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‘E@EE@W NG EFFECTS OF DARK CURRENT AND DEFECTI VE

- N AN | MAG NG DEVI CE FI ELD OF THE | NVERGT/E3004/020012
[ 0001] The present invention relates to the

dar MERDR ﬁﬂﬁ”&@?@ﬁ@%ﬁ%&i@ﬁﬁiﬂﬁlﬁ%ﬁ%@ﬁs OF
devi ce. BREKERCUNRRENTHANRPHHENTUERIXERS Kk
current refers to RN ANIMAGIINGIIDEIICORnerated by a

pi xel of an imaging device even in the absence of a

light signal. OneFSPUDCOFOFHEAMNVERHTORAt i S
thermal | y-generated el ectrons and holes. Thermally

generated dark current in a CMOS active pixel inaging

devi c£08Pentlse prcatsitameniienrglayesi tarthe idgnsifipdtieragidns.

As tenperatu i ncrreases, dark current, |ikew se | i
comipRIas s REFcP by gegbABs SELEUVG HnEh L faging device.

el ectrons in pixels. These unwanted free el ectrons

al ter the desiggdKR&RNBEINDRDPAUIEANYERITEON ONS

generated by incident photons. Additionally, sone
digital still cameras require long integration
(expod0P62]1t i Pad cumreint hefetsitows drstesingdysignal igeagmted by a pixel of
sensitivity. However, the longer.the integration time
an RGN i RE T BHCATSFRACLSf & dehts PG Otem el darb gurent s
th -EHERO eleb TG, ' ! -
R0l GRS b 00lndioy] 28eatup R0 A URIH, s
activprel degiedsvwieprasenid prodbiertld Bxmaey indapeiig aysiichbRg A8
. substrate and an epitaxial or other_silicon substrate
tempgrasiregpcrgaseh garl pusppntdikepisedncrgases cBlzeranabefiargyngdnerates

Even, in an ideal defect-free process, .dark currents . :
unvigpielt e SRl ip ik ddiext FOMRPSE B clckionn Aentisr syt signal
- pro@R@dasptiedtt Sy ge@@iedt B uRidRR bRt e ABARIANRF sBihe dififal still

l'ight sensitive element of a pixel. There are ‘
camerRsIrageyh lmigontagrmsion (erposiré primds rkhicit alloventfos higiiir ginage
lLace limtations on Jight sensitivity.. ixel
sen B TP o G Y SR Mo Lisciighen DS gpiprvar
the @hAIRYSEnk e S HAY Rrcht P digital caneras, sub-micron
technol ogy process-induced defects increase
dramatically. Stress, extended defects and netallic

i npur i[0088 ] anbhg laggdse poftingt off sowdrted et elebtrbas inoa pixel array

undes'rabl?d rk currelﬂt. . ,
occurs at the interface between a silicon dioxide layer overlying a substrate and an
- epitaxial or other silicon substrate layer of a chip on which pixel devices are formed.
-Even in an ideal defect-free process, dark currents also exist due to
generation,/recombination centers in the depletion region of a photodiode employed as
the light sensitive element of a pixel. There are thermodynamic lower limits for dark
currents, which place limitations on light sensitivity. As pixel technology is scaled down
for high-density mega-pixel arrays for single chip digital cameras, sub-micron CMOS
technology process-induced defects increase dramatically. Stress, extended defects and

metallic impurities among other factors all contribute to undesirable dark current.
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the transfer, reset, source follower transist 0}3%52“"4/"2”012
typically enployed in a four transistor (4T) pixel

nust peoS£ Rl ath QU pi0 (RCHLEME: l?éhsgp,%[)urc@féﬁ&)wgreﬁ Id¥ors

Such scaling is not possible wthout a corresponding
typicallyreagrd eyddnindofpantranbiesoe (6T pixgl mupe Bebdaled down to achieve higher
. M,- ad] ug‘ggnt .and hal o inplant) and.a reduction in_
pixel densityy P scahing lrmasPasgpleighwtaneirsespprdinginerehssdn slopant

j level.s_.of jungtion. | eakage,, gate induced .
levely e Al G SRR B R i 450 4o Pt grice
thickddsBE)r thBRRAGsIOORE This Rhils @ hiloRer 1.3O%E %Lﬁ'f?:ﬁbﬁ'l?&ktagcdtgqtc induced
I e

undesired dark current |evels. Additionally,
draip desikagd GRIPEyidsain-ipidticdd barsitr kivewinge BRIl )etnoy\Others. All of the
b | eadi ng to inc ea}s(fg itress Eevelgr and el ectron
ADOYHRUG B TR AeRESS fakugiegE lyFlst pddisioaalyifisdbisolagopatgion
; f ' I . st
Pl s e el o Grl Il ) BECreREA A Yo B T ropoatase
nearTihe fiebd-tddd ef therphoesdiodedue to shot noise and follows

Poi sson statistics, with the root nmean square (rns)

dar k E& rgﬂt noi se being equal to the square root of
the daPRO%Lir Aedk curtsopér agigempbmbertetllycaspensanipapents, a
far t, has.been to identify .an average .
st Borf ¥ Ve RBAIOHG ot Rriab b s0dn S iipise and
folldwsoPoig@eftisked, wittlOfRl roof Bican sHBAR Q%sﬁ@éﬁ‘ﬁ\éghcn{ AbksS being
to provide accurate and realistic inmages and ignores

equyldpithe squasarootnfitbe davihiwtents gener ated from out si de
of the image area. This technique is not. repeatable

and d t rk I or nost . | MRge sensors. ) )

[ ooo7f Sigggct%%“ﬁ’:ég%‘il‘ QF SPBPEBERS °fp‘i1=’g'g CBFFEfF B#p been to idendfy

vERpepsel B8k eaticHEand! bRg! i bad. ¢ -
me [ ngg gnd éeaoll pi i%?gml—%tt %Qg%gﬁg@‘épg)&% g?%lr&gﬁas%gml‘ This
methody kyyecvdarikilsciorprenide ashirate ard welistcrionptdnd ignores dark current

. man fﬁcturi ng Qrocess Sé) tge dark. current caused by
noisgaWHChdi SiskErd fEaraionssids Qledheamage areap dhisgeshnigesis ndot

repefabl ad DOLTRIPST ell FoFGRIPRAMMS M dardeagurr ent

i nformati on an current CoOnMpens al so

[0007] Defective pixels are another problem with imagers. Dcféctivé :
pixels include hot pixels, bad pixels and dead pixels. Hot pixels have a higher than
average dark current, which arises from the manufacturing process so the dark current
caused by each hot pixel remains fixed and can be corrected. Hot pixel information is
recorded with dark current information and dark current compensation W111 also
compensate for hot pixels. Bad pixels are pixels that are bad when manufactured or have
an indication that they may go bad during their life. Detection of bad pixels is
accomplished by capruring images of a uniformly lit background with different
integration times. In particular, as the integration time is increased, a well-behaved (i.e.,
good) pixel is expected to produce a signal which increases linearly as a function of the |

Increasing integration time. Pixels that behave in a non-linear fashion (for example,
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conpensate for hot pixels. Bad pixels are pixels that
~when manufactured or have an indication that
‘t@ﬁgg‘gﬁﬂﬁ(’bo bad during their life. Detection OPCHIESR004/020012
pi xel s is acconplished by capturing. inmages of.a
iformy lit background with different integration
restttid & “‘Fﬁ*% HF RSP T ERRITHBMCH Py SRUPGHS Valnes)iase identified as
badi p1%¢18 ASER pifelvile! 58N AVE U0 (i 00d). [l Xel: | S
. é?gected t'o oroduce a sighal " ?Rﬁ?ié%%€§§é%h5bﬁ§?PFf}w“
pixcls mayfappetriaon color¢hbrighndoeasi Aarki direey B ifdb déﬁ%nding on the
fau.k}F;i'(xel s that_behave in a non-linear fashion (Tor
Dephasusm Tisro arssihoeurems pEHcubpooli 6280ikad piesyoitte dead

oL Sl 50 BRI A Sy SR o by
softpiaxefertahsitel derap @t fabRSREAN A CQFY Q%H:ﬁéxdél % élét%%}teg ch)&[rr}%gltrthg dark

These pixels may appear as a colo brig
thregheldd abic ipabens anngegtepbrdifipronl pivels uhaict g light condkition. A

. hani.sm. There are three forns of dead pixels; dar
whifE SRR i JGHEa S aiee Shiseihaconall Gt abosnodbed an
b &gl R t ed eit.her by dwar e
avm%%_ggacéoftmggéﬁgzger a“ﬁ?&gﬁuﬁﬁ%avﬁF%”FS%?Y8é£€@¢x ht
conddivi. demduptiaeticidspistel i deadtetWhed he dafktoh laﬁ%&{kﬁhgs below an
e er

val ue i s_above an average val ue of nornmal pixels un
avergge V?ﬁﬁﬁ ©f Bomm! Pk underyfrirtcxanpled approsimatslydel @ Lag light
the white threshold value is above or bel ow an
average value for normal pixels under, for exanple,
approximately a 28 Lux light condition. A saturation

dead p08e8] i Defetwetmieinvham tabﬁo%?ig,adéaaﬁ)&ég{] %gc[r];eellcg %i%ccls are

is below an average value of normal pixel's
creagschdpying thepproxeratioBpracdOmalyuccid diiting dendt bfgn imaging
ckv&QQQS .Defgctiye §;§§H§, suéh_as hot pi xels, dead '

pi xel S and® BYS Hirvede'gconsideiagppyanslrapiagemsat costs for pixel
arrayPdidfae tHak bR lchE6S & ARYar i . he,life of an .

i magi ng  devi ce cont ai ni naéagl%;{%ég Il:i[:ijsla{r;sg%gyr.cP {pcinefameras or pixels
arraysopfs hugingt dayivss hagrowdeédicenent costs for pixel arrays

dictate that an alternative to discarding pixel arrays

or replacing ca pixel s _arrays of imaging

devi ces be provgﬁégiiéiﬁﬁhéﬁiéﬁIﬁﬁﬁﬂ%ﬁﬂéﬁﬁlON [ 0009]

The present invention provides a nethod and apparat us

for  [800%] NdHeNealdh e5chiBh Ha¥ile SHEANA 300, nar.
-~ defective %ixelgﬁin% wagiﬁg Jgéﬁéggfﬁ$ﬁgxkyg§gﬂ¥umﬂsﬁm
reducing the effects of dark current and defective pixels in imaging devices. The present

con

invention uses the on-b.oard available memory associated with the pixel sensor array to
reduce the effects of dark current and defective pixels by capturing and storing dark B
reference images and white reference images under different gain conditions and with
different exposure times (integration times), before an imaging device is released from
the factory for shipment. A user may also caprure additional dark current reference

images and white reference images under different gain conditions and exposure times
In addition to, or in lieu of, the reference images captured at the time of manufacture.
The caprured dark current and white reference images are used to produce corrections
for dark current and defective pixels when an actual image is acquired by a pixel array..
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i nvention uses the on-board avail abl e nenory

associated with the pixel sensor array to reduce the

WO Wev/ep4ed+ dark current and defective pixels byerus2004020012

capturing and storing dark reference i mages and white -

reference i mages under different gain conditions and

with 0¥ eidftheexpabother faan®s:s ot teaghett@nwill Beforé clearly

efore an imagi ng device is released from the factory

unqegstogrfina the follavdeg dewiled dserrimmonnf she giifetrahainboditkents of the
- Leurrent. .reference . .imges._ .and ite reference jmages
o %Hnﬁ er%’q’gdtln1 f l? ésr%r?]‘)f’ K%giuﬁ C%%?ﬁfintoinoﬁg; RSPy draRnes;

addition to, or in lieu of, the reference imges

captured at BREEFIIESCRIPEIOMNCITEE DRMVERRIUr ed

dark current and white reference imges are used to

produce corrections for dark current and defective

pi xel slAHdd aklgclubla blaelydidgsamafan caemplaradigitabtamera system
haarraéj-B WO 2003#@%@464 PCT/ US2004/ 020012 0010] . '

