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[0003] The largest portion of unwanted free electrons in a pixel array
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 té
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. Stre.ss, extended defects and

metallic impurities among other factors all contribute to undesirable dark current.



technol ogy process-induced defects increase
dramatically. Stress, extended defects and netallic
WO ps/d44bes anong other factors all contri but eP€DUS2004/020012
undesi rabl e dark current.[0004] For exanple, the
transfer, reset, source follower transistors typically
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root mean square (rns) dark current i,se bei ng equal
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al so conpensate for hot pixels. Bad pixels are pixels

that [6‘687?61%%9@%”&5}&@ afd ﬂ{o%gero[gro%?c\lﬁ with imagers. Defective
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 Wlll 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 capturing 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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an indication that they may go bad during their |ife.
Det ecti on of bad pixels is acconplished by capturing
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[0009] The present invention provides a method and apparatus for

reducing the effects of dark current and defective pixels in imaging devices. The present
invention uses the on-board available memory associated with the pixel sensor array to
reduce the effects of dark current and defective pixels by capturing and storing dark
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 capture 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 captured 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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reduce the effects of dark current and defective

pi xel s by capturing and storing dark reference inmages
wa@pasmisbe reference i mages under di fferent gaP@I/US2004/020012

conditions and with different exposure tines

(integration tinmes), before an imaging device is
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dark current and defective pixels when an actual image

is acquired by a pixel array.[0010] These and ot her

f eat (00319f FHe Iawerlodndimgiam pampxemplary digital camera system
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and defective pixel conpensation circuit of the

camepr.esent invention. [0012] FIG | b is a block diagram
of an exenpl ary enbodi nent of a dark current and

defective_pix conpensation.circuit of the present
el PPEI P HIG of 1Y e aireriin prRipYmeshos Tog B5HK current and
.. fl owchar.t of - far -

white el G B Y PR SR IR AR toplar 3BE B 6 B @Hce and
testidl the tinme of manufacture and testing. [0014] FIG

-ais a flowhart of an exenplary nethod for dark

current and defective pixel conpensation of the

pr es¢0014dveRiGodraps & Bowchartiofian skemplwey medied fay dark current

operation by a user. [0015] FIG 3-b is.a contin ationd .
and dsfeqrivepach cOPPORBTIOR| A the PEESFAL IRV EPY tfigypl camera during

operSiRAfed N ew of step 380 of FIG 3- b.

[0015] FIG. 3-b is 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-¢ in an actual image.



[0017] FIG 3-d is a flowhart of an expanded vi ew of
step 375 of FIG 3- b. [0018] FIG 3-e is an exanple
woRoog/osidgnal for a characteristic in a referene€l/URHNGE020012

[0019] FIG 3-f is an exanple of the signal for the
characteristic of FIG 3-e in an actual image.[0020]
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a dark current and defective pixel conpensation
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if no@sllf pbbsiisle ddmsbinatieny ay Laimandi egesuet, oviich deay iHeyengpuntered
pi xel's, which need correction and the kind of
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the identification/location data that nost clo
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. . captured.i e. Th i xel s needj ng.co cLLon d
e SN bR e D, PRREL 0 LTS e S
combt?ﬁ;i'tfo?lc% 18 B X&ks Ad rhgicdc tthalidddEetiod Mockiidll data that most

pe of correction that is needed includes infornmation
closclg unhtcasthehgtih emdaexgefsent tombjpiagieh, off dre astaalptaptuied imnage. The
~dark dead pixel, a white dead pixel, aturation dead
pixelsppseelingFoBCH IR Pk &he Sqoresiien dncied raéw&g]&'i%ﬁd and used to
condi t.i gns d e sure tiAes;. da r '
comeF PR SHER TR CHT e I G A LS e
inclul QWh ARIRHEAREL L9Rheficani ddfegiva phl [ for RRimpled&f £dirk dead pixel,
Dark current under high gain conditions gives a
a whiteed@id pigel, a saturation dead pixel or a bad pixel.

[0022] Under different gain conditions and exposure times, dark current
and white reference images are captured. High dark current under low gain conditions
signifies 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 process 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.



magni tude of | eakage in pixels. This information is
used to create a coordinate |list of poor quality
we@rooslosi466peci fically, the former (high dark CRPCT/E81004/020012

under | ow gain conditions) is the result of a process

defect that cannot be easily corrected. The latter
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ate nore uni quality pixels in an array for

pixels NvBfte deats bixkls, Stidationidead pivedd ardilsidypizels 0828imEpoint, a user
type of correction has its own set of data. That is, .
captutch ecmahineagess Prarpuporpiusiag thedaeation ofhe Powis preditgcorrection

ff db k t, (includi h i xel
and dgarBEieaP P e eccig B st SRl HE) § By e acrual
image§ 9, baGaE RS A Fﬁ} éxa}ﬂgé M%tﬂée&ﬁk afifrest pelelMpcfdiidata (for a
current of pixels

or are and defective pixels,
given ighf] it & odarekcopeisidaionelsavendpct stgrid aglupixelsilated for the dark
saturation dead pixels and bad pixels. At s ,rreaf)oi,nt, a, .
currentgexels wengified mdtméar1<icnﬁg@§pv%§>ﬂ§mﬁ§tau§ Fatysds stored in
| ocati.on of the pixel s needi correcti.o
e UySE o0 BB R REBRL e RaCERL AN D8 e
dark &Pé%hB]l Se HoveNfic a6LHEL viTBGEROAAN (LIS AhAacd 86 ligher
exanple, using the dark current pixel |ocation data
condifibar The pixeirthgaidendifidd axpoasucaed osthi natoodngan sealmgage

signal value is calculated for the dar _CUfrent i,xel s
describad el cry.dd shenleihe rpied thatra engle prtegratedpie] oratpyt data structure

oA O T R 0 g et
defcc{/ %% gﬂg%@rcﬁﬂé kregﬁfr@%lﬂﬂ 'glevc%'rf&ti@ﬁé)é/&a bingleaviedorgied pixel

f normal pixel's unhder a no Iight condition. The
locatiBhX¥Rtssthisrel danhédd edbanmlidalimensieval usicngtampotndiparion of the

or scaling as described bel 0%1:\/. It shoul d bcfl}gor}fpg t haf
type of deiferglos in sheyiapaiiveiiedyPe BeRITHOAEAUEES P HRaC pxc
.coul d be created and used. Vel P .
locarigR sty i npiorEhar nder BB hich K, HBta fsle pixe
iRSLE! ShErufcRQd s i 6y CDMHRGH A8 BEPIa GOk structure
lOcatllbﬁt égr ate pci xel | Scat i on d%t a struc ur%e may need to
would eithed lidve db ensibndimorsicoahbacontain inddindattion ofthe hge of
type of defect or in the alternative the type of
defector r@stafsariesden Feaitiretl tipl e pi xel
[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
- Jocation data structure. The logical operations will provide a set of pixels that have high
Jeakage. The exact row and column locations for these pixels can be found using

existing row and column decoders. In an alternative exemplary embodiment, the dark

current and white reference images can be used separately. Images captured under low
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| ocation data structures are used in the description

which follows, but a single pixel |ocation data
w@re0aoo4se coul d al so be enpl oyed. The singl e PCREE2004/020012

| ocation data structure woul d either have to be

mul ti -di mensional or contain and indication of the

gain doHRBis Mebestd ehroughe fiferabidiechnanta equidiedeakhHORAGL The
' There are severalways to a create pixel location data .
tuningtparmrhereeisarvagable thatiapessed $0 thefilee vlighpambg implemented in

hard 376 GE OB DR GLHFCRFo oS TORC D G e B SN oA

.1 ogic [ '

