognize
[ ] The
that h%tdg/g%-e e%?#ﬁiagléﬁ%a?%ﬁ#‘?%?‘bg g%?'i nvention are
directed towards determnining appropriate pixel cell
qoomB]t s faddidially, 68é bkillkdWiRithe apelvan¢ecdfaiiad thamdfbodiments of
The invention has been described in reference to an
the inverdiyn praydesesedyirpy padis grpdsd digithl Bdaga sysdtenay indkirdling, but not
recogni ze, then, that the determ nation of pixel cells-

limited & cosaplerignirryy metalerde semigondugtap (EMABLend sharge-coupled
. el ft i nt ted with the, i

devieeC I i tsikoBisF And st 5 ot SLbPB e ahpRBR e

cescrl SR8 LU o tons BQUPULS] SRR L5808 TRAMTL (RGB) color

systend, RgudtioRd 1010 AhFPPESBFerftb i | dth@Pablo¥ sy8Rens, such h

Y skréi%]] led in the art vvouleé recoger?i) e that hardv?gre > suchas a e,

saturatioh anidovel ue (HSV )adysterh eriainhes srtiration] HBBEhiness (HSL) system.
Additionally, one skilled in the art will recognize

t hat enbodi nents of
[0034] A typical processor system 1000, which includes an imager device

1030 according to the present invention is illustrated in FIG. 4. A processor system is
exemplary of a system having digital circuits which could include imager devices.
Without being limiting, such a system could include a computer system, camera
system, scanner, machine Qis'ion system, vehicle navigation system, video telephone,
surveillance system, auto focus system, star tracker system, motion detection system, or

other image acquisition system.

[0035] A processor system, such as a camera system, for example, generally
comprises a central processing unit (CPU) 1010, for example, a microprocessor, that
communicates with an input/output (I1/0) device 1020 over a bus 1090. The imager 1030
also communicates with the system components over bus 1090. The computer system

1000 also includes random access memory (RAM) 1040, and, in the case of an imaging

12



the invention may be used in various types of digital

i mge systens, including, but not limted to,
woaoglessnt ary nmetal oxi de sem conduct or ( CMOSPCa@WS2006/049230

char ge- coupl ed device (CCD) systens and ot her inaging

systenms. Furthernore, although the described

enbodi nents have been directed to a red, green and

bl ue (RG@) color system equations 1-10 may be

converted to apply to other color systens, such as a

hue, saturation and value (HSV) systemor a hue,

et Y R S R o v e

commbﬂﬁgﬁ[ ftr ??Hlﬁ%l:(?s%}%g biyg 10901 Tﬁag&e $640 is ﬁé@éitabgﬂconstructed

A processol’ system’i
as an 131%'!’9{@1 Mr&jlt AHEYR iRdubday bl sl cghiatthing 4 phbtd%embtbn; Buch as a
co i ncl ude i nager devices. Wthout being limting,
photogate lorplmtetikrde clihelimagéntisOlaneypeuteenbispsitwith apragessor, such as
system scanner, machine vision system vehicle
. a CPUndxglgadtSLgmalsWQt:mrwm@erqfssmeWIﬁhﬁK/W“{h%é@emow storage in a
system auto _focus s stem S%Fé'r fracker %stem not i
single u@ﬁeseqqeér%%% SFMaY beorer dit gat glugy SrPf§§§~°t58Fn
[ 0035] A processor system such as a canera system
f xa I
10030K Gl Pl TG PEH S b RENS BF e pEeh e L Rt Rafbecn
describ&EHBY € at SRoMid be aRdeRRYGA Qﬂéw&y(ﬂdv@)bdéﬁvp@eedﬁa%y way of
over a bus 1090. The i mager 1030 al so communi cat es
examplétand het Hysitatiore oltpeilkne spparent ho petB96. skilled Uotlp:ut@vant art(s)
system 1000 al so i ncludes random access nmenpry

that varieids changesiin fobe and detsl ean bmd@g%%@@wﬁw# ﬁepa'&eng from

the spligh it g«?c?t'@ Eoneest G vaR AN RO E O e%{%gg{ Hhyesen should not be
030 f as an

hmlte‘% gty ead}y cellbr]bcvlﬁ'gegﬁﬁ fhd e ?ﬁ%%eg pi g geglgnt aining a

phot osensor, such as a phot ogate or photodi ode. The

i mger 1030 nmay be conbined with a processor, such as
a CPU, digital signal processor or m croprocessor,
with or without nmenory storage in a