Vi d SRl E 8P HYeBIX6f CORBCISAYRM EEHE f the nygsensirvention.

clearly understood fromthe foll ow ng detail ed

descr i g 0 h 2 i .

mvent a ] LR P R PR Snt A o eab g Hiogigent of adark
cureneaudatgéctige gixaikorgsensBibircirdESORHE IhnOmvEHEon in a digital

DRAW NGS [0011] FIG la is a block diagram of an
cambladnpl ary digital camera system having a dark current

and defective pixel conpensation circuit of the

rese [fRentzken, : I b is a bloc i agr.am
gf anqg¥gﬁﬁla?&gé%ﬁsgﬁﬁéﬁ%mgfg%nag?ﬂg%ﬂwpgﬁpﬁéﬁa%gﬂcm“*““and
while tefetenve irfhgeedape R RE isEh 8N Cink&itidn Aftht B E38Rh facture and
invention in a digital camera. [0013] FIG 2 is a

esgappwehart of an exenplary nethod for dark current and
white reference i nage capture of the present invention

at thedd 0 uf.acture . and . testing. [0014] FIG
iR Sl e [ e

andCdéfE Ve pifd offpleBEdonOMRhE Bre LAMREORA ?Hmo b diffal camera during
present ‘i nvention prior to digital canera duri g

opegpeembyenspy a user. [0015] FIG 3-b is a continuation
of FIG 3-a. [0016] FIG 3-c is a flowhart of an

expandﬁ)cblvg]ewF?& g}be.p 380 of FIG _3-

1s a continuation of FIG 3-a.

[0016] FIG. 3-cis a flowchart of an expanded view of step 380 of FIG. 3-

b.

[0017] FIG. 3-d is a flowchart of an expanded view of step 375 of FIG. 3-
b.

[0018] FIG. 3-¢is an example of a signal for a characteristic in a reference
image.

[0019] FIG. 3-fis an example of the signal for the characteristic of FIG.

3-e in an actual image.



b. [0017] FIG 3-d is a flowhart of an expanded view

75 of FIG 3- b. [0018] FIG 3-e is an
\962ﬁbﬁ§u a signal for a characteristic in a PCT/US2004/020012
reference image. [0019] FIG 3-f is an exanple of the
signal, for. the characteristic of FIG 3-c in an
act uat ‘$ e P16 thes 5 o5yl aEum s cammoney Dsoumving a dark

[ a conputer. system
Cun%IQtoﬁlQi] d‘i@@v D%:CE Fre ?)tc Sséﬁag d ﬁ?{e@ﬁf\%{éc et mvcrﬁ%’ﬁ‘s ation
circuit of the present invention. DETAILED

DESﬂETAﬂUEINEﬂEMTBEPT?EH%EEREDHENB@EFEﬁmﬂﬁi)EDQBZﬁ@INMMﬁTS
and dark current reference images are captured under
nost, if not all, p055|ble conbi nati ons of gain and
expos §PA21 |ihj Wikitsgpdistarle presstn rsfasencedmrgagang s:eplmired heder most,

i ot Ay RontiE e uiyn btk §oRarad SepGa: (vhidLm be encountered

dur1§1trrd§§ U HES die$UL ParAral THE Sthitel 4Rt Qarklefcddiste 1%%& ﬁ‘@%&cn used to
ch i dent1 fying pixels, which need correctfon an

plodhhte ﬂatm,d stofed onr éart | structurat (Bu;chneecteﬁlci Olists, eatedyy, @aitfices, etc.)

a d exp ure .conbi pati on, whi n1ght be enployed
"&Pd% Recd gPyretgn ¢ kinrhet gefrertioprthet isreesded for

cvcrg_r%m? aaﬁﬁeg( o@m[}ogoﬁﬂBva]ﬁhbhe hp%r' nrﬁ%luse %]Iijgtngeusc of the

ra for t act capgure

digiet saneAt THe datanstancurex pestored i Qi vlkdle E‘ndrﬁoMS%rﬁl% use of the
& access and retrieve the identification/location data

digigah ggamgsa t for CFfE?sé*IC‘}laiTa‘ta@ﬁlff—ﬁ elmage tied aetwpxamgir @ain and exposure

A f th t t . s
comﬁ};eggloﬁgls Cl%??o 1o, :ixc(ggssaaﬁ}gy ffﬁjé ‘féy) bkgcr gc?cnggggtéqﬂ/ %tlﬁgleéoga that most
clos@lemb@dB Nthe f i 86 :BAdep28tkct QmERLEASES lof A ﬂhﬁ?lcﬁ%ﬁfm# E}'ﬁagc The

actual image. The kind or type of correction t
pixerencteing ¢orc¢amesanchilior ypt icfrostecionsmentiet heridantified and used to

defecti.v xel, for.exa i.s.,a dark dead pixel, a
corsy B wicly O Rt actl uAeh DR ke SPR i CorreRiamdhat i necded
inclRieshforl@AER lsuMp g@&rhgﬂhf f Qrd%fétctlg@gﬁc V\E Q'Qldé{a&rﬁﬂé i8R %ark dead pixel,

exposure tines, dark current ite reference

a whinades! @mxa, :{:sqmwn@d dehil giixetiar k badrpiestt under | ow gain
condi ti ons

[0022] Under different gain conditions and cxposurc times, dark current
and white reference images are captured. High dark current under low gain conditjons.
signiﬁcs a white point defect. Dark current under high gain conditions gives a relative
magnitude of leakage in pixels. This information is used to create a coordinate list of
poor quality pixels. Specifically, the former (high dark current under low gain
conditions) is the result of a prdccss defect that cannot be easily corrected. The latter
(leakage) is a process variation issue. The latter is a more significant problem in small
size pixels due to process variations, such as mask mis-alignments, microlens mis-
alignments etc., and is a growing concern. The present invention provides an ability to
make corrections to compensate for process variations and create more uniform quality

pixels in an array for high density, small size pixel designs.



signifies a white point. defect. Dark current under
hi gh gain conditions gives a relative mnagnitude of
Weoelay@4icn pi xels. This information is used L Op LR 4/020012
a coordinate list of poor quality pixels. )
Specifically, the former (high dark current under | ow
gai n ¢00Y3} 1 OBsh dyfe bheortQ@EUhthRfirsdbvl! Q¢S AadeRGL ;
t hat ganno% be eégﬁly corrected.lfhe Iattera (Ieaigb%¥Ican:
respiestiet prddessionadatatorgxdlsaieeredibye dht duerent $inaludiigehot pixels)
sjgni ficant oblemin smll _ si-ze pixels due to
mddﬁgf&é%%wsh "ﬁl}SdJﬁé% resRREVEY 1dergbcsiand dpgaggsrasralsthat have been
1.GRQl .S~ [ : nd is r OW. N _
e T 08 RS oS & A ORBP R Bhik el phieh, Al pgri dgac
pixdlg kichi @ Qlch & @ltedy) SathfatoA DAl Hatds Lt bR ?E@E.SAV%rhé‘ bidfSa user
and create nore uniformaquality pixels in an array
capiuges deruph irdegrsi (Whershpon, usingethyi leedtichesf g pixels M@ding correction
2005/ 004464 PCT/ US2004/ 02001 . 0023]. Each type. of
and 2P 8 {ONPRES “PHE I S dofgnat V%*H'aft o the ppedy of the actual
imaf @SRl AfrcRlcNe ok eeahbieN, £hd &;J&hi&%é?aﬁ{;lfﬁg&u%% &¥a (for a
~ dark current (including hot i xel's an efective
givepi godh snd Sipsudat@nbmapeny dinvelerageiimidl vhies innttulRedf@She dark
PIXEJS { at,have been affected by dark current or are
curtept Piyelk afentifisd 1p ghe dankcarnspy pie! Icadon ditag THisvklugasstored in

Lxels,: i e I s...saturation dea i.xel na
meflol® OuingPhé GBI BE R 38 R S QLo TR RSl that has o
' darlt frBee®ld Vet ebeRtheustRge tA8e lPeaEh iRl hhrRl X&lishe
needi ng correction and data on the type of correction

congdisioge d he pirslssthys édentified ase airredied pisinglsmoothing er aelinglas
i s, can be caorrected. For exanple, using the dark
dcsc{trf’%gg’ﬁ{%m éﬁmlﬂg‘cb& YR oAt 3 SIRYF IreSHSALPIXgdpratipagdata stracture
uRKPOSKER GAARIsBAL TR RL AN pAYE" A @&?é e |
éo cal cul at ed fof t he da?k’Pcurfg%fbglxe §i¥ggﬁ%?P%%éufﬁypcOf
defech endi snal thogfarenteqpirk euitiple atoramtidat so a Jihgls iv@ltiRed pixel
locastor din nenory. %ﬁing the dark dead pixel |ocation
ocaep ,maStE”é?F“r&rmﬁ% REFt le 1HIERHOR) 9F cpBE@inan wglidation of the
d 6f &shel A i v - of . n L,
P e B G et Bl L R Ty pine
locariderdatd stattrarcs acondeddh ebk dscAgLEABAIEL RloWs, 58] iifigle Foxel
described bel ow. 1t should be noted that a single
locaion cEnstats twiesuld slsabr smpdeiesl. Sihewintale pixeldocdtmrbdata structure

nd used., However . pixels .may he affect by
wouBA BRhE heP G 2 s B Slopalor Gni Rl RFuAGH ef e Bpe of
defdce@t type ofebiiePliéh fQfuiedl | ons so a single integrated
- pixel location data structure nmay need to be

mul ti-di mensi onal or contain an indication of the
[0024] There are several ways to a create pixel location data structure or

data structures. In one exemplary embodiment, the dark current and white reference
images would be overlayed one on top of the other and logical operations such as AND
and/or EXCLUSIVE-OR performed to gate the location of the pixels into a pixel
location data structure. The logical operations will provide a set of pixels that have high
leakage. The exact row and column locations for these pixels can be found using
existing row and column decoders. In an alternative cxcrnpléry embodiment, the dark

current and white reference images can be used separately. Images captured under low
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type of defect or in the alternative the type of
SBPRBINIEL AT Lsed in the deseription which fB Vs
but a single pixel location data structure could also
R pnEE DS Tk St St B s b et T
| M%%?a%%?%%ﬁfs poele o ¥R e HEREES ool ¥BFbClipplemgnied in

haréw gk @fseftwiree|Uding diffedsntdadlags ldvdktay icitdia, bHRIGE (histogram)
structures. In one exenpl ary enbodi nent, the dark

pixeduiganeh Claﬁéd i ttrepreagna atedsethar ha‘gfelsahmn leverainghe raregeeef a

of .t he other a I rati,ons uch as
porign s RPhe e SR R e o
refeb @@l e Riadyb %i@rﬁfﬁﬂd@ dJf 'lgaﬁa?: B élﬁ}crcﬂt Ppald dati uscd further

structure. The | ogical operations wl prov e a set

in pobcepiing rsagel atkenaueien ldg"ﬁ:rcﬂt@(mgendlﬁbas eexpoturt eimanehd light
c¢ol um | ocations for these pixels can be found using

co i ng row and col uim decoders. In an alternative
exenpl ary enbodi nent, the dark current and white

capt Ul 0425 aHeF a8 R B YRR SRR gt a0 TR 8 85 o5 st
can@?d §yseandoo, whish Qhﬁ’l@@%%a‘r%h rﬁﬂ@ﬂ@scﬁ ¥40 481 hishAdark Surrent and

tuned to a certain | eaka evel . The tuning
dcffffawa@éqcbfﬁomscr&amam capriel{han a¢cs>r@a§sevmh tha msefmlim\emion. FIG.