Y t f@2Pres As ANPhaNdeQkage levels in the range of a
P“fhéﬁgﬁﬁgkﬁﬁggﬁgéﬁggrnéﬂﬁ$% gate the Ioé%tion of the ®
particla¢@)i$. Thisdnforgiaceh ib ewaéd pravdistde duffarstandeproTives a quick

| ogi cal operations will provide a set of pixels fthat
referdnaw €0 Higteldtgkaggnituriseofdsakese o diarent ArSnAng Gubs Bied furtber

. for these pixels can be found using existing.r .
i prSG TR GRS WP ST TR D e Ry g e Y lghe
condl%?.di ment, the dark current and white reference

i'mages can be used separately. |mages captured under

| owgai n conditions are passed through a filter that is

t une00253 CRIG dlais haakagplargembodiFhentt afii poytiparcfmedigital

is a variable that is passed to the filter, which can
camebesystept £6@nvhighiemplaysamineagsipreerssoiat4d) and haga dark current and

different | eakage | evels.as criteria,.bi f . .
defectis BRSCRORR R Ran e 188 et b el Higp Ragpynvention. FIG.
La cofld B TbeiRko BHRYETH BAF KRG Rl E A DeOmpRemented with
discré¥ @bhpohenBuRber decaddr poHund esluangdeadder fl@raznceuplod to pixel

the relative magnitude of | eakage in different pixels,
array A48 acensebtaslert ppixdhén thepigelaseydi iy baph pie] pyiaus a pixel reset

i der different gain ndi ti ons X te. t]
mgnatJ I{}gﬁﬂndcaOWF %gg%l D@b&ge] Ta% CO!ll’El‘aOﬁlﬁg 9‘2@ 1s COv Igp'ig?g?os@l% row
decoq%f&:’ Wﬁolﬁfmﬁdé&ﬁa P10 Qhd YetlirBih & whidHBHR SMSdoditan are
, I ch enploys an i mage processor 140 and has a
activalad ko prsdientthaivg, sted ¥t digiealpofidle selonpdnoat drshedivmpuintes of
145 in accordance with t hebfr esent inventjion. FILG

: ! : J
pixel goray d 16e Thasegpley/beld egarhbs® ssausnealbnicesivet &g RIS signgl from
e <SS RIS L SELALS SETRANETS
circug! 1)2%: probIdRY tHd ¥, il V%gﬁixél QGig9i8ls 86 kuBtridt¥ e 30 'whith subtracts

i'xel array 1157 Each™pi xel outputs a pixel reset

them. Analog-to-digital (A/D) converter 135 accepts the signal from subtractor 130
and outputs digital signals representing the subtracted V,,, and Vy, 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 performs 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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signal Vrst and a pixel image signal Vsig. Array
controller 120 is coupled to the row decoder 105 and
wa@odoammsdecoder 110 and determ nes which row apdI/osio04020012
are activated to produce the Vrst and Vsigsignals of
the selected row and colum |ines of pixel array 115.
pixel ﬂ?% SRERS efiealad aGhrietyi df %Laﬁc@ﬁﬁtieﬁﬁ iral Withreeeeiewesf ¢tpesure
pi Xel signal fromthé colum |ines through the col um
timesdEhextémagdOars ekgairédat tiertone of nnsfasturpladyer ke bycupser

. 125 provides the Vrst_ and Vsigpi xel sij hs.to . ..
input SBAFREENCS DY, T 47 B mne Prosind: 40 Nod-Solatile fash

Anal 0g- tondi gi 0 JCEERES BlfRer 160 may b
memyy Tl #?Q%@u@??%%%ﬁ%o%%ﬁg{?%g?%él drgetal signals Yoo
used fERHESANRL biher tpired iatactigbughsdarkodrrbisi gl defectiiegriatls

to i mage processor 140. |nmage processor 140 is al so
compensapioad-itcoitdaibkis showens aaeparasicennopsnpinElG. 1a, it could be
) conmpensati Qn._cj it 145 and also to tput serializer
implemygted PR gﬂgmﬁgit@e gnggf‘ogligcaﬁsgb}gﬁq of an

exenpl ary inplenentation of dark current and defective

pi xel ensafd k haHidefctfiPe pReEBnpdikabn irbEik 145 may be

type[gﬁgg?ocr:%%ééocﬁﬂrpegrtfaggns ima%g gonpe%érgsﬁi olrlm CPU 147 Y

embeldde§ QURldeA Al Soldd $taeadantits (IDSE)] whizhnhayobe an input to a computer
communi cations between CPU 147 and ot her neno

r .
systemmoAtromarively, thordavk catrenteartd defptivsraiks) cggfpre@faﬁf%gcircmt 145 may
stores lyraljt dark current and white .
be prpBEH SHARPTS OF Ui D). FRBber § MEGHF S £ CRBAYA G s gt dark
currclﬁg ndi 8&@%62@961%021&)&5&@(&1 &5d AfsoBePasHE R ehiclBA softiaRestored

nages are quir at the time of manufacture and/ or

and rhah@l iBNmAgHpRIcchsopUOand are recei ved by CPU 147 from
iI-mage processor 140. Non-volatile flash nenory buffer
170 may be used to store a plurality of acty i mages.
Buf f §00280 n¥Rhitsendsdagk carrenipictcrapse 191agey aty g‘%‘lﬁ’mﬂé gXposure and

. data. Althog?ce;h dar k, current and fective pixel red

gain eHBHARLERBRC AFaERd P PRt/ ordnsy e pk A guired
conponent in FIG la, it could be inplenmented with CPU

147 Egpgggt herd "Rae #608E3886f arl 42mpI8R2htthidar X0® Bir Rk current

and ive pi xel conpensation circuit 145 may be

and whkeadadnidintgdi @ptiat as eld dmstoftreamdnens (dSEtingAtchep 205,
may be an input to a conputer system Alternatively,
dark thecntarcferenacrisngentrg datised npdery vesiete @ﬁﬁ%ﬂs‘?&ﬁii cgRrosure

Condgi:f{‘{‘:& é"th ﬁ]g‘ggg%/éﬁ%sg E’rﬁ%%%%?e g@%ﬁﬁ g%g'ﬁ’ﬂ%lﬁgcdf%é ar?l‘émory, e.g.,

memory 165 along with the gain and exposure information for each image.