13



single integrated circuit, or may be on a different
chip than the processor. [0036] While various
wentrdryeat s of the present invention have beeRCT/US2006/049230

descri bed above, it should be understood that they
have been presented by way of exanple, and not
limtation. It will be apparent to persons skilled in
the relevant art(s) that various changes in form and
detail can be made therein w thout departing fromthe
spirit -and scope of the present invention. Thus, the
present invention should dimted by any of the
above-descri bed exenpl ary enbodi ments. CLAIMS What is
clai med as new and desired to be protected by Letters
Pat eNhapfs dliEnélliabewohall @tesired td.befprirbhied Bf LuttédsPatent of the
bal ance control conprising: determning if a set of

United Btades 3si xel outputs for selected pixels of a captured
i mge have a relationship which falls within the range
of max a ni.mym.t hreshol d val ues; and if said
col or é.%ﬁhﬁ?%&%@% FAMER) CHBRFISIWRI ch fal | s
within said range, using said set of color pixel

g#iétg{'{g:fhih% ifa W8 LEcBRL 2R o‘iﬁ‘%ﬁ%ﬂ i s@ibcreéd pi P-I;Hﬁs HP% B8Ftured image

wher el n sal col or pi xet out
have a@fefati @hiRwh@ha8lls @h@r@\e%ﬂg bB}n&HhﬁﬁhSarﬁP&ﬁﬁhdm threshold
relationship is CI= RB/ Q. 3 he net hod of claim 2,
valuesphadei n rel ati onship CT is determ ned w thout
performng a nmultiplication or division operation. 4.
gge nmethod of claim2, wherein the cal cuI ted val ue is

drgAlerpixal rﬁ’g‘tEHF%F‘%\YFd? telafionshigi whish Sllspwithipysaid range,
tl
wsing LSHPOPRSERLR0 o ORI gkl
2. The method of claim 1, wherein said set of color pixel outputs are red (R),

green (G) and blue (B) outputs and said relationship is Cr = RB/G2.

3. The method of claim 2, wherein relationship Cr is determined without

performing a multiplication or division operation.

4, The method of claim 2, wherein the calculated value is determined using

only addition, register-shift and -lookup operations.

5. An apparatus for determining which pixels of a plurality of pixels are
associated with a set of color outputs generated in response to a light source having a

predetermined color temperature, said apparatus comprising;:

a calculating element configured to calculate a relationship between the set of

color outputs for each pixel; and

a comparing element to determine whether the calculated relationship associated

with each pixel is within a range bounded by a minimum and a maximum threshold,
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associated with a set of color outputs generated in

response to a light source having a predeterm ned
woabwro7ecesper at ure, sai d apparatus conpri si ng: PaT/US2006/049230

cal cul ating el ement configured to calculate a

rel ati onship between the set of color outputs for each

pi xel ; and a conparing el enment to determ ne whet her

the cal cul ated rel ationship associated with each pi xel

is wthin a range bounded by a m ni num and a maxi num

threshold,and, if the relationship is within the

. | ncl ud h i xel' f ' .
e, Sl GRS o B L P BB B gt

. r e set of color outputs conprises a red
Whlte?%amgcgircggn ) and a blue (B). color output and said

relationship is CI=RB/ Q. 7. The apparatus of claim 6,
\ier ei Thé hpparitas batkim/s)wikerein die¢ setrofradombtityouts comprises a red
using a multiply or division operation. 8. The
(R), a gimear(&)us:dod bhua(Bh®lombieteitrarchsnid selationship iefue RB/G
determ ned using only addition, register-shift and

| ookup_operations. 9. Th aratus of ¢laim®6, . .
ar t heFReaRBRTAHAGE SlaimuRBhE RN &he GrlspatRd o Big Bodggrmined

.., tabl.e h f t ies. wh h d.
witnolf R GeE AR of ARIBRFIRUER: bt S oo oo S

data bits, respectively. 10. The apparatus of claim?9,

vrer ei thi BephRrks Bf chithes Nehefith the kaletldted Salitd By determined
is less thah n. 11. The apparatus of claim 10, wherein

using bty hddidumn, reiseerishiftenid nokegh operadionsed directly for
data inputs that have n-k upper data bits equal to

. zero. 12. The apparatus of claim 10, ,wherejn.the .
|BokupTheppparafus @ﬁﬁfagm G U e EORUEINga 19okith RlR gvherein the

looku% Egélpg%\%&s&é e PP &L iRl 3hE AR gre@n 2RIO1% dEoNutputs are

data inputs each having n data bits, respectively.