whi can nented in ware of s
Lo o4t e GtPeralest PR BE 1,65 i ep et & cifd bf Reblsmented with
discr&te ThRPOARLs. RbWwedR08&MN dyeaﬂ‘d @&hﬂ% a.%tdcf £Pp %ﬁeemuplcd to pixel
pi xel s 't hat have | eakage |l evels i n the range of
arrayarlthi ayelusad tol selecThipsxel of ﬂuerpaxctlanraysl 18t Baeldpixal outputs a plXCl reset

| abl e buffers and i des a ick reference to
Slgf’@x?ﬁr@% piyel iRghstengk @f ré&reaaEOﬁ?r 14 pepruptedgpytbe sow

decBAd FRTLRLHIRE dUOBOCI10 bl AEREARRL WhiLTAAS S0k Al are
under different gain conditions, exposure nes a

activatg o peahdi ttho Ny, afdU2 5]gnlsGf tha s¢18ctad réweidl lymn lines of

PlX;nbodlment of a portion of a digital canera system

deray e chh %ﬁaml;;é bald qirettsel I %Yélé%%'é%lb’lf&eﬂ‘a%cthh aixehsignal from

d X ensat i ircu
e M b Bl e R o g SRR el /ol
circe@Uix$ Hrevides ag:rvrtﬂaﬂdt\oggb@%ghms eNSuB iR PAGAIGER Gillctacts
or could be inplenented with discrete conponents. Row

thege dodlag-todi amﬂMdwam@etcobép atdaprarhe signap frech fubtractor 130

andpcl)&(tgluts digital signals representing the subtracted V,, and V, pixel signals to image

processor 140. Image processor 140 is also coupled to dark current and defective pixel

compensation circuit 145 and also to output serializer 150.

[0026] FIG. 1b is a block diagram of an exemplary implementation of
dark current and defective pixel compensation circuit 145. A CPU 147 or other type of
processor perforns image compensation. CPU 147 is coupled to a local bus 155 to
control communications between CPU 147 and other memory components. Non-

volatile flash memory buffer 165 stores a plurality of dark current and white reference
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array 115 are used to select a pixel in the pixe

array 115. Each pixel outputs a pixel reset signa

WP, 20059d46d pi xel inmage signal V My. Array cont peirh®5004/020012

120 is coupled to the row decoder 105 and col umm

decoder 110 and determ nes which row and colum are
pixcatray aheeks tdkddr RAuGCicthef din coAdRiods Gnd Ehed $arQ’.ft%bh&(posurc
~ selected row and colum Ilines of pixel array 115. The
tmesa iiced inedgds elcrasgirired 26 threme mifinadriufagrercaindg/or f4ter by a user

.__pixel] signal fro col.um lines thr the col
o e B el e A R oL,
meBbiEHhfer 129 mBy BY Ld& 14 gctl/ g?hﬂ&fgtz\éﬁagté% ﬁﬁigc?.' B#S 60 may be

to 'subtractor 130, whic rac

used\na btwge tudy ditgi tajuited/ dAca. chldvengtedark3armac efpd Sefebéve pixel
signal fromsubtractor 130 and outputs di %i tal
COmMPERFHIAN FEHHANBISREVRIAS 25GPUAECERIBPUGIE imFEGVE2,gt could be

comAGRY i . 1
o Ged oHRECR L] B IRRE OB PR RNt et ve

pi xel conpensation circuit 145 and al so to out put

seri al[i0oer] 150ard Q7241 and@cfddive %h@l bbpknddtiaacatuiPfi 45 may be
an exenpl ary inplenentation of ark current and

embratdedtin naligital edlid staprerasatia (PSS s whidh hdHbe An @Rt 2 @mputer
ot her type of , processor perforns inmage conpensati on, _

bR e SE S5 BEL O R A MBIt LN 145

be HROVIHA! FRbORADF hed Waicgglg b#4 s@ﬁﬁgatgtcgﬁ'{ﬂ#&;é&g%g% As noted, dark

conponents. Non- vol atl 'ash “menory

curshonad dafeptivr pilkkélt orperdatidn cotilkdedo Bhplbinkfrddeh8bRRER stored
7 WD 2005/ 004464 PCT/ US2004/ 020012 pixel array i nages

and; ryRaingn image Prefe§sasfldfai n conditions and with a
variety of exposure tinmes. These inmages are acquired

t theghRs Ofy RNy [or later by a. |
put 190353, RN B L8 B0 (rer B et iR s cpgonre and
gairl 46ndiNeRs 1Y &k iatQuitddpFe-sHipRhY akf drahayl BO S BGirdss ed

to store a plurality of actual images. Buffer 160 nmay
be used to store any other required data. Al though

dark d@028dt BHa ésfeBevekarpokan cxwaplipersathiosi2®) for datk current -
145. | h . : t FIG,la, it '
o BB PRI B SAR fi Hhigh hewep 205,
darRIcAEeRSR erdd@ inla@ePdde degultcd Ay ' ! |
arcorrpensatciron cli ra%ui t cl% ncay%%g&n%}rrbeddggéiﬁ%tagagfcg?ﬁ%
congligiong/sombmatianer BhqsDECpgesvirt storediin hen-aolatitepildsh tnveraory, e.g.,

e S S e b
| [0030] At step 210, the dark current reference images are processed. This
entails generating pixel identification/location data. Data generated from the dark
current reference images is used to identify and locate pixels affected by dark current
and hot pixels. All data (e.g., stored in data structures such as tables, for example) is
stored in memory, e.g., memory buffer 160. Location data are mappings of the pixels of
the image sensor. Specifically, a dark current pixel location data structure (for a
particular gain and exposure combination) of pixels has bits having a “0” or a “1”

indicanng that the pixel is, or is not, affected by dark current or is a hot pixel. A dark
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be provi ded outboard of the DSC as part of a separate
WOIToBlscpyStem As noted, dark current and defective

pi xel cgﬁpensation coul d al so be inpl enent ed ifFT/US2004/020012
software stored and running in inmage processor 140.

- t.referenge | es at _
curkBOZ nA A A0S A, SHUSERS LRIAHEDRE GIIPAEE Rlrenereerence
ima%&ﬂ#lcra@ﬁivﬂihemﬂmxpﬁﬁﬁé cOMBLRJmY be user acquired.

0029] FFG 2 is a flowhart of an exenpl ary net hod
200 for dark current and white reference inage
capt ul 8031 ] t Femilaglps vdfitemefare net irageanaderestaring, ofAgain conditions
step 205, dark current refgrence [ s are acqyired
and SHBRTLS THAES g S;xpafrca a_pﬂ SERTE él}'(ﬁl‘&g l}tlga data (e.g., stored in data .
SRR Ul RS LARP LA QRS meASSE | TGS o) By AR THR whi
Strunon-volcatile %?§sh nenn??f gﬁg?,’ n@%%ﬁy&¥%§qa oHﬁE‘““m
refewincé irhgesgad capame daxiles wveri¢yfafilight temdifions i@akiing no light,
. image.' [0030] At step 210, the dark current reference
light atp frsexample ddtadighy Jevehicsg. asRSawsansbios cxamplg, pisseind light
{ dent i i aat 1.0 ocation.data., Da erated fromth
level 830 0Pkt Hal B MRS o PhTs 200%0 Y s AR i
idedti#¢ ah@ ltareldFedtive 8d Dfedive ikl ih€lnte d@l‘kddélgtpbccls, white dead
. pixels. Al data (e.g., stored in data structures suc
pixelss satabyitiom dfadpixekeand ld pigelsstored in menory, e.g.,
menory buffer 160. Location data are mappi hgs of the
pi xel the i ma sensqr.. Specifically, a dark . .
curre 981;3‘% lelﬁtl otk ?Q?ntgﬁ é’fclﬁt"s’f‘:?‘?felﬂ‘iﬁ‘r‘g‘aéf%qx grocessed. This entails
Bafihb GHtihs @itk Sr@RlreROMY G QIR LI IRES, BAE! -
gCnhas %i tsll hsavi ng a f) or a "1" iﬁ%%saa??%}%&{ﬁﬁg%éﬁ%adpmd
locapionelatd struamnres arengeneraéd fmtedhrizyy ofgdin eondiebhs Aid efpddure times
hot pixel, A dark 8 WO 2005/ 004464 PCT/ US2004/ 020012
by ragpniag theloganen oppixes thasdure esadathacsholdivalug bows an average
AR\ - A QATIN . ef | mage, for.
varsach Oglzl?lnE lglr;ﬁl& %gggo%gﬂé lg%{r%bcﬁﬁgﬁoglh. i Sggﬁ‘d %F‘%‘F Josptiop data

struehiiréseart gleaérancidor ARGEay Wigein eondatidRiid¥kp8aire imes by mapping
conditigns _and exposure tines are captured and stored
the jacagpn pf pEsls thpy haysraviies diresholdpaue abovgatrdelow an average value

: [ ures._such as tabl is,stored in ry,.€.9., . .
of nEbEbMES AR Rl olrRl Y 5% 1B kP & PHdgos tighs Sonicon.
Sanfrafbs desd PREBocaiondde kirubiurdd 4BeSQRAHIbONFa kS LI ELAY
no |ight, P light at, for exanpl efgca first | iﬁﬁ%&l egéelp,

conditipns and 28poswxe tmgs froyppagis] logatmnsefqards thaghtve 4 evedarion

e g...at 100 Lux. Data generated fromthe white '
thfﬁf%‘%gﬂ@i}t%bq?%ﬁg’w%fﬁgc ydug of gormal pixels un(?cr, for example, the second
light level, e.g. 100 Lux, light condition. White reference images of bad pixels are

captured under a uniformly lit background with different integration times. Bad pixel
location tables are generated mapping the location of pixels that do not respond linearly

as the integration times are increased.