[0030] At step 210, the dark current reference images are processed. This
entails geﬁcra@g 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” ora “1”

indicating that the pixel is, or is not, affected by dark current or is a hot pixel. A dark
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current and defective pixel conpensation could also be
i npl emented in software stored and running in inmge
wee@sosses 140. [0028] White and dark current PET/E8mN0E20012

i mages at different exposure and gain conditions may

be acquired pre-shi pnent and/ or may be user acquired.
curreh0Q2Phothikel 18citioraddth esnbard isqfroeided fenpichrdarlrentont reference
' 200 for dark current and white reference inmage capture
imagafortcach ghimmngfexpait £OMMRALMY testing. At step 205,

dark current reference i mages are acquired under a

vari ir d e i ti ' i O ..

Thes PR Y ShimMa A wLGRI <ol BRleh oRRE! F PR BE pgikonditions
and eﬁl%(?mc RRIR Y, HORG stbiech o ReparlisN ANehieXPes Wdted in data

Imformation for each inage. [0030] At step 2I0, the

structfdladfsksuleli ks edtiles) &f sordda memges cag. emomure defdr 160 ‘Ehe white
entails generating pixel identjficatiqn/location data.
referepge smagasevacariufadomdaa aEER Hdighd condisrogs %&Pﬁé’é’e]éght>

... is_.used to identify .and | ocat ' f d
lghe g 9 ST 00t PP s i At 5up 8 8 QREE el fehe

levcl,%t.é.lﬁg 1 908SusS Y54 @endraRdePomithE vaR@R@dndeSniipey £d used to
ry, e.g., meinory buffer 160. Location data are

identifppid hgatodefetiirepixat. Dakctivkeikemgehatenduk dead pixels, white dead
~ . Specifically,a dark current pixel |ocation data
pixelss satyeatipnedqatgrxes pag a¢arss- gai n and exposure
conbi nation) of pixels has bits having a "0" or a "1"

id 2? Ik ?@g??g n : R@ Erteﬁg gig P%ﬁ\!v%l:té lé‘?fglreﬂ.k%gﬁ es fra?é; %%%g%gd.%ftﬁs entails

gcnexggég lyatiBGSHA QR BliResSok Wied HEfctive FlkElY helRfllohr Dadetead pixel

current reference image for each gain and
locatiexphsa steucandianagermmatefl Fo84 yarBityriof grinyconiditiansraailerxppsiere times
I mages under, a vari ety of gai ondi ti.qns, angd exposure
by meppipg the ocatipr of pirckitha b aizak ﬂérteélbolgfel.u%?ﬂovaé’fl&wagc

. t d i f t Uf: '
o B ARG O SR D SR o
strucﬁﬁf:sg{r@ REBclafRORT a8/aflefAH g Conditiens dnd afpdie Ginch bghiapping

conditions including no light, Iight at, for exanple,
the larafibn sif pisieghthat bavel 3 whitg thrashald value abotte bobeloxanpherage value

o e S, ¥ i S B S EERCE R hpion.
s BER1SS BEFES Ytk B BSUIE Rtk
conditions and exposure times mapping the location of pixels that have a saturation
threshold value below an average value of normal pixels under, 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
9



pi xel s, saturation dead pixels and bad pi xels. [0032]
At step 220, the white reference inmages are processed.
wahbios/oensai | s generating vari ous data struct urBGST/I82004/020012
the defective pixels as follows. Dark dead pixe
| ocation data structures are generated for a variet
of defetti@apivelaandkingle msaten d)fat(bamﬂgieeet dimessiops msp Hy thivd

~ location of pixels that have a dark, threshold val ue :
dlmellzﬁbm/@fé?ﬂ?ﬁv@ oV et gFcReTRIRSp X bt ARy Shpatices
i ght condi tion. ite i Xel: i :
for el GEUSLE it Bef 88, At loh 7L RRARLE v o
indi ﬁgﬁ%ﬁé&&st& EXPAKIH& tivk ABE thy ghBppndiidihend eqatsient
A pi xel s thg?Xhave a white threghold val ue above or e
combbxeition(grnaviphagendaionés)ofndeomiath diogikel wasdtefectiver In the

exanple, the first light I |, e.9.. 28 Lux,. |light,.

e e o bbb 5 i o it b s pe
structyres ape er | et f i -

et SIS AEASE0H ] S Rt R BRBicn o

defecBbe Sl ddiPthch¥ereto Bt deft.on threshol d val ue bel ow an
aver age val ue of normal pixels under, for exanple, the

second |light level, e.g. 100Lux, |ight conditjon.
Wi t §0034Er dse 3-aagefowthisnal pi sxgmplaremetind 3@ for dark

o S S UL eckareund L LSS 16 30
n t i i . i . .
et TR SRR LA BRL LD ool S 1008 desvs

to proditdehsf thr d2903dlreiMbdil defestiy piftel aoappbdtitiediuring aperation of
number of ways. One exenplary mapping scheme nmay be an
the canemyi.og theatser hathabé nptiom te takeyaddisionad darkdiuigent end sdnte

et ELE SRR STLC D on RS eal g e 0.
.. ;dark dead pi M- ri ,
B

accurdte, h8@BicltdY B rdctRas anbicuhesalitibss thanrtlost derhguaent and
corresponds to the type of defective pixel. A

whiteqlefarahdet iynagks takenys thy fagery acdhs fioe of seanufgsarcsmd testing of a
defective pixe|l for each gain conditi b
camefs ESEAR A ISGTCOIRE o BOT P G ALY ERS 1 ed gthe response
e (R t [ - e '
o SRR IR S PR AP IO ARy v
dark Bir&ht MRISwHRE esfticviee ilhﬁ‘%ds he addlitiohnatthue; alemady takengwe-shipment
n

storage especiallyif only a few pixels are defective,
at thaficicgy ate/plenand stored at step 315 and processed at step 320. The image
counter is 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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structure could be used, where each entry is a record
indicating the | ocation of a defective pixel and the
woaaoanet46f the defect. [0034] FIG 3-a is a flpomnszom4/020012

of an exenplary nethod 300 for dark current and

defective pixel conpensation. FIG 3-b is a

cont {(IUBB | oPiels HteCre BbpdarRafuerent rigclidingt hotopif¢l, angl defective

at step 305 the user is queried to determne if he/she
pixels desidensfitdapd betatel bised ohghe datasterpdriaiatasiiidercs Preve

. pixel coppensation durin eration of the c ra; 1.
during te mapﬁggﬁ%@s A 95 PR h OO TEr e fp dara
struc C%{ggﬁ%m@&p%y@éﬁ sHpeference inages under the current

conditrrons for dark current and defective
pi xel conpensation. These additional dark current and

whi t Fp03Y Br e 3 FagesomimiatohefdIGuBad.é\n arphidyriotencd to the
nore current anbient conditions than those dark
digitabcamentsyssierd iswriade at stfeprdice detereine veesherhe dpage capture of

factory at t time of mapufacgture and testing .ef a
3Ctuald&??§ﬁ%15icﬁ9é’§e£§ thg e Ens L S fgalcaeragRtyB ot o Fheernal
. fl as . i i
timer ey §3; TR, WeeHRAEyHle yIRCH BORRAREINGTSSAPIRI, e
captufd BUssiasedORete s@thpletdielf thaage @prured narncbmpliteel, then the

reference inmages In addition to those already t&ken
procegnes- 300 pomitucant siep 33&e Comypensatiompul bemeriormed dush for

tep 315 and d at step 320, The | y
defecti bisrle Aafl bl cRngk prradohdrhy gy 8" sk Abgy. TR0 Bk s
immar(t:egia?e waé%gaﬁ&?cﬁ%Be AfadRGl tin{P@as thd\@m@h & idle. If

pture conpensated using the stored data
imagStdpigicUs esmprnet,ahed adstep 3¢ 5frhe digisal oamehsystor adedat an

structures generated under current anbient conditjons.

actualimagcepdasss themehivs tafeispes ipagss o idaitepad {eragagfgraye pixels.
o S B b AT P A v
in onéa gg In?clﬁg Wlhd GGG }]5]5?{1 BEL s r @RS GFk APthced Hiflcompensated

nal 1 nfornmation such as gain and

signaleve@s Wither Giegkatidihingfantbort bpdedreadsigmd values of available
stored. [ 0035] Pixels affected by dark current, )
neighbocinggiirals drotcaling shessignal rabyes et thedefpstve|nixcls of the actual image.