10.  The apparatus of claim 9, wherein the lookup table has only 2* entries,

where k is less than 7.

11.  The apparatus of claim 10, wherein the lookup table is configured to be

used directly for data inputs that have n-k upper data bits equal to zero.

12.  The apparatus of claim 10, wherein the lookup table is configured to be
used for data inputs that have n-k-q upper data bits equal to zero by using the lookup
table directly for data inputs right-shifted g times and then adding g to the lookup table

result.

13.  The apparatus of claim 9, wherein the lookup table is a logarithm lookup

table.
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table directly for data inputs right-shifted g tines

and then adding g to the | ookup table result. 13. The
wapperiatss of claim 9, wherein the | ookup tabl eCTAIS2006/049230

| ogarithm | ookup table.14. The apparatus of claim5

wherein the conparing elenment is configured to

recal cul ate the m ni nrum and maxi mum thresholds if the

set of color outputs is subject to a gain operation.

15. The apparatus of claim 14, wherein the conparing

el ement references a logarithm| ookup table to find

14! 093fHd al%ftugéf Aafiflss batidreir fidl cathpaddgadeinent Reconfigured to
m ni mum maxi mum t hr eshol ds duri ng recal cul ati on.

recalmlaﬂ@the&ﬁixﬁm&ﬁn& rfaimieh ehrdshbhds id the beit ofocdbi putputs is subject
between a set of color outputs of a. pixel, conprising:

to a gain apesdtoani.at i ng el enent configured to calculate the
rel ationship between the set of coI or outputs, wherein

156 Hnmapurats e B TR B tubrkalar ol fnees
logarlthr%ice(%[& ?alﬁzﬁ dofi g.n logar 5 e%%k gﬁ% ﬂgs {: %I\@%E'e gﬁtﬁg%{%o the
mmlmunf'tl ?\ddrﬂgﬁuhpﬁyhﬁ'esﬁ@l‘a@ cﬂﬁ’ﬁﬁg dedaléahBoRi tS,

respective 17. The apparatus of claim 16, wherein
t he | ookup table has only 2k entries, where k is |ess
16t hanAn apphatubifer aepemainisg awéla@IOauSI‘np.l.bﬂV\M!%‘r aiset efeolor
| ookup table is configured to be used directly for
outputs ofet pixehPMPLBAG: have n-k upper data bits equal to
zero. 19. The apparatus of claim 17, wherein the

| qokup. ta I e | CORf i | t Se
© SRS LRI B0 PR e s
color out&)%%s,lveﬂ&lég’n the set of color outputs comprises a red (R), a green (G) and a
blue (B) color output and said relationship is Cr = RB/G% and

a lookup table having fewer than 2" entries, where the red, green and blue color

outputs are data inputs, each having n data bits, respectively.

17.  The apparatus of claim 16, wherein the lookup table has only 2* entries,

where k is less than n.

18.  The apparatus.of claim 17, wherein the lookup table is configured to be

used directly for data inputs that have n-k upper data bits equal to zero.

19.  The apparatus of claim 17, wherein the lookup table is configured to be
used for data inputs that have n-k-g upper data bits equal to zero by using the lookup
table directly for data inputs right-shifted g times and then adding g to the lookup table

result.

20. The apparatus of claim 16, wherein the lookup table is a logarithm lookup
table.
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table directly for data inputs right-shifted g tines

and then adding g to the | ookup table result. 20. The
wapperiatass of claim 16, wherein the | ookup tabPeTius2@6/049230

| ogarithm | ookup table.21. An inmmger, conprising: a

pi xel array wherein each pixel in the pixel array is

associated with a set of color outputs; a calculating

el enent configured to calculate a rel ationship between

the set of color outputs for each pixel; and a

conparing el enment for determ ning whether the

%glculated relat|onshhg,associated W th each pixe

r

et s £ PPRGSY SPHAE 8 i teria, and, if the

rel ati onship neets said criteria, for including the

Qgﬁiﬁél atray WitireGPefh PikePiH thd Pixal ftal8s Bedoritaed with a set of color
I'culati'on. 22. The imager of claim2l, wherein the