[0033] Mapping may be accomplished in a number of ways. One
exemplary mapping scheme may be an array or matrix having an entry corresponding to
each pixel, where each entry has an indication whether the pixel corresponding to that

pixel is, for example, a dark dead pixel. An array or matrix can be provided for each type
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identify and locate defective pixels. Defective pixels

i ncl ude dark dead pixels, white dead pixels,

WA WPHIMEA dead pixel s and bad pixels. [0032] Atz

220, the white reference i mages are .processed. This

entails ?enepating various data structures for the
of dyé¢csive ipirel i x sihgleasatiipl dfomdeasDeirke demchspinsebhert ehathiah
. data structures e generated for a variety of gain .
eGP OGRS 3 (R RO R O RSve BYchm bV ibHel ArdaF amtrices
for ®fcHPivsel - k. threshol d value above an
o a{\/Cer Eg Oﬁi‘}%‘{eﬁﬁe“ ﬁ()f? rrmg%rhma!)i(lglcgﬁgﬁ élrcaflrl]jg BigY C‘gh‘fmh an
indicatioh tihather Wit pree@dddieotile dreCiikigth Sidtios hhd CipbLSe time

are generated for a variety of gain conditions and
conghippiae(s) andghtispnditinmi(algunddreviucl shd pimclowaspiefedtivet Hatthe
akcﬁ?%ﬁeamx gte t hreshol d v%kﬁg above or, %gIOM/%n aver age

varue 28 Oy rlPrRSGEP PO pevERXES pEs defReive; p &t-type data
struchieRicolRMS wsell; Fhelfeaktntddyii89te &R0 Hhdil |

dead Sixel ?%Eatign 5atangyﬁuct%res%g%gﬂgg%%ggkégﬂ%bra
defertivapiel yndthegadtnre ofthdidefeens and exposure times

mappi ng the | ocation of pixels that have a saturation

t hr eshal al bel ow gn average val ue of nornm

pi xel ggﬁcﬁléir ,ﬁ]ef%rf'ék%\ P@Fh%lﬁé’%é’é caFaplary msthed 3@ for dark

J Li it hite reference i S,

e e e BRI, S0, P e R B R g IS

Refbaaieofirotodt M.t hra ditfstqy 308 thati@gidghdikdt loREernBag ifﬂji%":s‘hc desires -
| ocation tabl es are generated mapping the |ocation of

to pypsdagesday far ¢k Aurreneasbaefct tiveezix¢lycomgentdimn during operation of
integration tines . are i ncreased. [0033 ppi ng may be '

the SRRELF e RE1oh B2 s BBROD Fo Jatyad el ampicny and white

refef@itei A g &SGIRIR tH@Muﬂ@ntaﬂnlﬁEﬁ@é’or%figﬁst or ﬁaﬁ?&ﬂrﬁ&t&n d defective

_entry corresponding to each pixel, ere each €ntry
pixdigompensatidine dheoraddieird datlthenpincaindodiitespasaidigndgds are more

t hat i.xel is, for exanple, a dark dead pixel. An
acc‘é‘FFfaﬁng r‘mﬁ%‘ik'r T SHFTER PREiGPHeRTEPnEReR tﬁyﬁfedzgkmrcnt and

. . f . def [ i xel
iR R ECTASEON. B2R0Y 2 e VR P o

carrteha rolagetlj ameingt alsoceored sp andsvdlailt fgst ypm ey, BIREE Ghi the response
Ixel. A plurality of arrays or -matrices for each
a,

Lo typ pCEY, & B5UETERi SO oF slearerk (stapa3 b e Bidictlagrhas dmerpset, then

. Lded ;. W Lndi cat i on whet her the pixel was :
B WA el OGP SR8 s
at thOfRtd1RtatOnken add erdre Dbt ste9BI5 LhATHrSdesiUNR st 1550 'f}tkeimagc

pi xel was defective. In the _

counter 1s initialized at step 330. The image counter is used to determine the number of
actual images that are captured and compensated using the stored data structures
generated at the factory or the stored data structures generated under current ambient
conditions. At step 335, the user operates the camera to capture and store the actual
images/signals desired and the image counter is incremented at step 340. Along with

the actual images that are captured and stored, additional information such as gain and

exposure/integration time is captured and stored.
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alternative, and to save storage especially if only a
wé lnigls are defective, a list-type data structure

\31’% e used, where each entry is a record i T TEBE20 20012
the | ocation of a defective pixel and the nature of

e U PR sl il 1R o B g e
f FIG
pmeglage dcﬁB?&P{rd]f‘c%d I&rdsl%::mtg‘l gﬂg agf a3eig tdé tﬁget%,gr@ﬁs breZet

duritig élie msngfdeiired froceebe bidcderd ‘Ihchﬁ%:/vﬁi1 Qr@(ﬁfdcﬂ%itat fored in data
produce data for dark current and defective pixel

strugerps @ssemicdratgtap 3P operati on of the canera; i.e.,
the user had the option to take additional dark

curre refer ce i ma der, the current
anbi em()%g dﬁ? b P&, k‘aré?ﬁ PgEfGagd‘ é‘é’f‘é‘ﬂ%&“ﬁmﬂ to the
digital @hers QRSN $AEHA Q0 ARG
glWhl t emr ef erence alangtgégﬁg?ggﬁgiregér acc&vgg%rwngg%c‘ﬁgguc of
actugiomagesis dent. Hithe esdr taondiff therdigitd annidros8radabkif an internal

. curreat and V\hltﬁ%reference |rmges taken at the
Hmef £X4965(y 2 Bcyhecsholkd hirherq artealdmegee atej capused,dmage

capt??cr@ %@uﬁ%ﬁ%?é rchcggxg;é}@%cg 11%91 9 tﬁgceis nr{or%%?jﬁ}/p ctac%],etihﬁn tlée

procktag 30 crlingt epsted GBSOCoﬁinﬂfaQ@n(rﬁﬁ}e Be %@ﬁ'@)trmé& fitsPor
flag has been set, then dark current” and wh

defepiaveapisticend thegelor idarkagitant end ot Ph@éseorameemiga ffénlcemrdm is
o Bf 5P SOBR ool a2 e Plde ff et he gemcgos e, 1f
imageScapBirk iPddrfsldredt tRdLR 330375 BR: di Qlecaﬁ%fggﬁfcrh ﬁcé&s%g an

to determ ne the nunber of actua |mages at ar

actugliptagr @dd asrd the mlersafadnacsimged toeidshofyeshddatfae dcfcctlvc pixels.
strucl enerangtrj at. the factory or the stored
For GXaraplgs the B gengloylies o an griat mages whicharsiidantified as defective

in o&OBHHHIrOBBthe e Sl g%gbﬁdafar}ﬁulc! Ls 8’9?&@%&% mpcns%tcd

to capture and stor e actu I mag

signalegives ditherdisirea bmpgehing fiiceionitaséon eipgaal ﬁﬁiuc@tof ab8Rble
40.. Along with, the actual imges that are captured
neighharing il or saaling s Alstehybiern tbe defeetiveapixglaofi thenattual image.

OnCITAL G4 TS B AT S B SR S

dividdd Be theduby ntl dibliteCddad @itel mtgﬁﬁ'v‘dﬁlichhBQﬁdﬂ‘ Floshp cﬁ.@:ﬁ:on for
defective pixels are identified and | ocated base on

defegtier piaglaisgmonatarisln data structures pre-set during the
manuf acturing process or based on the newly produced

data _ fd(%‘ﬁd IAQ ads?)tcaﬁc example, consider dark dead pixels. Using a dark dead

pixel location data structure, a dark dead pixel is located. Only pixels identified as dark
dead pixels are compensated in this step. The location of the dark dead pixel is used as
an index into the actual image and the signal value for this pixel is retrieved. The signal
values of neighboring pixels are reviewed. If the neighboring pixel signal values are
available then a new (compensated) signal value is calculated for this pixel using
neighboring pixel signal values, for example by averaging the pixel signal values of the

neighboring pixels. This process is smoothing. Neighboring pixel signal values are not
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structures generated at st.ep 320. [0036] FIG 3-bis a
continuation of FIG 3-a. An inquiry internal to the
wiogiobméo+eaner a systemis made at step 395 to d‘?g?m&(mﬂ)zoop
whet her the image capture of actual inages is done. -
If the user turns off the digital camera systemor if
avaibdbld Iftké REEhbbHAR pHRKIRACESls8 Hek AndrREENRIGitHY é fMpensation. If
~which no actual Tnhages are captured, inmage capture is
neighbouingixd sigmaboripdseredot dvailabirgghenaptlingisisedidd scaling factor is
., C ted, .then the rocedyre 300 continyes at step '
calcGfE8F B fiingan aicivey ThE Gerioraiaton rve jarhe gain and cxposure
oRE S50 MEe B o LS 0
confliRBRY! U Bl DT ARE b geltal indlILEH, ARl B9
confpempend by ithe dekndeat $ixdd sighmldealad oty pikdBohiat rol l¥ecompensated.
camera is idle. |If 'image capture is conpleted, then
Theggermt ‘aposy zhsehamafchesancangie bsrwsest wa acmess gainand exposure
ctual image-and uses the whjte referepce i mages to
confiittfimey S8nG MBcsar el ol toanat S A ippes than ehe
othéRETRA @ e FhiBGbn ¥l WRDa%d BPoR Ghiddr d MYt Rnw pi
~identifi ed1 as def ec?i ve in g%e%or rrrorxgeig)‘%ct heom Alnfw pixel
sigrgbyadut isvelcplated fatahe idsnrificd wiaels deadepixelihyamettiphfinh the dark dead
: on‘pet?sat ed signal valyes either using a snoothing
pixql SHRERA Re-camP N dhAhe sealingdagpr dvaipapsagon for white dead
: [ ' I % ' : ..anal val ues of the
pis S ATPR LT RS R pREBLERT B R TSET Do o
a scaling factor woul d be an average white dead pi xel
si gnal[008Ble Aditep 380, bymphiesativh iepdrfovkiiddeonl BathiRélX Rlentified
signal value. The order of conpensation for defective
frorgjthe darky @irpomaeferangs imagrsamdengaia andeaspbrarceraditions that most
nsi der, dark, dead pixels. .Using.a dark dead I xel
closE e B R Ba e R Y (U soarePb e aghor
pixdR) [ Birsh)i anelveraedl @A furbchrasndPvdue Haaf Rl !fomR e
compensated I'n this step. The |ocation of the da?
affegied dbyppixd|darls cusett aasderdifiedridehe datocurivmt pireliflcatiom g
and thed%?‘nal val ue for this pitgigl is retrieved. The
STrUPYARFNd (AR ROMRADSHIR LS8 REPoiiBe< using neighberies avaitable
ixdi$)8s BEHSRQL TG Rexek vaiudnal | f L -
pfxtﬂe?lﬁa new (conpens tééd%u s@gﬁéﬁi%gﬁﬂc?%bg\éﬁéﬁ‘?%dgfaf the entire
pixdl@rray HTsis panx bk suistraged fiohghlbanageg sipick @his 39 9redsehad @%]” that is
for exa e by ayveragi ng the pixel signal val ues of
always pressar-JRghe idig! gass of perfqetinixgly, sbe kakags leve avavildie zero. Next,

if %ﬁ?%gh%%sg%gg% 8%?5%184%?(%&%& B&tcl, %ﬁ'c ¥1\€nal value from this

pixel is scaled down by a weight factor. For example, the compensated dark current

il:((cl signals

signal value is set equal to the old/original dark current signal value times are average
dark current signal value divided by the pixel dark current signal value. If newly
defective pixels are identified, their addresses are recorded in a dark current pixel
location data structure along with encoded initial conditions for the camera such as
exposure, aperture, gain, etc. The compensated pixel signal value is then written back to
non-volatile memory replacing the original signal value for that pixel in the actual
mmage. The proccsvs is repeated for each pixel in the actual image affected by dark current

and each hot pixel.
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avai l able if the neighboring pixels have al so been

héSkeas, requiring conpensation. If neighborin _
Vgﬁfer %ﬁghal val ues are not available, then sdﬁﬁ%ﬁ&mﬁgﬂm”
used. A scaling factor is calculated by dividing an

averﬁgﬁ) rk ier Sl. n for t

exposur ﬁco BrCTRAt tC ac{u&@é}? a)geﬁﬁ%pgﬁlécgﬁf ﬁgcrcm Cnmd

at st tv,gi@lma Reg lbﬁef dS}Qndéi ﬁ%e:»lt§p 3@0 P@dS&Pﬁiﬁﬁ%ﬁIn%kc%rﬁﬁlﬁisanon has
ark dead pixel signal value of the pixel sought to

beerconpplest fod all ad’tiuel lirrmgms byosstingl wlsethgr theimhgs domansqwtiis Zero.
bet ween: t wo_ or gain aqgtgxposure caonbi nati ons, :
If imggs COMPCRECBHI RSEP BABPIECR) BER b Brocka s 08is eoppletéd. If