One BTN b RS S G5B R SAR BB bl e
divid%% ?gﬁ%écﬁ%erﬁ%%ée e&dt ﬁ]ﬁelr?s?g’ﬂal/vaﬁﬁé’.dﬂ%grdi@b@ c&nPesshtion for

structures generated at step 3
defective pixels is immaterial.

[0037] As a specific 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

11



[0036] FIG 3-b is a continuation of FIG 3-a. An
inquiry internal to the digital canera systemis nade
w@rooshepeB895 to determ ne whether the inmage capCT/Us2004/020012
actual images is done. If the user turns off the
digital canmera systemor if an internal tinmer exceeds
availalletif e ddiasdinlgipisels hage Ak beemnmadatdums reqwisiggsoarpensation. If

~captured, image capture is _assuned to be completed. Lf .

neighberig peebtigna valiica stc eimpREtRe, then éFﬁ'PEéS BF%@ éd%f?gn% g’étor 18
cont.i nues,. at step 335. ensal.i Qar,

caleulfiedy PErTTETTE Brkare RRG PRGN are RS BEEHA AR bposure

comb%ﬁoﬁ%a@ﬁ%@d QoQlly Mabe¥ BiSatudiBraBE BEVing PitdlTRI ¢ i al .

npensation can ‘al so be made at any tinme that the

compE@ARIdeby thd dHrk.debd pixvhggnalaptueraf the powhpdughedo betvompensated.

step 375 the digital canera system accesses an act ual

The temmdorashdloselis snatehesimneans pePEERB EWORIGESTS ST ABAITPYSULe

and. | ocate defective pixels. For , . D
combaginat, g et spripraubtia Spiage P schiFiihon fhe
other@ 138 RSl dh PR bebalRl €& ghil®ragpesirt @ bbkiXeA new pixel

data structures are replaced wth conpensated signal

signaMalwsis cglictihesd fos ithgidensifiod thilndeadurizelibyrmbiipddng the dark dead

~ signal values of avail able nei ghboring pixel .
pixel sroeghit g berrempegsard \baltb%gca@pgtf%é% é?%%?g@%uﬁg ig'{ whige dead

. ,the actual i,mage. xaml. e .of ' ctor
R R e
di vided by the current white dead pixel signal val ue.
The fwsq ofAﬁﬁggge@,a&drﬁpeﬂs@ﬁo@ af g fdrir i elespikels identified
immaterial. [0037] As a specific exanple, consider
from diaf Hartteadrept xetenctbhages aindar Raidead gypreire|conditions that most

dat t t , dar k dead. pi I i I )
closelpﬁn%;ﬁ haiafithe peabenags % DA & di8 Cgirpbnad pehor
. dn.this step. ,I I ti ' i
s s S RGPS, Bl et i
affcctg? lbﬁznlngég Eia'ﬂ{‘&&r&it’%@ liddrtiffetif icRY a8kk cUrfensi locu@btiesta

. hboring pixels are reviewed. If the neighborin
strucireedndsibgnalonysnsetorasuehas aidombhiegt(heng acighoring available

il OB S SN AL, 5ol e 2L LI o the covir
. .exa b ' ' [ [ 1.2 . » :
e

alwaﬁlﬁﬂ.r&laﬁg Thfe s Lase PRI M3ikas thE akQiANeatllvadile befzero. Next,
t he nei ghboring pixels have al so been marked as
if therpiggliof imgresoisfgged noa hight dark current pixel, the signal value from this

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

image. The procesvs is repeated for each pixel in the actual image affected by dark current

and each hot pixel.
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nei ghbori ng pi xel signal values are not avail abl e,
then scaling is used. A scaling factor is cal cul ated
whyoodiovd4d ng an average dark dead pi xel signal PURUSE04/020012
for the gain and exposure conbi nati on that nost
cl osely matches the actual image having pixels to be
co rrpEmEaQ Ed T ithge datkted dadthei acalal singgrsl capaired ispdecrdmented
pi xel sought to be conpensated. The term. "nmost closely
at stepr@Bh had " mesdnperdermed alesep 9B to rdCFﬁSF’ém’gg]
exposur e.copbi nati ons, ;one of the I-nat i |
been GhBBBE T ANAF B rones ki turs HGREr AR ks W Rak? auals zero.
i i agR tHEPPo@a B0®Is ¥pslstede If
Hlnmg?%Egﬂﬁhgﬁgﬁgﬁ%ggﬁgFﬁgﬁgﬁgg’vaIue ?s cal cul ated for
imagef:l &snj @iﬁﬂﬂi(})ﬁ hﬁﬂnﬂ@hﬁdendeﬂﬂplpieﬂdbr bY actuhl inpiggs,ren itlee prackss
ead pi xel sought to be conpensat by the scalin
sequehiee resninsCo Mpeas ﬁ@lin@ﬁm’raélpn\ﬁﬁnig?e@ %Ve‘g%f ﬁﬁ% B acugl Eﬁ“gg‘? Bifken by
dead pi xel s and bad pixe‘s is simlarly acconplished.
aUusCh 0p38] At step 380, conpensation is performed on the
pi xel s identified fromthe dark current reference
| mag E?ownge AR RAE 18X BOS PIxR] EQAPEAsAOS i ftrbmPlistied as
cl osely tch that of the actual inage as bein
showaid BTGe8-dhywhikdr is adlowdntt efivh apahded }z)ijcwetfsstep:Bg@ of Fi@. 3-b

‘average dark current signal value is subtracted from..
and is prsfqrimedl fos Eehapizelaice drk spugnt Rk iqtaeel gdiring

i dentified.in the dark 0t pi.xel i
compeicbu Sechal Mo F ARG it G GEBLISTRLE copured
and stdied RS &36h APRAT indavhk| BB Suléntglitd] lb&tidardaes etktuldiare

average val ue for 1eakage | evel can be cal culated for
searclidiefoehé derkpiueeint pivehiocafibn slatastruseirs lavingot gan fand pxposure

comb%}a'mips”%%g;@?{ clorety il ahe JABE R BHREQE SpRcEisa. Once the
t he | eak | | : ) L ' .
BRI E S tra
selected giﬁi;’# c%&g)rﬁél PR SdaRd Mehctiife i§ e8dEEb deveinbie which pixels

iimage gompensation has

wei ght fact For exanple, the conpensated dark
must bercoaipensitgdabachaive thst mest bocahpeatedds bicdask tegpassively in
dark current sjgnal value tinmes are averggggdar

the aguuRkiEEeslsaFiovd T Ui HEGB™S F S FIEX EPCTRIE K gkt

signal value, .If .n f [ ' .
ot ST BB DY LT A LAY S I e
that if HAfk&MrreR X84 HoP palel edmpPahatish idhdtceba@patieiniéd by smoothing,
encoded initial conditions for the canmera such as
then dark current and hot pixel compensation will be performed by scaling. The criteria
for selection of smoothing versus scaling is performed by the camera as described above

with respect to dark dead pixel compensation.