outputsy edetermned criteria is that the cal cul ated
relationship is within a range bounded by a mini murh
and a maxi mum t hreshol d 23 The |nager
mk@ﬂmng glegéenbeortfmﬁ ddgrsaigudatesmis! ?E%'ég‘aprf&&w(eﬁy‘,the set of
and 2 blue (B) col or output and said
COIOIOPélP‘éfsi §ﬁF}&HD§e CH'RB/ 2. 24. The i mger of claim 23,

wherein the relationship is determ ned w thout using a

o&lj\nﬁé%ng etk Hh¥hBiAUROEhAIhE Whetber THEcAIERBEEd 8élationship

eln the relationship is determ ned using

assoc1aﬂ€di YvitH @ath Pixelragestagpresletdrimimed dritefiaparohef tie migtlonshlp meets
26. The imager of claim23, further conprising
said criteriyfortiabluelingtthe gixeltsrest b6 oRloy qdbiits rmaaswrféwebalﬁﬁ@mcalculaﬂon
2" entries, where the red, green and bl ue col or

r . e
%Ut pUt'Is’heaurI%ager of claim 21, wherein the predetermined criteria is that the

calculated relationship is within a range bounded by a minimum and a maximum

threshold

23.  The imager of claim 22, wherein the set of color outputs comprises a red

(R), a green (G) and a blue (B) color output and said relationship is Cr = RB/G?

24.  The imager of claim 23, wherein the relationship is determined without

using a multiply or division operation.

25.  The imager of claim 23, wherein the relationship is determined using only

addition, register-shift and lookup operations.

26.  The imager of claim 23, further comprising a lookup table, wherein the
lookup table has fewer than 2" entries, where the red, green and blue color outputs are

data inputs each having n data bits, respectively.

27.  The imager of claim 26, wherein the lookup table has only 2 entries,

where k is less than n.
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data i nputs each having n data bits, respectively. 27.
The i mager of claim 26, wherein the | ookup table has
wonbor/029ent ri es, where k is | ess than n.28. TheCcTmnsgm®es/049230

of claim 26, wherein the | ookup table is a logarithm

| ookup table. 29. An inmaging system conprising: a

processor; and an inmger associated with said

processor, conprising: a pixel array wherein each

pi xel in the pixel array is associated with a set of

col or outputs; a calculating elenent configured to

| culate. ' j t t :

St pur D sfag 8 Bl AR kAR Oe 1081<0B1 aPle £ Rigarithm lookup
table, determ ne whether the cal cul ated rel ationship

associated with each pixel is within a range bounded

by a m nimum and a maxi numthreshold, and, if the

29, at | AndMaging swistemi,ncdohprisimgge, to include the

pi xel's set of color outputs in a white bal ance

cal cul ation. 30. The imagi ng system of claim 29,

wherasessamandet of col or out puts conprises a red (R),

a green (G and a blue (B) color output and said

lationship is CT= RBL. he | nBai f
a8 AeRre WL op S brodseal SRR, e

W thout using a nultiply or division operation. 32.

The i Uagjiﬁ_a Y&y ARQbirCeAhPiRE] indIer sixel &hQy is associated with a set
rel ationship is determ ned using only addition,

refecloeoughutst and | ookup operati ons.
a calculating element configured to calculate a relationship between the

set of color outputs for each pixel; and

a comparing element to determine whether the calculated relationship
associated with each pixel is within a range bounded by a minimum and a
maximum threshold, and, if the relationship is within the range, to include the

pixel’s set of color outputs in a white balance calculation.

30. The imaging system of claim 29, wherein the set of color outputs
comprises a red (R), a green (G) and a blue (B) color output and said relationship is Cr =

RB/G2

31.  The imaging system of claim 29, wherein the relationship is determined

without using a multiply or division operation.

32.  The imaging system of claim 29, wherein the relationship is determined

using only addition, register-shift and lookup operations.