1ma€tcécﬁgécr{é£@c9? pAdYA0 B coﬁ%ﬁ@cga for QP% t?ﬁtn%r sn agénoﬂlcrﬁ};ccss
upon gai n or exposure new p
sequh NIt émbge C@hptﬁsahﬁﬁi af Sept378 fod et ek a&udalﬁﬂsagc taken by
dead pi xel by multiplying the dark dead pixel sought
aus¢rp pe conpensated by the scaling factor. Conpensation
for white dead pixels saturati on dead pi xels and bad

Compeh Ly on TR it BF RER ! So R opmrablorts abieiaied a
show#h mt@esséawﬁl&iqg 5%%5%&%56%%%515@91%& B, SR0MLANG. 3-b

exposure conditions that nost | osel natch t hat of
and isheerfotngdlfor aabepind afecmd bafdaek tmdcm)andarakh tiot pasl regoiting

compaion s RUBIRACPRTTAiS PR ghd ROsraY e b grprurcd
and Q%r@d iqul cagl?g SBUTRS d‘l«lﬁi(e&itér% rd&?g(c!l R)csac?n g?% kstructurcs are

current pixe ocatl on dat a ures and

scare@ifon sied doRt cateht peblooaidl dga(stSiige HBIHGH b%ﬁil’ﬁﬁld exposure
avai | abl e pixels{ is performed. The average val ue for
combetmagethwem@ist desehpematchics thaaod dhe mtualn@asmi step 3B0seOnce the

mosgﬁP%L%lpna € cfab rctt)gt Suqtloc Io%?(#tirl gtrpucatlu IS T(gaj% %Iéd;rrﬁtncvcd the

seledtBd dBEk tdesc p@)&:&i ﬁ)c@ﬁoﬁ) @bfa&»‘ﬁﬁucﬁhﬁé% ﬁscdttb Qick&ﬁﬁﬁ@@hﬁ&v[ﬁkcls
- woul d be zero. Next, if the pixel of interest is '

must bg ggewpcasated. Hiagh piveed khasumussrite cmnmnsati:cih@ letggadikespedtively in

fro .this pi xel i.s scal ed, down by a ht .f act
the SR it A Hefiflon MRSt SHRFR WLt POrRCIdeg f ark curren
and\ffi‘)lt Eﬁcci §ox§§£nﬁ98ﬁ"1s {o%d BEdO iog seidoainag'at %%8@%.rﬁ@{assuméd
sighal valte tines are average dark current signal
thatifitlark atirnendenld byt pixel @mpadnsdmk isatrte ibe peifghakd balstothing,

If newy def%ptive pi xel s are entified, their

thery fafkGusTE gt ap% BPEBBERmPoRsatiermil b prdpRmas Ruscaling. The criceria
C din
for L300 21 8F BRI LSS Bl abor
wittfdspect @b darkl@dgakgledalcashapinxel signal value is then
witten back to non-volatile nmenory replacing the

original signal value for that pixel in the actua
~ [0041] = Optionally, prior to dark current and hot pixel compensation by

cither smoothing or scaling, certain signal offset values may be calculated and subtracted
from the actilal image. For example, for a given row or column characteristic such as
drain-induced barrier lowering (DIBL) and/or gate-induced drain leakage (GIDL), etc.
data may be available from the dark current reference images. A signal offset value for

the given characteristic is calculated by taking the difference between the value for the
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i mage. The process is repeated for each pixel in the
actual image affected by dark current and each hot
pioashs/002&4\WO 2005/ 004464 PCT/ US2004/ 020012 [ 0Q3RkisTiRG 020012
i mage counter for the actual inmges captured is -
decrenented at step 385 and a test is perfornmed at

- giveh eRard@Rrib idahe huAkinldoe HBYS CRARPRASAL | i in-

s conpl eted for al Ia act uaalgci mageg by tegf}tlt: %{érgr\}\gg%ﬁggﬁgrﬂcem the
darkrpmgrent oaferenee mopgab.STredsignal offfset vahgeforahp giveAkh®AcdeaStic is then
been ¢ | eted, then the process 300 is conpleted. If _
subtpaged A dpr s EiYrsk chaserisiein ehe dcthalrimaik. This operation

; Lql cess. _sequence returns, to, . :
s RELHRLA KIRARR o180 B RS0, SHIBAT B LEHUERS: Ftipe mes
depeiegey b@ ke nbybeBofludractdr324Dior Dathiikh %&@@&at@ﬂ‘gtﬂ%ﬁ%ﬂ( current

pi xel conpensation is acconplished as shown in F
refgence iprigeh Hiog caamplswe [givien chhragreriskipanayett sepesemtd at @pFIG. 3-¢
forisoc? FIG 3-b %d is perfornmed for each pixel . ‘

¢ EEPER DImaRsy oHF ARl HE e HER SHBE ChAREFTistsqaiahit by

repEQERRASA A PG, AGd! I, I : i.n. .

e R L RS R
caladarad byismbgectinphe dalues TUFI@N3-efron@l the Rk RIFRRAIAL This

searched for the dark current pixel

Structures are (
d"ﬂg&%if Coh hstedEom 4h¢ agual wadge kafdredupbsupmcessing. The

inat d t gl osel tch hat o he
bR TAL! o baila PR3 4BH°3E EalE HEBthBSien b dpri ate
-dark current pixel location data structure is |ocated

and r ef0l4]ed Daklheurr&ft @elies el keotifensiionlh X6 |
|l ocation data structure is used to&g{et erm neisvﬁ?%rﬂm by first
subbfageng an pueregd pixchdprl neatecsigid ohlugi frah thbsignaiialucss the pixel
conpensated i s | ocat respectively jn the actual -
o T AR GEEICBE B SRRy IER SmaRFRg W& piabiphsighboring
ixE18$d Salthla€tal Kews WichANalucABH t{ObixPi L 20, ]
P to be made by sn;got hi #g at st %% §§§c%&8{$’q#§?§gg%hr¥ea step 380
d. Altenatively at ktepuA8lentadnuirizat apd hek pbetpensaisa@on infay !
ob erfornmed by, snoothipg, _then dark current and
perfigmcg: BoiceRh NSRS BROS EICRS heprsiEcoy bsodick agrrent by a
weiBRE FRFditREh s dEQEibSEhEG oL A VETRYS i i
cf;g-gal ing s perf or‘ﬁi‘gl"%@‘;ﬁ Eiek 3% r a%atg&i glgrslccrul%célg sighplpalue is
wrigtiet barlespeet 380-fdarhe deadoptem eI VTS st8hge [sPR4h] Finally, a
Qptionally, prior to dark current and hot piXel _
Loty REEATRET ahsteg 380-g to determine if dark current and hot pixel compensation
1s complete (all dark current and hot pixels have been compensated) for the selected
actual image. If dark current and hot pixel compensation is not complete, then

processing continues at step 380-b.

[0043] Compensation is performed using multiple techniques including a
number of mathematical functions such as higher order polynomial functions, gradient
operators, Laplacian operators and spline functions. The leakage level and other
characteristics will determine which functions and/or operators will be used for the
compensation. An example of a higher order polynomical might be ax™ + bx™! + cx™? +

... where a, b and c are constants and x is the index reference related to a row or

14



ei ther snmoothing or scaling, certain signal offset
py be cal cul ated and subtracted fromthe
%@tﬁgﬁmﬁége. For exanple, for a given row or BGI/UR04/020012
characteristic such as drain-induced barrier |owering
| DI 5L%ﬁé§%nd/£rvg§t e-i nduced drain | eakage (G DL), etc.
co ORI & STAHGDA PS8 iEhE Dgar k current reference
iJJ g‘: A@g/iﬁg al offlsetlval ge for the gihven_]cf :
er¥stdg i s ¢ ulf at 'taking.the difference
R 2 PR A A e
P 2004/ 020012 given characteristic in the actual
[ ta f Fven characteristic in.the .
the IRQROAB ki i Hcthhife LY RLCBOBDRRLOR 1. Baplacian
for the given chakact Eystic is then subtracted from
opdrirer vEghrebd o ;t h?—gf—vgﬂ—c.‘ harsplifefirgtios mdy bd)for&larle, cubic or
i mage. This oper ai’ond,i®’s performed for each row or
colum of the inmage and may be performed nultiple
twq dlmswaélaecﬂﬁmcvrgiagmm are pivee-vaife poignamtaby wish ibgsalkf fuints
bcv\,hic there is data in the dark current reference
OVEEYEY PSP exanpl e, a given characteristic my be
represented as in FIG 3-e for the reference inmage.
I n t hegggiaal pi L b - ri.s¢..c mght be
repr egegte agcﬁg%%kaf-%f. T %‘%s}?féﬁgfb gfcffélerf‘e(\ilg?ﬁlg’ordcr' The
ordfpdesctibedjhorein atbstactrein BIG. G-dswhil i€ W iiateHa® b f an expanded view

¢ sub];;_ac%i n(:gi_ the values in FIG 3-e fromthe values in
of SR B0k Fl1Gr3 b, isgirbirapesndkshomld nhe he senstuisraa dinsdng r Acoual

i ; o £ t.h . i.ng., Th b
e B AP B o B Do 65608 imputereaaving 2
- gaushed eqifinie cdibitidlioleHdt nEosk ERRBELY M RQLhPLXGh! imagﬁ- being

conpensation is performed by first subtracting
comprasige ispickeredrmdaceesedatt step §iadb aal usedfro elerdrhgne which pixels

S | ,val e of the pixel aff ed b ark current at
axe ol e U OB BprnsRty i iorty atcndiine! thac must be
comRinghtb@ ks 188arc@ir&BL&iveR i63hE YL AL Bindh ACW. 51 N3l Y8l .ue on ;
n??r t he pi xaelcsréa%?fcec-t éd by dark cu??'err;ytaﬁa(?&?tpe%cq§§ﬁl-pmsauon‘5
pertprmatiaesient3Zdet by sating depn3aBe sendhvdtucof ¢eh dafndeddqlixel by a
_Wc.gﬂxpl conmpensat i on nﬁyépe Ogerfor med by scal ing down :

PRRMETOY A AT PEFES YBD asiot Srosmat pizels aadeyythg axadight condition.
ThWERBPfaclY i caltBh @ toy! BELRL esgribed above,

The ggo r?rc)ensl at ed %}I%?IPS ccg{r;&rig]ﬁt&g %8%%?6 gl gt af“& Of%ﬂrf"lalaﬁ’f’,‘ds
undsache a¢ lighepordBfiert by thd Higndoalue fahé HALRAB HkePlo bbe

storag‘; system Finally, a test is perforned at step

‘0

COmMPEESY: determine if dark current and hot pixel.
conpensation is conplete (all dark current and hot

pi xel 3 Oh@gf bfﬁpwﬁﬂgﬁgané 8113(%d1)oc£t?(§n éfﬂr? s?rglcmeuqct kele(ljving a gain and

exposure combination that most closely matches the actual image being compensated is

selected and accessed at step 375-b and used to determine which pixels are white dead

pixels that must be compensated. Each white dead pixel that must be compensated is

iocated respectively in the actual image. White dead pixel compensation is performed at

step 375-d by scaling up or down the signal value of each white dead pixel by a weight

factor to an average signal value of normal pixels under, for example, the approximately

28 Lux light condition. The weight factor is calculated by dividing the average signal
15 '



actual image. If dark current and hot pixe

conpensation is not conplete, then processing
wonupFisdssiat step 380-b. [0043] Conpensati on i $c1/us2004/020012
performed using nultiple techniques including a

nunber of mat hematical functions such as higher order

valROb A6 A lpixkld RGide L o x cﬂirﬂ?:h,eﬂfc 28Dk AERF SondiABh 851tAPsignal value
operators and spline functions. The | eakage | evel and

of Wi ivaritecdeadavted ro Sticompsnidiediet er mi ne whi ch functions
and/ or operators wll be used for the conpensation.