[0041] Optionally, prior to dark current and hot pixel compensation by
either smoothing or scaling, certain signal offset values may be calculated and subtracted
from the actual 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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exposure, aperture, gain, etc. The conpensated pixe
signal value is then witten back to non-volatile

woreess/y446£pl aci ng the origi nal signal val ue foPCT/H81004/020012
pi xel in the actual imge. The process is repeated for
each pixel in the actual imge affected by dark

givenCdHaF RBdristid Gn e@Cicchdlimdky ahd (RO fohehd gimgre chatnttastic in the
for the actual images captured is decremented at step

dark 3@Beranudfeacniaegmages. %éwa@gn‘aé affsat velugfosdir giyer eharppkerigic is then
i f i nage conpensation. has been campleted fqr. all . .

subtragted HOT FAGELSS) LBS EYeY SRRBCHRPUE b el infige oFbis operation

s poAE G 4 o TR SOTRRRbdIgS, beparsom ke e

depeS@RP ISl riiinba@soNthhrabeeidticsofop metiet tHeoe isaddta actheadark current
i mages, then the process sequence returns to inmage,
refergunpeages: Fon csample ep 5875 chaactepistiqay becrepegsentgggein FIG. 3-¢

o B LS B8, L TR A Pl B v
rcpreg}lt%i] 8;% ﬁ]s?%égiﬁ-gc Rk sigtal BffscR ¥ RRBEEH e @%@éhﬁ&&&iﬁﬁgs

isp ormed for each pixel affecte
calcubYedIBy kulsiidti@gtthardlueathFIG1 34ifkah thegalues mgFIG. 3-f. This
conpensation. Additional information including gain .
differanct eapidsorte subraetediftors she a¢taal imagediespredurther prepssing. The

actyal .imge. The dark curr i xel t t
sbové ppiignahle PeCasiE ey T Sene el P oo er
| ocation data structure having a gain and exposure

conb gp@%?gg eb‘ﬂﬁé P&t HdARR PlxdTRbATRAsMR is PbrfbABed by first

actu at step 380-a. Once the nost appropriate

subtrdétitke SilbveRde dpib(xledark cagtnosigndivalustiremtthe signsl Yahoadfadhe pixel
and retrieved, the selected dark current_ pixel . )
affecteddut dask coerent anste 880« ang thepgmosthiagaisingwyailpble peighboring

. i xel s .must be .conpensat ed. Eac i xel, (1t hat, must b
pixclf i P EORGRL IPECKeROE Ay e M REs ST seep 380-
d. ME&B&%M af! Sich Jsolk HRER P Yndl DOt SAREESMPEnALBAMA] Be!
asis 1'f dark current and hot pixel conpensation i's to
perfoi@ctiageschiyng dowh hha gigasl walhepofahe-pixeld ffacsedalsys dadkd-utfrat by a
_if dark current and hot pixel conpensation is not to
weighefagir fsuelratidesgribeh abpien d hetoparpedsatrd dary @err&ﬁhgqaﬁvalue is

...pi xel, conpensation will be performned | ] he;.
wrieey Beh F L Po0d ey b P e B g o s ERsMFread Finatly. o
test iPBEIFOFREH 20K b BEO LR Ge ARind 8584k REEeAPANE hot pixel compensation
is 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
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with respect to dark dead pixel conpensation. [0041]
Optionally, prior to dark current and hot pi xel
w@ormsenEet i on by either snoot hing or scaling, PEF/US1004/020012
signal offset values may be cal cul ated and subtracted
fromthe actual inmage. For exanple, for a given row or
colun&® ldtafos &Y gatihic ®petibnahighs bdr ai n-i nduced barrier
| owering (DI BL) and/or gate-induced drain | eakage

( ) .($YGdata na e ,avai,hapl efrom t he dark L
VF At iem(‘pﬁig zéix -bﬂGs/H gnaithest theegradignt geqtgy points in
t\He,gi /@haracteristic is calcul ated by taking the
di fference between the value for thegiven

the dirbaicacobmasiniwniratetdfehanguef 2 funsgenaidosalendaya fokaplacian
" the given characteristic in the dark current reference

i mages. .The,si gadlf obf et ,val. - i :
PR AT ST ¢t Harscubt DAk SUFe S ERR B Gpple, cubic or

the given characteri g?yi c in the actual inmage. This

eratign. i 0 or_. : 7 :

o FRETo LA HElal SRR, LElpi R PAVRDREEL WA, Bl BB
betwédiecRyiges, of characteristics for which there is data

in the dark current reference i nages. For exanple, a

gi ven characteristic may be represented as in FIG 3-¢

for {PB44¢f eDefectve pixgecompensheomaaydie parfayacd;ipjagy order. The

ordcr%c?q@riﬁ%@ﬁ%%tggg}cf %}%c?vgtlrénfnggéqigg—d; gﬁﬁ&ig r;]ltgff(g%cﬁl%rtl o afll g{‘panded view
o fSEFH P2 i AL ML B PR g gl e

imag€dh{85 BREEVERR stéiEB7ha. Aubik deidgixtl lotadidie damtsuakture having a
I mge before further processing. The above optional .

. gain sdpxpusutadcaoubimation tthat mosrleely: matches gt asteal dmage being
380-b. .[0042]. Dark current a ot pixel. c ensation .

compeaSE PO L] FEtsed AbFAY PG i AVLFSEERTE Vhich pixcls
dar ur. [ V. i be

we A R PSR DS Bhnglq A eyt

compeiBRtdidId et tespryaidiahl ereicaibanigg Iirkelead ppixel compensation is
cal cul ate a new signal value for the pixels affected

perfopmedat ktepld7ben by seals vasthe signahvelae pfepcie gk dead pegh by a
. 380-e dark current and. hot_.pi xel, conpensatj on be ...
weighioRrGF eanyBERERG oL PR el GGl GAReIGRo gt CEndiion.
i3 . . C . i f .

e BLEAY B CELER Rt ST R B Sl [RGB i
unde$ igNab light bendisiowrtyt theBighalwalad oftheniadBdeid pixet tvebe

non-vol atile nenory of the storage system Finally, a
compensated.