33.  The imaging system of claim 29, further comprising a lookup table,
wherein the lookup table has fewer than 2" entries, where the red, green and blue color

outputs are data inputs each having n data bits, respectively.
18



33. The imagi ng system of claim?29, further conprising

a | ookup table, wherein the | ookup table has fewer
wohent/02%06ent ri es, where the red, green and bl ueCTwiSee6/049230

outputs are data inputs each having p data bits,

respectively. 34. The imaging system of cl ai m 33,

wherein the | ookup table has only 2k entries, where k

is less than n. 35. The imgi nhg system of claim 34,

wherein the | ookup table is configured to be used

directly for data inputs that have n-k upper data bits

bl g Syef B RS A bt g oy

entries Wk@r%ﬁ@é‘te%smﬂnhave n-k-q upper data bits equal to
y y using the | ookup table directly for data

inputs right-shifted q times and then adding q to the
B®Ok uTHedbhazing syktem 87 cladmc3d, vrisereime thelnakary tablgisaconfigured to
program that, when executed by a processor, causes the

be useq déraslydior datp amrus thathaaeen & te@perd@a@rbﬁ%ﬁw it Z8TQet

of pi xel outputs for selected pixels of a captured

TR R —
be usec&’ Iféle ha&ultr\gﬁttg AR ARLAL ﬂ)}gglscg?t)%etiﬁ/fg &%lleflacblz%rﬁ‘”bsrm&n% the

, using said set puts I n a”whi

looku}p@dlﬂ@ B?regﬁg%ﬁ‘ ahiLpuS rightehefeéd i timaBghdtheh addangmy to the
7, whereih the set of plxel out puts conprises a red

lookup({%)bleae@ﬂeen (G and a blue (B) color output and said
relationship is CI= RB/&Q. 39. The carrier nedi um of
cl ai m 38, V\,herel n the relati onshlg_bl s .det erm ned

Wt hou CaBiergEdHN Ga5TXING @ RRGETERb A When; fcuted by a processor,

causes the processor to perform the acts of:

determining if a set of pixel outputs for selected pixels of a captured image have
a relationship which falls within the range of maximum and minimum threshold

values; and

if said pixel oufputs have a relationship which falls within said range, using said

set of pixel outputs in a white balance calculation.

38.  The carrier medium, of claim 37, wherein the set of pixel outputs
comprises a red (R), a green (G) and a blue (B) color output and said relationship is Cr =

RB/G2.

39.  The carrier medium of claim 38, wherein the relationship is determined

without using a multiply or division operation.

40. The carrier medium of claim 38, wherein the relationship is determined

using only addition, régister—shift and lookup operations.
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40. The carrier medium of claim38, wherein the
relationship is determ ned using only addition,
woegi7arewsshi ft and | ookup operations. 41. The earmiSeNe6/049230
medi um of claim 38, further conprising creating a
| ookup table, wherein the | ookup table has fewer than
2n entries, where the red, green and bl ue col or
out puts are data inputs each having n data bits,
respectively. 42. The carrier medium of claim4l,
wherein the | ookup table has only 2k entries, where k
i's less than n...43. The, caLrier, nedi Qf ¢l al
41 r dhecapdaprEding: %&ﬁﬁ“?ﬁe qr&lacf(ru%orﬁgb%n%%t%ggbéé s }< up
table, whg%?xg tﬂ% Wi Ble RRY e ndRPReriAba White Gid, ?Raen and blue

e carrier nmediumof claim42, furthe

b1 B @ath Bk BEKH Rt ABlS, feepectaveélyl nput s t hat
color ou aiégir%ﬁ?_ quﬁfﬁkoer adata ik:)iiq%(s equal to fz)ero by)/’ usi ng the

| ookup table directly for data inputs right-shifted %
421 | MTheamadritherediddi afjclgimdls whereiakile logkup tablairas only 2
45, The carrier medium of claim 37, wherein the act of
entries, whetre ki lesaghamél udes det er mi ni ng whet her the
relationship is within a range bounded by m ni nrum and

43-ma XI’[qyerréatrlhireF %ﬁeodig% of claim 42, further comprising using the lookup table

directly for data inputs that have n-k upper data bits equal to zero.

44. The carrier medium of claim 42, further comprising using the lookup table
for data inputs that have n-k-q upper data bits equal to zero by using the lookup table
directly for data inputs right-shifted g times and then adding g to the lookup table

result.

45. The carrier medium of claim 37, wherein the act of determining includes
determining whether the relationship is within a range bounded by minimum and

maximum thresholds.
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