An ex of hi gher order .pqlynom cal m ght be ax" )
e H0081" e Sacrtion el b0 G Bries i @ gain and
i g . i . 4 :
oA sk AR L BN B
selgratiishicceped at step 375 ghindesedtoddniiné whitlRg{xels)ar&saruration
L [&@ + & ]1 2 where the gradient vector points in G
dead pigels that sst bn compsasated Fachsarugtiarhdengepisel that must be

' I i Qr . A Lapl aci t :
corpBEhdel Ghu ROl e fp 26, SPrmeaBb Acfilpicgle.
corhSénseXEiTR RrfofBl Gr ep 3752 Byyélih%pdﬂhg%g?iﬂmﬁ{m of:lcach

pol ynom al's, which are piece-wi se polynomals wt
satiyagaR dead pixel bybe winkght fadter i ax eeraged@dul] oDrdmailipiels under, for

el SREEEEA. BT P R BTG A S St e,
ivili ; i t 1 f Fl .
it NI et TS e a8 SLBgRL ! o Lue i

corditibh bpghe Aghidl &hlueciofae sdi&ta@ioinsddh&gﬁic@ Y& bedbnije@ated.
375-a. A dark dead pixel |ocation data structure

havi ng_a ain and exposure conbination that nost
cl os e?@p(ﬁ?ﬂc he dadrixe] degasion; dagy srpasiiregis seloetsd s step$76sf from

nd _accessed at . st 375-b and used t _

oo T P PREEPRE P e kPS4 Aapesrapareh o ehe
exposuGifdansabllic o idask Agelrmirifbn if'adiys Etcg%75-g as to

conpensated is |ocated respectively in the actual
whichepjeels mgbiad desadl o gt scdenmgsbhahpixohloratiopdathsrmediratBad pixel

step 375-c by scali,ng do signal value o ach B
corhRaHERir 51D LBy S U L PARCI i (iR Sipal e of cach pixel
rcsﬁécﬂi‘g_@ N IRl iRAEEBharRE ¥ By Hﬁﬂﬁé thd §ighQ vah@to correspond

condi i on.
linearly with the integration time. Finally, one or more colors of a bad pixel may be
defective. For example, if the pixel of interest is a ‘red’ pixel, a formula is used that
weighs more on red from the neighboring pixels, e.g., 50% from neighboring red pixels
and 25% each from neighboring blue or green pixels. If two colors are bad, then a
formula that weighs the two defective colors may be used. For example, if the pixel of
interest is defective in both “blue” and “green,” then a formula is used that weighs 40%

on blue, 40% on green and 20% on red.

[0048] The exemplary image signal processing methods described above
may be implemented in software, hardware, firmware, application specific integrated
circuits (ASICs), field programmable gate arrays (FPGAs) or any combinations of the
above or their equivalent.
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The wei ght factor is calculated by dividing the
\%Y)era e signal value of normal pixels wunder the no
|gzm.'°%'6ﬁ(5iti on by the signal value of the darkcoesm®o4020012
pi xel to be conpensated. [0045] The white dead pi xel
| ocati on data structure having a gain and exposure
conbi (8043 thatpicaberocctsos bhsedrmsteme®0Q tiet amtludds ai GERS
. bei .conpe sated is selected and accessed at_ step
“m%%f‘%‘caﬁa QPELRE OFDISLETRT BECHPRR s descabed abvenjsiiiestrated

B S at b . Each white dead .
condin FItEl LBl Ot SRS BRIk
circuiessghac t b hiyclide CMOa(iinldgér deVR@e91 MMhct R cART walidEhre described
_.conpensation is perforned at step 375-d by scaling up '
withgieferenge toHégsilgiapugiaBde of each white dead pixel by a-

wei ght factor to an average signal val ue of nornal

pi xel r,, for exanple, the approxi natel 8 Lux

li ght f?:@%@ft 2 RTOSTREE %chﬂ’t S“FE@P BIFOFPULH] Séfif)ré’é]v E‘?f fFgmple
endthly EbAPritdda ARUELASS SkBRaInid FCPO) 399 i i
gendiall) Bl & SheaRRe B nic fO2 ) Oi ey Dpicages with an
inpugX anppiue (IQ¢ d2dcd 946 bvghd beoPsl t TienCMOS higagérgid also

val ye of the white dead pixel to be conpensated.
COmIYHUEALC $B¢ St SHCM%-@C qO@aatthgfs@m 800 also includes

&k ' ' d. pQsure conbi nation that.

e m)stl‘:d ggg o@g{?{?\tg{rag cﬁe@%éﬂéﬁ gb‘tnu%l)é. cf’lr?a%f:a Fatpyer system may include

periplorpledisades sudtSas sSebpgst dick anek 954 888 8doaipast @B A7) ROM drive
and used to determ ne which pixels are Saturation

956 ydugh pisg epmmuricatawath 68 U ¥b ererathe dus Ba2h Sditwaratindd be

ad pi xel that . be ¢ d i cated | )
sorfEB8 Mo B e B B F RSO0 5 2538 tom on imae
prodebsee |1 40CRPOSREb R r g 4per formed at step 375-e by
scaling up the signal value of each saturation dead

pi xel bé_a wei ght factor to an average val ue of nornal

pi xel F09RHEr It flaguld againpteanoteéh chapithonghubelnyedfiéh hasbeen

| hght .condi ti on. The i,ght. factor is cal cul ated by
desciS bR 30 erekist: 1 CoMlS WAENSS Giersr Shsinpingionchas broader
applitAB8ity ah@maMRMRES in LA it Q0n & UXpdh @Rt el d 8
ppt'he styi,gnal 1a\?al ue o?n%ﬁsg s%nﬁa??%%&g'eg%g%@gldc?olpggon and
drawiogpilusiatte prefefiod Einbbdimenpiofehe pagatt idverd@ing It is not intended

ructure is selected at step 375-f from anong the

that } B PEISFRYINBENUR DG ipdted | tg eh 1lbwtrated enahadimentse Atyamedification
. t . U d ' f..th .
of R ARG M SRR ol M Gy g i

shotild be considered part of the present invention.
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whi ch pi xel s are bad based on the sel ected bad pixe

| ocation data structure. Bad pixel conpensation is
acconpl i shed at step 375-h by adjusting the signha

val ue of each pixel respectively in the actual imageOYD WISE
that is bad by scaling the signal value to correspond
linearly with the integration tinme. Finally, one or

nor e g ors of a bad pixel may be defective. For
examp&@MPf the pixel of interest is a ‘red pixel, a

formula is,used that re on.red fromthe
nei ghbor i n§" PN Brocessing g@@%‘q?? B?W'Pfeﬁ'rfﬂiborl ng red

e e GRS D AR ] st
@@%%Snetsgg?%eg%ﬁé%ﬁoaﬁmgq obpediohecaiapntylerence mage
bot h "bl u "ot t hat
A ghieastone “@ﬂeB?fgencw/a%g%ﬂgsﬁ%%%éﬁsﬂﬁ g
5822‘?% s&a‘}%a%%sﬁcs PiRiYo 589 FippRas RAleghlor FORBPRRMPG 521 Trstdata

dwar e, r re, application specific integrated
E?'?Q:E?'i@ef%@l . field programmble gate arrays
! equt VhpEh A OB BETO0aE 2 T 88 DY and a pluraity

049 At b 00 t hat

o8 B RS 0 RO SR DI o s o

ti d b | | ustrated [
p'HrVaEF@f%?;p?sierﬁf%%éegiqc'ai‘%iwﬁhgs {ssm“q%scfaiecinpl 2?9%? 2
S ThAH S S St e e o

bed th to Fi 1 thr
680 PRebFELeSLgr Sk fuRme ele AeUa! ags RRRELPn By asqne sai
i L
é ey Cﬁ 9016 c\)/err bus 952. The CMOS i nmager 910
e%aoe Ey 58 Wl? aital ystem over bus 952. The
0 I l,ud
ﬁgg%’/ﬁ% ﬁmaﬁgﬁﬂggg asglgﬁts gﬁg %Bgieé %?eag? S%e]%%{a%t}ve pixel
| .d

O O L e R s

drive 956 which also communicate with CPU 944 over
the bus 952. Software coul d be

2. The image processing apparatus according to claim 1, wherein said
processor performs said compensation using said second data, having an associated
gain and exposure time that most closely matches the gain and exposure time

associated with said first data.

3. The image processing apparatus according to claim 2, wherein said
processor performs dark current compensation and said at least one defective pixel

compensation method on said first data.
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stored on a floppy disk drive 954 or an a CD-ROM dri ve

956 for execution on inage processor 140 or LLOYDWISE

CPU/ processor 147. [0051] It should again be noted

that al though the invention has been described with

specific reference to CMOS i magi ng devi ces, the

i nvention has broader applicability and may be used

in an% i ma ing?%ggaratus. The above description and |

drawi frgs i 1€, E03Q8 RIORRSSNGaPRArARAEPIANIG 19 difimidy wherein said

resent invention. It is not intended that the _

8‘?‘%’%@@’ PRVEST 3 BTty ofidark elranbreferencs images ypagr a plurality of

enbodi nents. Any nodi fication of the'P esent , ,

P30 SR EXRPPIUFAFONANARS: i A1t raSRECYBiSPER J;ﬁ‘ﬂia S§R1EpRPOpSiing to said
art. o

BB PRy B J45R c Lot RSB ROeSaS S{oF S19hS Mih BeeRgiAie oain
EiPing i boeB R P R L mal APyt PieaRoRgirgge i sad

actual inmage and second data corresponding to at
PIALA9E YMEMHar k current reference image 5 and at | east
one white reference i mage captured by a pixel array;
and a processor coupled to said storage systemfor
conpenpsating said first data usin% sai d second dat a,

wher ePn sail t© ER3ERJeCeSFIIARPaRAHSRCCrgyId e Aaimy2. yiherpih paid
c,onldi tions and a pl.ur a%l [ t,,%/e of exposure r{gi,emes _ _
&é%@éﬁaaﬁéat%%p@%"&v ¢t White referencs ipagesingen pipiupaly of gain and
ain conditions and.a 10 plurality of exposure tines ,
SHiE-RODEANT. NS 3 TesRER SeRtRd datacasreRbeaIng tosahpiuralty of
data enables identificatio nd characterijzation of . .
HEA e eRc AT & TSN PG ARl Lagetieph Zsperigted gain
[ e based on at |east one gain condition of said
%’lfq;gg’@d’sbrledpf&fm?')p”of gain conditions and at |east one
exposure tinme of said stored plurality of exposure

times, and 15 wherein said processor selects and
appligs at_] east one defectiv i xel . ns
Ay

c ensation . .
Tt hott t o 147 199e RIPoSRPEoRRall arrorpgfo Slam s, wnerein said pixe
char erization.. 2 The jnmage processing apparatus,. .
3ré%yo€1§f1ﬁrgcqp ures 3?|%pEral%8frVél'in retorence |maggs url?cper a plurality of light
conditions and said respective second data corresponding to said plurality of white

reference images is also stored together with an associated light condition.

7. The image processing apparatus according to claim 6, wherein said
plurality of light conditions comprise a no light condition, a first light condition and a

second light condition having a higher Lux value than said first light condition.