[0045] The white dead pixel location data structure having 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
located 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
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test is perfornmed at step 380-g to determne if dark

current and hot pixel conpensation is conplete (al
waelank/oess ent and hot pi xel s have been conpensBCEUS2000020012

the sel ected actual inmage. If dark current and hot

pi xel conpensation is not conplete, then processing

value Q)‘P'i‘lbhﬂ%ipﬁxéﬁ ustHen S88mnpl¢,084 38 Lonbginsaindition by the signal value
per formed using nultlple technlques I ncl udi ng a nunber

of thotvhiraideadrptictad bé aompesascsuch as hi gher order
pol ynom al functions, gradient operators, Laplacian

ope B i 20l P B hei 90 ochen GBI AR gl in ana
exposglggé;rgr rﬁttﬁﬁé Wt élo% H3gGeh Phe E&ﬁal 8 B3Rl &mpdfated is

er or pol ynom cal m ght be "axn +

selectdRnd a@é‘clsgezi at step 375Wheidkusd tb dedtndnamdidopistiantssaandtion
, X is the index reference related to a row arcol um
dead Ipumhstuhanmust e aetnpensatyse Bach srtustism desd pyxelthat must be

+( 2 where. t ent t
compgponifd Jedpsated SespeinaRr PR GREBI ke Homt v OB BRkhge
of | f,
compeB%arqlaotngl? %teffgﬂ'{l@% at %g@%b@% ﬁﬁséﬁlmgﬁpé%@l ne%%? IBf(; l:nacnay
saturf€on Hedd arw Lweiplip ifator toaatragedatuwmofiiorernd pm:tsl under, for
pol ynom aI s, which are piece-wi se polynom als wt

exampleg e gpirnrisnasely ddEnLwh glpﬁ eglition. 6@2F41VCI§EF Ectonde Calculated by

dividGieid HHE86F PBB VhHe bt S AP Eegmgles B 190 By tighe
cond%l%l M&aﬁ% G o?)ﬂg@&ﬂﬁﬁluﬁh%aaf =l &P b3 ?:5 enEaltgé{.

1S ar rary an not be construed as

limting. Actual inage data is retrieved at step

375- §0047qar K dgdxqila@itionakat souctdedt ia selectad tansep 375-1 from

having a gain and exposure conblnatlon t hat npst
among geaplyrriitchbkad pisclklorarion flia gerupeireibasedpeisaewssr mgtch to the

I

expoggrf: ggaqeg%g wﬁrrhgcﬁ%es §%§ga ! A Eig ern?)’17r15e1t1*c3>n‘rjlls!1 r%alc'ig’ %9 stcB 375-g as to
which pixels are bad based on the selected bad pixel location data structure. Bad pixel
compensation is accomplished at step 375-h by adjusting the signal value of each pixel
respectively in the actual image that is bad by scaling the signal value to correspond
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, ¢.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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are dark dead pixels that nust be conpensated. Each
dark dead pixel that nust be conpensated is |ocated
wo e@poetssvel y in the actual image. Dark dead pP&EIUS2004/020012

conpensation is performed at step 375 -c by scaling

down the signal value of each dark dead pixel by a

el 911*00493]“ o't wﬁﬁaﬁﬁr(ﬁﬂﬁbﬁgﬁeai sgstain 9G0 et afclndosmaCMOS

pi xel s urider the no light condition. The weight facto
imager dleciat actcatieg tb)tgd pvesﬁnmingcxrtgorﬁv%d@ggbgq g V&Eu%r%?

nor mal_pi xel s under the no light conditi.on t.he. .
enerahGRATICHd-ub FEPHE sk AP BIPLETS 25 OB g et
. . O 45 he i t . ] t . 1 CSCfide
circui el Gt SATES Sl Slet Rt AR AR ek ured

ith PSRl aatishasihirbgagdual i nage bei ng conpensated is
with sglecfed é%d accggied at step 375-b and used to

determ ne which pixels are white dead pixels that nust
be cpOPEOatleprocEsoh syshim esughad AsoORIUEhEStCHLdPr FRmpie

gencrF DT S A I ECOTE e okt et B Rles yich an
opui B4ERG 7D BESE A et fofs ofoumt bniesanaberalogisl

commH8aks WithYBe ofsteifoval bty 562 SThinetanputen syseora@fiOerlsct imeludes
approxi mately 28 Lux |ight condition. The wei ght )
randohaatess insmeay CRAM K Byand, il dierigse pba sQBPHEE system may include

. signal val ue of ngrmal .pixel s under, for ex I t -
perip el e igeF G SonarRRoNTh gt g SR GA i 2R (B ROM drive
Lt e dead, Rk } et blO880] sd@are could b
956 f%?ggf%%nggéﬁ&gﬁﬁg?éFggg?%gﬁédata structure ﬁgéfng.ac
storedBhn AS}ShyeKisloavEo $p oD atCDAROMdrive 95 6dboseicytion on image
mat ches 'the actual inage being conpensated is sel ected

proceasutt lddcasCBY /progassqy -b and used to determ ne which
pi xel s are saturation dead pixels that nust be

co n d. ch saturation dead .pi xel, th ;
conpEN0a Sq TShSYeSRalr PeofRaRot P\ hl Uik B8 becn
TG SR AL | | QR irfveRAbA OATBEbad
descf, S AR oo ERTRTLORH O Leoh poncer
appliGBLIHy ahH QRaydieadsed i @y hiia gingeipphtatia diteraboge dnsaipgoagead
val ue of normal pixels under, for exanple,, th? , .
drawimgp il pieferiedCernbadimegis o direscsh INVEREORelfinot intended

factor is cal.culated by djvi.gi t he av Si L at
thae ok Smgntan bprrars! bt urgne SR B 3heigeation
of tht IpQ:gEnt invention that comes within the spirit and scope of the following claims

should be considered part of the present invention.
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condition by the signal value of the saturation dead

pi xel to be conpensated. [0047] A bad pixel |ocation
waolaaoa/ost4suct ure is selected at step 375-ffrom BODO§200HE20012

plurality of bad pixel |ocation data structures based

on a closest match to the exposure and gain of the

actual image. A determnation is nade at step 375-g as

to which pixels are bad based on the sel ected bad

pi xel | ocation data structure. Bad pixel conpensation

is acconplished at step éﬁéﬁﬂﬂ§y adj usting the signa

val ue of each pixel respectively in the actual inmge

t hat .S bad b cal i -S|

| el e hE T B AR e Riticd By TRLERSPRBR of the
Unitd®P$8ck@:0rs of a bad pixel may be defective. For

exanple, if the pixel of interest is a 'red pixel, a

formula is used that weighs nore on red fromthe

nei dhbdyi imgpgei pretessing. apparaBgganephisieg:ghbor i ng red

pi xel s and 25% each from nei ghboring blue or green

\F/Jvlef(agslﬁgf alghfgysttgv\% f‘ég%lg)gs : s %}acg Fg}rgsg)&ngg{g?éog%g Iéa:ﬁ'éc) E)%E: actual image
and sg«gﬁ{?éaaetg ﬁgﬁqﬁ %dﬂ'lg(?c% ﬁtolteaslt LBIoFSE 1dast SRS &ﬁk'c‘é?reh’f‘réf&ﬁ?cc

reen, en a fornula is used that weig

imagd Q84 anlcbitume White eofeigheeimaprecapaited byrageixel[B648indrhe
exenpl ary image signal processing nethods descri bed
above may be inplenented in software, hardware, .
f 1 TP ORBPIRIEAER BHA SRR TErcTh iRt i Gt data