8. A method for pixel compensation, the method comprising:
capturing, using a pixel array, first data corresponding to at least one dark

current reference image and at least one white reference image;
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processor perforns said conpensation using said second

data, having an associated 20 gain and exposure tinme

that nost closely matches the gain and exposure tine LLOYD WISE
associated with said first data. 3. The image

processi ng apparatus according to claim?2, wherein

said processor performs dark current conpensation and

ot hodogs & %%?e o8 cGizeapongBolts e ST ORS Sake N Rbe
B e 2R %[c%i%ﬁ gee g""lﬁg[ﬁtf%ﬁﬁl?éfn?%%d%ﬁ?%% sysfem, said
%5%3%%9%2 ARG D HEraTn e i {eiiofs B o SRS Afemasyre times
Stror B i BB rnges 15 stored along with

For e o <Pl 3 RGPk 0 51 o e
Sys te roce ccor.din

ol 21 TG AL SR TS 8Pt A e Bl magd in Said
gt o ke ST BRnp £ e 3hamia apBpier and’a puraty

ERRRIrs e Seat e el SRBRAE”, 1 sord shorage

hi or TP POIReUES ST 8ordhe PR s8R eishar 4R(ga0 Wenfiy poels

%@ﬁ?‘ﬁgﬁg@atsﬁiﬁ%%0?8“%"%4;%:5: §a'o? Phite roforcnas

'r 2’3 82@%#@@%58&% Serarelisf 5%%%9 SRoL PR R g,

refere i.ma so stored together

. ﬁe%w'r@s@gmeaﬁwnﬁfgwﬁt i?éﬂaffﬁs 7. The image
?;?Ees’ E}ifﬁ’ﬁ?f?fﬁf}g“ise Eﬁﬁéd”%wa@ﬁ?' eé&ﬁsvf"eg éaﬁdoesda
it EGERboBR bshorRhesrErar RN e et afres G "

first |ight conditlon 8 A nmet hod for plxe
conpensation, the nethod conprising: capturing, using

a pi X& | ar TRY me{HordSatccgr%n% 16 Yalirft %pwﬂgﬂeﬂgsatlc? a&tof lcSr%Bgnsating is

one dark
performed while a digital camera is in an idle state.

10. The method according to claim 8, wherein said act of compensating
further comprises:

identifying pixels affected by dark current using said at least one dark current
reference data;

compensating said second data at pixel locations using said reference data;
and

storing said compensated second data in said storage system.
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25 current reference inmage and at | east one white
reference image; 19 LLOYD WSE storing reference data
corresponding to said at | east one dark current
reference imge and said at | east one white reference
image in a storage system said storage system
storing a pl uraI ity of gai n conditi ons and a plurality

f it first dat 5
P ok e S G

{ t id at
.xsf.dsag%a@aaa«sr b5 afs.e@t%a;’beze%g
et e T A G I

sajd second data; conpensating said second dat a using
d reference data to identify pi xels 10 requiring

conpensati on, of one ect n ensati ng said

econtloniy SAd pmgetsaten seoby Sed’ SRR S0 ST v

pi xels, if any, requiring conpensation of nultiple

defects, wherein said conpensation based on multiple

t fect | ud t
et hotEt or TREEISSN SEPBTRICITE [ pRs PP Ret 5. 15

o coReUT Y S B kA e S il o o

%onq/“rﬁ])@? gph eggc?salr%&me%gor 8&?3591 gg%h%gtn? CtgﬁorF gl}u?r%réttrrgfe(r:ence data
%eg%%orgrem? el saReMral e B Spodbes Sty §Bhunng
e tg%r%%ei%bsmée‘? ﬁwa RS SR rpensar o

S’ecomcjre(:';ljfs‘ng frclmq sa%I cap ure 8]% Ilfvd:f daT curre%t reference images said

LLOYD WISE

respective dark current reference data and for each gain combination of gain conditions

and exposure times, identifying locations of hot pixels which require compensation.

13. The method according to claim 8, further comprising capturing a plurality
of white reference images under a plurality of gain conditions and exposure times for
creating a respective defective pixel reference data, and for each combination of gain
conditions and exposure times, identifying locations of defective pixels which need

compensation.

14, The method according to claim 8, further comprising capturing said
plurality of white reference images under a plurality of light conditions for creating a
respective defective pixel reference data, and for each of said plurality of light

conditions, identifying locations of defective pixels which require compensation.
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LLOYD WSE 11. The nethod according to claim8
further conprising: identifying pixels as defective

pi xel s using said reference data; conpensating said LLOYD wiSE

second data at pixel |locations using said reference
data; and 5 storing said conpensated second data in
said storage system 12. The nethod according to

claim8, further conprisin capturijng. a ural ity of

dark &3irrehpe p@f@deqn{ggrdlqgatg(g@mﬁ&ewhq%m iﬁ%ﬁ 'P[‘il‘tyo‘% light
ain. conditions and exposure t| creating a. .

8‘&9&@8? COEPH3E R ”839?@?{"&“8‘? & adls H%‘f’ﬁ’rt' ‘?%SPd light

each c nbj nation of | ural ) n and

SR ERieh TEviod gy e Valyg e Wiﬁ%tﬁ"sh&gﬁf’g’b‘h@%f dark

current pixels which require conpensation; and
creating fromsaid captured plurality of dark current

ot of o tﬁa&e i cGprlnah ctam 1S babe cfa‘f#e%%'“r{sfcra%qna a dark
ondi tions entif |n | ocati on

0
FadRixel ;5?f§@n§eamae ﬁ?g‘ﬁﬁPF*éQE'B r?BB‘ﬂE%{I 2 “r:Ps*'merﬁ%’“b'"atm
net hod accar di to clai.m8, rther co r|S|n
Saihing fheagons et sSad Rraimtiah tebies SHBRMSAORs under
a plurality of gain conditions and exposure times for

creating a respective defective pixel reference data,
and for each conbi nati on of gain f(?Jlondi tions, and

exposlife ti h"éE“etWO@eﬁ’r‘tcPﬂﬂgﬁa clayp dp; WHESFOMRLISKIG Greting a white
i xel s whi ch need onpensation., 14. The ne
g%é’é’o%‘?'ﬁ eEexS‘CE |datama9 df ?F)’P'IHE?'“&BH‘HJP?%?%e’E%ﬁFE?rtf’ﬂ%°°mb'”at'°“’
ce i.mages under a
SRuthan laefens ogftedBatpieln BhEb fquBering aston.
respective defective pixel reference data, and for
each of said plurality of Iight 25 condi tions,

?233.“ Y ol etiadaiotding B cBit '%?fgﬁhéri%o%ﬂprﬁ@grré?ﬂwaa
%%ﬁ%?l?n e SxfhsPleBirts dalf BGHT <Bgh P BRGTEN Fg eyposirt tme

co rﬂlgllaatgzo%n%le%{ fgl)mg‘?ocatlonsS gfc sa?uratlonchead pixel, which require compensation.

19. The method according to claim 14, further comprising creating a bad
pixel reference data for each gain condition and exposure time combination, and

identifying locations of bad pixels which require compensation.

20. The method according to claim 14, further comprising selecting one of
said dark current and hot pixel reference data by selecting one of said plurality of gain
and exposure combinations based on said gain and exposure combination that most

closely matches the gain and exposure combination of said second data.
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condi tion having a higher Lux value than said first

light condition. 5 16. The nmethod according to claim

15, further conprising creating a dark dead pi xel LLOYD wisg
reference data, and for each gain condition and

exposure tinme conbination, identifying |ocations of

dark dead pixels, which require conpensation. 17. The

nethod according to claim15 rjsin _ )
creat? g aTkrr]megrodmcaf@g@ tgiclaim QEL%‘P@PRJ&{”& S ing said
for e ondltlon and exposure ti conbi pat |

PiYRe ?grﬁﬁgv F‘B AUTEASUAT HAY élg'éféaH%r %&’g‘?%b'e \'RE'BE'PP””Q P'Xe's
requi re conpensation. 18. The }hod accordin
%4'%P\¥?'f§ﬁeg‘§9tb%é#a”b%fﬁ”ﬁ beiRg sPilad thy Goad Seigrss dafk curren

d pi x reference data, an ach I n._condi
%w@ R e hgcsd %Pﬂd@ﬁ’&rﬁ’? Fikeifgariged 3¢ atiecEa by
t|o of S tur | whi ch reqU|re
Hﬁg eHWre 3#8 ﬂ%ﬁRQQE@rdlng to claim 14,
further conprising creating a bad pixel reference
data for each gain condition and exposure tinme

combi patio an i dent f bad el
o o7 ARl SR B B 25 B Bl SRR
acco to claim114, further c ris sel ectin

SR PRI B sheLhlien & PP CEIonPe B BFES. at a
by sel ecting one of said plurality of gain and
exposure conbi nati ons based on said gain and exposure

expostie ¢ rg%Fﬁ q%%sﬁ*&sﬁi%‘%aggtf@“ﬁ%&éo%z%%i@%cfé‘f%ruwn the
1. T
67 1P CF % 2 2hsb M@d @vaﬁ%rkﬁ'rléf%nt g Pe;%fé”@?fgsg?d%g&% current
C%"srzéﬁgfﬂﬂegarn% ratbreectPy ek suragt et Blefiehreni drn. S
tifie

bR ETL e RRreS PR St et SR b B e opieTig om

ntlflgp as affected by 5 dark current being
F?%Vg 43 om sai d second data. 22. The nethod
accordlng to claim 21, wherein said snmoothing is
acconpl i shed by averaging said signal values of said

nei ghgpr ' NPhdh ﬁ'\od according to claim 23, wherein said scaling down is
accomplished by multiplying said signal value by an average signal value for dark
current and hot pixels at the selected gain and exposure combination and dividing by

the signal value of the pixels to be compensated.

25. The method according to claim 16, further comprising compensating for
dark dead pixels by scaling down the signal level of pixels identified as dark dead
pixels to an average signal level for normal pixels under the no light condition using

said dark dead pixel reference data to locate said dark dead pixels.
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10 23. The nethod according to claim 20, further
conprising scaling dowmn the signal value of a pixe
affected by dark current, said pixels affected by dark
current being identified using said selected dark
current and hot pixel reference data, said signa

val ue of each pixel identified as affected by dark

e o0 hoq B E@?fiﬂr r%%S%’"{qrtgraﬂlﬁg'?dwﬁEC°$q%1§r§ir% %Oiignq%‘ﬁ‘@tmg for
down . d.b d
ﬁlt%ﬂe%@r%ﬁa e gna - b SShing b ant sBaitho idwadne siansllove! Apixeis

xel at t ed gain and posur e conbi nati on
Bt'fiﬁd\ﬂsd’i"iig ﬁé”gi r%ﬂ&l V@EJ eJPr A P'%%'Pé’"f’%r i first
at ed 20 The accor di to claim 16,

bt Ertioniing W%Hﬁ%ﬂe ST TER oS o I gead
bg scal ing down the signal |evel of pixels identified

®§ark dead pixels to an average signal |evel for
normal pi xels under the no |light condition using said
dark dead pixel reference data to locate said dark

dead | 25,23 LLOYD WS T t hod .
aii‘or ho The EiHi"r‘i'iaf‘f”di'i?rtPi? mégnwFFér%q%wgeqpmnﬁgmg for

erualon se%fid GRels B 35ahodie (7 sioPe 9 ahPFes BipPeds paelidion
St pikefde V41 7 Goiitn ek ePREAS ap fPriiopiconditon
dead I f t d white. d
(FaEpd SSyrabngle ﬁ@m&ﬂfe SRRRAT [ GoP 26 SEr YT Gt phets.
conpri sing conpensating for saturation dead pixels by

scaling up the signal |evel of pixels identified as

saturation ea i xels.to a v, | ue. for nor

oi xel Bundbhe @fﬂw%sa&eswwgi tPg m 8 R pererRss(ng %awgaﬁ%img for
e data to locate s

B8 1b b RefrEls 1S isel U Ft b btaLB580 G §fePtng one of

géié‘ ggi]nla%ti efocr)stUI?g Iiime cwﬁibinsatigrgs g c%rlir‘?’ga Ehe s(?gna? [evel of pixels

identified as bad pixels to correspond linearly with said exposure time selected.