. Cs field programmabl e gate arrays (FPGAs) or any
u“ng€§§L$ﬁ§??6ﬁ§Lof the above or their equival ent.[0049] A

typi cal processor based system 900 that includes a

CMG, | npf&ei&néé%\ﬁ@@esﬁﬁg‘i??hr'ﬁﬁlsta@céﬂaﬁlg)f@slﬁﬂﬁ 1i, e rdih e4id

as described above is illustrated generally in FIG 4

storage #yspmo seseogaibasnditions nedekposuxe tipleangsogtated wirbisaigh first data
having digital circuits that could include,CMOS i mage
and gy FRRIOBS WHLCHRASHTY Smst 1ajrttocspRd eiae i SE0SRd, Peroms

said cé)%feé%n&)e% %ﬁmg 'sgaseéor{c{]{iéécggl%/vg?%e}nﬁ Qggg]a%c@ a%llq gﬁ& eosure time

S S da comnmpu

that @ONEH18dely nfafiFRS !t1§ee$aiﬁ 288kp8dur® HAEeSSbAged Rith (G st data.
944 that” communi cates with an input/output (1/0
devi ce 946 over a bus 952. The CMOS i mager 910 al so .
3. The image processing apparatus according to claim 2, wherein said

processor performs dark current and defective pixel compensation on said first data.

4. The image processing apparatus according to claim 2, wherein said pixel
array captures a plurality of dark current reference images under a plurality of gain and
exposure conditions, and said respective second data corresponding to said plurality of
captured dark current reference images is stored along with associated gain and exposure

condition information for each dark current reference image in said storage system.

5. The image processing apparatus according to claim 2, wherein said pixel
array captures a plurality of white reference images under a plurality of gain and

exposure conditions, and said respective second data corresponding to said plurality of
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communi cates with the system over bus 952. The
conputer system 900 al so i ncludes random access nenory
W@ RaMpoR48, and, in the case of a conputer SysSPENUREY4/020012

i ncl ude peripheral devices such as a floppy disk drive

954 and a conpact disk (CD) ROM drive 956 which also
whiteCrefaremdeciatagesuststor€lih Sdd stmrege $iivenb beg@be, wishhgsagiaecd gain and

coul d be stored on a floppy disk drive 954 or an a
exposgre REMFBREQR 956 for execution on i mge processor 140

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

t hat, al-tho ' [ [ Lt Raid pi

Spodt {1t e g Gds P e 5o RERE LRGN S Sihchtihaid pix
array iNBE dapRurbaisaid pRatery ImtitciRdrbndeyinigds tAgedreplusaly ofilight

any imagi ng apparatus. The above description and )
conditicamsiang saidl espettive secpné dera enfresppadingeatsaidgpluraliey of white

present invention, It js notf intended,that the.present
referdiisg amabon B8O T Bob b HEh AP RS raR bR s o

Any nodi fication of the present invention that cones

W thin 1] factoelid ' | aid

shotl d Be mRkiaibeaRfs3ppREHR et Bl LS ARG, GhRtdrR
pluralifjveflighe rolikiods cofipiist 8 nol lighnedndiiongw fastdighe sionditionoand a

be protected by Letters Patent of the United States
secoridslightt. conditiombaving o begher A gxappre then saiddhpr ightrgndion.

storage systemfor storing first data corresponding to

cor oottty o re | SREEa RS FRERR A Formpring:

current reference inmage and at | east one white

ref @a'bﬁﬂ‘&?g,idgﬁ@]ea piRBl 4 iy datpdoredspendiag;todmd of at least one
processor coupled to said storage system for

dark conpens&ireng iswigd ahias leastore whitagefswinde vaghid dat a.
2. The i mge processing apparatus according to claim

1, wh [ id st t t. i djiti
L fhere, s sLoroge SypLem starcs S0 Sand Lo,
curreg%“ Je&R0d Hﬁ%é’en&c?ﬁgd 5’51@9% Y &Hip@ngér@ﬁccsi% 3868t age system;
a{a, sal ocessor perrtrorns sal conpens I ONn usSl %g

said second data, having an associ ated gai n and
expapiiligng iutthg a pixel array, at least one actual image;

storing second data corresponding to said at least one actual image in said

storage system; and
compensating said second data using said reference data.

9. The method according to claim 8, wherein said act of compensating is

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;
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that nost closely matches the gain and exposure tine
associated with said first data. 3. The inmage

w@r@smeRIbNg apparatus according to claim2, WhPCEUS2004/020012
sai d processor perfornms dark current and defective
pi xel conpensation on said first data. 4 . The image
pr QoegEnbgiappid edcuad akeoidiing loatiohaiusing, saidhefeence data; and
said pixel array captures a plurality of dark current
reference images under a plurality of gain and
expyouns S@éﬁdﬁ%@@ﬁ%‘?dé%&@a‘%&a HEEPd 84138F §&€Bhd dat a

corresponding to said plurality of captured dark

currentreference | 11S: S0 I |
asdbei e Sy B R L SO RERA R on or
each dark current reference inmage in said storage
sy st @ehtifing Pikels AR defeptivCsisels ngingppial Rfdtenacdna;di ng to
claim 2, "'wherein said pixel array captures a plurality
of white reference inmages under a plurality of gain
and exppewreng sridiseqandsdataatpirel lgcteansasing @id é?g%fﬁace data;
data corresponding to said plurality ofwhite reference
and images is stored in said storage systemtogether with
associ ated gain and exposure information. 6. The image
pr oc dhtd B &h@bidrdye $bRALI N sai d
pixéﬁggg géagﬁﬁﬁﬁgém%gggﬁggs sai d pluraﬁ%t?@%f white
reference i nmages under a plurality of light conditions
and 2s aiTtherresthect iccerdieg omdlatha tSa fintherepapribing) t o sai d
plurality of white reference images is also stored

together with an associ ated | condition. /7. The ..
| g EApRERESLT RIS DE S et SERRGE (DA dingia Plirality of
. wheyr.ein ' I 1 f..Light [
sin S0 AL AgPEALY el RSAGLAL a0, SOMRE frchce s
and f8£ERMAInhisiRkt69Bdbdid phurhiteyiofgam ddbgostiexcomalitienst, demtifying
said first light condition. 8. A method for pixe
locatioospé dsikt durentpirelnwhishdequinpeemperpatienpnst i ng, usi ng
a pixel array, first data corresponding to one of at

| east one dark current f erence ;i e and at | east .
one PR FOPb Tt ceP PR TR F Firky S peiEregst Iages sad
respefd EFRUNAIAD rdfOrcRAe Ba@RBAThr SRR cbRBBlatidRCIAAK conditions
current reference 1mage and said at | east one white
and dxpbaire Migesi, rﬂi@eifyrm% oationagfhestyskdswhidptaguine gomgsensegion.
a pixel array, at l[east one actual inmage;