29. The method according to claim 28, further comprising color

compensating bad pixels using a formula based on a humber of defective colors for the

bad pixels.

30. A digital camera system comprising:
an image sensor;
a dark current and defective pixel compensation circuit for compensating first

data corresponding to an actual image; and
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bad pi xel s by selecting one of said bad pixel

ref erence data based on selecting one of said gain LLOYD WISE

and exposure time conbi nati ons and scaling the signa

| evel of pixels 15 identified as bad pixels to

correspond linearly with said exposure tine sel ected.

29. The nethod according to claim28, further

conprising color conpensating bad pixels using a

f or PR IMAISRIOERPSAT FRiPsE 1o Splddlar 'éE‘f’P% aE%PS%t"?eo‘P'X?' he

bad pixels. 20 .30. A digital canera system conprising:
SRMPREGHOTS EFf8 for fa“’@éﬁ?'ﬂg &aif MR datafergy é?'@é’i‘?%g%%?ép Skid dark
conmpensation circyit for conpensating first data

E‘H%ééﬁ% Agfertye Rixejﬁ%‘eieﬁ%ﬂtmp GESHEY and 24 LLOYD W SE

an i mage Prgﬁzssgr coupled to said dark current and

def ecNeENFAL Ak GHFERSANG; dfective PpEt compensaliqRigHh fciudes a
said first data fromsaid i mage sensor to said dark
SiGFA08 Y S8R CAUATER 9 3 BIOGES0F ViBdH SN S SIo6RS SIS i date

wherein said dark current and defe?tive iﬂg

EYFRSEARYIRY ihsad petpkmAge Od &ecopd dg %?%Feégen 0@ {q:3h least one dark

coupled to a, processor via a bus, for storing sai )

FYrFet rejgreqce E&Qee%'b’o?{dﬁ%%mﬂ%wﬁ%‘? trfeleneRimagRegRtusRRibY said

second data corresponding to at |east one dark .
gq%,n%@ plusality ofgain gpnditions and a plurality

ERgeSeNSre i SIER0S SHstRn
reference i mage captured by said inmage sensor, said.
QP ATEC SYE AL P i 29 istaata 370 Plsally e Sonsttions and a

and a plurality of exposure tinmes associated with
RIsfadtyrqf expostse }émgﬁassaoc‘gﬂt@g with p3id §ecd ¢At20ndi ti ons and
a 10 pJurality of exposure tines_associated
S econiherEinsaid,ARRoB fataenablesidenifialion o AXEIS
identification of pixels of said first data which nmay

pay kerdected byt least nedeferte@ef ect, and wherein said
processor . sel ects and |ies a conpensation netho

P or  cRBRelsysaid Bioge 10k e G aRBtroct cuBrarsalon Bagpd feach o

sdae;g %ic):(tefs fc:)Lr5 each of said at least one defect.

ith said
ég salfc]i first data which

31. The digital camera system according to claim 30, wherein said storage
system further comprises:

a memory device coupled to said at least one processor via said bus; and

at least one non-volatile memory device coupled to said at least one processor

via said bus.
32. A computer system comprising:

a first processor;

a memory device coupled to said processor via a bus;
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31. The digital canera system according to claim 30,
wherein said storage systemfurther conprises:. a
menory device coupled to said at | east one processor
via said bus; and at | east one non-vol atile nenory
device coupled to said at | east one processor 20 via
said bus. 32. A conputer systemconprising: a first
processor; a nenory device coupled to said processor
via adigast O”EEPRWMUW%’EG 87id @bleast 1ednpyHoutnUb deyier coupled to
device, said at | east one input/output device coupled

$q)d chésiﬂfd@e%%%Pef\Hh&r% () ﬁ?@r 'PBW&UH?Ut gg¥ce baing animaging
|nput/output devi ce being an imaging device; said

9% ng device further conprising: 5 a storage system

for storing first d@ ﬁ corresg@ndlng to at |east one
act uafaifl RN AeVIcRUBREN CPRRRIIS rrespondi ng to at |east

one dark curre reference, i e and | east one
O o 1 ch ElrERb sHsthe K AP B AT g2 CoraBpondg tasat legstione
at Ieast one second processor coupled to said stora

® eiirest

syst eftiFimageag é{af%@"?&%" ngto eblPreIRsIfdrh
sai d tual i ma ein sajd s%Fora e system stores
o U Pote RE A M s S T kRt cRpirast by & pixel

exposure tines associated wwth said first data and a

pl ur afi@% 8¢ gain conditions and a plurality of
exposure times associated with sai (E*l?éiseco nd data

wher ei n sa?‘geésé&?ﬁ&eﬁ%ﬁdapfe?ﬁfﬁP'é%O%P ﬁ?usﬁidéé?r?%s\é%m for
characteri zat. 15 defective g els of said first

o S areatng 5 gaﬁﬁaecefr@apw'%tms G ect

bei n characteri zed as at

sai d defect i X | east
one of & dHPE H@%ﬁade afps?@les serippes A el ket cand'tlons and »

o q |
sai o Bueie! sroeted s srutidetth B dat Aerapbrayy of gan
pi xe

LLOYD WISE

| conditions and a plurality of exposure times associated with said second data,
wherein said second data enables identification and characterization of
defective pixels of said first data which may be affected by at least one defect,
said defective pixel being characterized as at least one of a dark dead pixel, a
white dead pixel, a saturation dead pixel, or a bad pixel, and
wherein said second processor selects and applies a defective pixel

compensation method for each of said characterizations.

33. An image processing apparatus comprising:

a storage system for storing first data corresponding to a plurality of actual
images and second data corresponding to a plurality of dark current reference images
and a plurality of white reference images captured by a pixel array; and

| a processor coupled to said storage system for compensating said first data

using said second data,
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conpensati on nmethod for each of said

characterizations. 20 33. An inmage processing

apparatus conprising: a storage systemfor storing LLOYD WISE

first data corresponding to a plurality of actua

i mages and second data corresponding to a plurality of

dark current reference images and a plurality of

white reference i nages captured y pi xel array; and

25 a Yhererssay s'omgs Yatebstegs® Ry aktag’égglpscpaﬂmmand a plurality
ensating said first data  wusing said second data,

2f6e PEGWBt'We%@SS%%tPEiV‘f‘Fhﬁldcf"%tt%‘% 3 plralify ghgingonglitions and a

Elurallt gajn conditions and a plurality of

WY RT S F’iOFHé’ umesRssatiaigdwihiraiksesond e gata and a

plurality o ain conditions and_a plurality of
exposWP%P/ ot w?segogsaaga %@%%'ﬂe@@?ﬂ'%@é‘&rﬁ@a%e&'zat'on of

wherei n_said second data enabl es identification
defgrtiyetrirs! 519nals frogy said ablpasiiong achiekiglagsikgaad en £t @ﬁ?t one gain
sai d. at | east one actua e _based on at | east one
gR{IdHion o saidsisRd gurality %'J goaﬂrb?‘glﬂ"tﬁﬂﬁ paf At ke a%tf°”§aﬁxﬁ°sme time of
conditions and at | east one exposure time of said
gqlg,stgéedp;plmaﬁiy,qf)exacpsu@(wagara@ ti mes, and wherein said

rocessor sel ects and a es at | east one defective
Bu xel W esw@aws#%?@ 36%88“%@@%350"3 defective pixel
characterization. 10 34. An inmge processing apparatus
cSRpRNISelioymethodigsed) en s9idcharac 'Zétf%'ru ng first data
corresponding to at | east one actual imge and second
data corresponding to at |east one dark current
reference i mpage and at |east one white reference

i mageStapt OF B95/PRCHTSING aPRAFALYS CURRIISING: 4 processor
coupled to said s or a e z\ésst emfor co ensat [ ng sai d
fi rstaamse ‘i¥§f% & S194ng Atsh AatarQArasPngde pt legstone actual
stora m stores C

Biage g it 93 spresnsaelidd Bl ek el Gyt iepncanpge anc
fllrst dat% id stora e éjmfur her stqres a
B '&asione H? %ﬁﬁ’?c%ﬂ 4aRs A i@y of
exposg F)reoc'e!ssrg?'scoupled to said storage system for compensating said first data
using said second data, wherein said storage system stores a plurality of gain
conditions and a plurality of exposure times associated with said first data, said storage
system further stores a plurality of gain conditions and a plurality of exposure times
associated with said second data, and said storage system processor further stores
light condition information for said second data,

wherein said second data enables locating pixels requiring compensation based

on one defect, and pixels requiring compensation based on multiple types of defects,
and

wherein said processor selects and applies a separate compensation method

for each of said multiple types of defects.
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associated wth said second data, and said storage

system processor further stores 20 light condition LLOYD wisE
information for said second data, wherein said second

data enabl es | ocating pixels requiring conpensation

based on one defect, and pixels requiring

conpensati on based on nultiple types of defects, and

wher ej rocess cts.and a S a separat.e.
Competbar bl s s i Sormbstaton, SrsRanprng
types of defects. 27 LLOYD WSE 35. A dark current

and def ect?t\)%a%o%lpr%ﬁﬁ)oénsatl on circuit conprising:

at | east ongg essor; a bus; and a storage system
coupl ed to® B¥#"St | east one processor via said bus,

5 for storing first, data to at |east o
actual | nabEAE SeleBhouaea 1 ST PLeR AnR il S via S48 bus.

curre

o ao0n¢ 1t SR ralrmendnglg et EAS BB i e i

SRR SRR A T PO D ol v

d .
SR bl %a%fna%gg 85 ekl éev%kénaéto% = puralty
Q eqiag'ﬁ'%oat E@gg\”ghgsls urgﬁlt é | %%U%ft%s%ﬁsm8%3 with> dsaafodflrs& data and a
S Bl A P38 B

aeggl §§ a conpensatl on nethod for each of said pixels
W of said at | east one defect. 15 36. An

| nt eg(v %}%91 salJ eucokd %gnsariaﬂeg%caﬁorqg[ &ﬁ%(&%l? &4 fiﬁsgg?fia r%hiCh may

defe pi-Xe I"ONn Circul
f| [ LT to an actual |mage and an
Ct%‘f %slé °§§§%ﬂ*§5%8 said dark current and
def ec\%é/rgmpéa)l(oegt least one processor identifies and applies a compensation

method for each of said pixels for each of said at least one defect.

36. An integrated circuit comprising:

a dark current and defective pixel compensation circuit for compensating first
data corresponding to an actual image; and

an image processor coupled to said dark current and defective pixel
compensation circuit for forwarding said first data from said image sensor to said dark
current and defective pixel compensation circuit,

wherein said dark current and defective pixel compensation circuit includes a
storage system, coupled to a processor via a bus, for storing said first data
corresponding to said actual image and second data corresponding to at least one dark
current reference image and at least one white reference image captured by said
image sensor, said storage system storing a plurality of gain conditions and a plurality
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20 conpensation circuit for forwarding said first data
fromsaid i rage sensor to said dark current and

def ecti ve pixel conpensation circuit, wherein said LLOYD WISE
dark current and defective pixel conpensation circuit

includes a storage system coupled to a processor via

a bus, for storing said first data corresponding to
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