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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storing second data corresponding to said at |east one

actual image in said storage system and conpensating
wa@aid/osepnd data using said reference data. 9PCTNE2004/020012

met hod according to claim38, wherein said act of

conpensating is performed while a digital canera is in

an 150! ThetateodkRcortieg rethiod 1dcwhedimgid plokbiyedight

wherein said act of conpensating further conprises:

condit ]-t“ 3|5|1cblfﬂ%pifiﬁ@a pg)i@i@ capflisoned ﬁf@égﬁ Lighi eopditiogrand Atergnd Jight
condBignd RS EIEL LUEC S ABre FRARET g Gah gy | M

reference data; and storing said conpensated second

datig i ArRahARIdIReRIISY 8 eRim 15, fikbieeritetigeaendhng dark
toclaim8, further conprising: identifying pixels as
dead pefebedfireacpixe] sudifirrgcls ghid qoetlitenael eepagure time combination,

. conpensating said second data at pixel |ocations usin
identising Iperiona né datkuisad TS StBEh ABE PRIt od

second data in said storage system 12. The net hod

ac di t 0..cl ai . 0 I Si g i i

o1 dval 105 B tlething i HhER 5 RS Clpri) Wb @ whice
dead P! Al cOfatdahiy frndth bfinsconditi @ aas expostidrEmefmbination,

reating a respective dark current reference data and

identfpingdachions mifiwiate dmdgfixadgivhigh teqitetcprapengaiion.and

exposure con?itions, identifying |ocations of dark

current_pi xel s ich,requifre ensation; .and .

or i g PsHacORLiBEdP ST TR ARy SPORATRE Siiag
saturyior El&&?@xél%%%@n% A T ERIIBE LA N AR LK nGiHoh&Nd exposure time

referenc ata an or’ each gal n” conbi nati on of "gain
comsiansth li@asifing lexdrsiiof situpaion daeniikdlyivhihl reqaire ons

of hot pixels which require conpensation. 13. The
compmasdtozh.according to claim8, further conprising

capturing a plurality of white reference inmages under

2 pié” ahlmt Xle%‘;o@a?cicgmﬁﬁg%té A4 '%gltﬁé(tpgo%ﬁﬁsﬁé E'Feiﬁflgral 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.

21. The method according to claim 20, further comprising smoothing said
pixels affected by dark current using signal values from available neighboring pixels, said
pixels affected by dark current being identified using said selected dark current and hot
pixel reference data, said signal value of each pixel identified as affected by dark current

being retrieved from said second data.

22. 'The method according to claim 21, wherein said smoothing is

accomplished by averaging said signal values of said neighboring pixels.
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creating a respective defective pixel reference data,
and for each combination of gain conditions and
wezpssued tines, identifying |ocations of def eR€T/U82004/020012
pi xel s whi ch need conpensation. 14. The nethod
according to claim8, further conprising capturing
sabd. pMeahéthpdalcuiigts ehiet 20¢irtragompuistey scaling down the
- plurality of light conditions for creafing )
signalnedyreef 4 pisckaffestad edgiomrrepsfsaidapizes aéf@cé?d gﬁ dlaflygurrent being
) each of sajd plurality of |ight_ conditl 1o
deniigd e Pl el feeigrouerEbpr FRChISTPl% icaypeid signal value
RV e SOMRENSARL QR HyDdart REreRE BOHg266RNEd RGN Sid beiomd data.
Ofcm%%&§§ﬁgﬁe.n saﬁg&p u”ﬁ?i?& o% Iightgconditions -
conprise a no light condition, a first |light condition
aRcMa S[&ﬁqnd dtbodghtoiimgltd cloim Ry imhgrean kiidsedling dowmisue
than said first light condition. 16. The method
accoraplished ibygnulsipbiing said sisnpl yalwepy ap AT RS ﬂéggr"éﬁﬁ fog dark current

dar k d, pi xel f Ty .
and Hop il BB Gt B PR by ssnapy B SREQNERY by she signal
value! TR E%ﬁ_tefbed@'@éjﬁé’t@dpi xel s, which require

conpehsation. 17.” The nethod according to claim 15,
further conprising creating a white dead pixe
r eér efite mathwd @ndrding tedeim d4, frcerdionpisingeompensating for

o TR AT T AR S o
net no ' i: . isi . .
o S SPGB S BB g

dead B¥el BEERNBAUHRGONGEE OAd Aatk ésapgsivele ti me conbi nati on,
dentifying | ocations of saturation dead pixel, which

require conpensation. 19. The et hod according to i

¢l @6m 1Phe metiarbaccoudipg ite chin di/e ftithey cOmBRIEFIRS g@mpensating for
. reference data for each gajn gcondition and S

white, fepel 3T PH Q0% o g SR DT RG T SCe el P el
. . ; . , . _ )
Sl AL PR EE SRR O Rl R i o it
cond@ftdh ¥ing adid vaafddaudrpied refarwhch datapiodetatr shidrvelmoedchak pixels.

by sel ecting one of said plurality of gain and

exposur e conbi nati ons based_ on said gain and expos :
corddi. natheomethed agepeding to claim 18, furrhgr cornpriscljng < mpgrrls%tlng for

saturation dead pixels by scaling up the signal level of pixels identified as saturation dead
pixels to an average value for normal pixels under said second light condition using said

saturation dead pixel reference data to locate said saturation dead pixels.

28. The method according to claim 19, further comprising compensating for
bad pixels by selecting one of said bad pixel reference data based on selecting one of said
gain and exposure time combinations and scaling the signal level 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 number of defective colors for the

bad pixels.
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cl osely matches the gain and exposure conbi nati on of

sai d second data. 21. The nethod according to claim
wWQoshussher conpri sing snoot hi ng said pi xel s BET/E81004020012

by dark current using signal values from

avai | abl enei ghboring pi xels, said pixels affected by

dark. cw digithl dehdrg systanicbfipeingsi ng sai d sel ected dark

current and hot pixel reference data, said signa

val ue of each pixel identified as affected by dark

curandntagb ety et ri eved from sai d second data. 22. The

nmet hod according to claim2l1l, wherein said snoothing

i's acconplished r agl ' | ~ sibisating first

S R il B B A R R B U eRhing fr
data &rAlsPoR@ngtdahN@fualt afiRsd; shag scal i ng down the signal

val ue of a pixel affected by dark current, said pixels

affected by dark current being identified using said
selandtege gaotessur reupled telstiddark sarentandrdsiecdive Pl

sai d._signal value of. each pixel i.dentified as affect
compapHaRICUIh O BRIgE PO T FPoh il Peb ot Lk dark

24, T [ .aim 23, wherein said
curreftand ﬁ%@%ﬁé’fﬁﬁﬁéa%??%ﬂ%%%éaﬁ%ﬁ mul ti pl yi ng said

signal value by an average signal value for dark

curnentTirdighatcapiexe bt atdvedisg wotlach 3@ whemih said dark

exposur e conbi nation and dividing by the signal value
current andhdefpitred pixeloopepensthestuetiurthsT CORPINEY hod

according to claim 16, further .conprising conpensating

for dark dead pixels by scaling down the signal |evel

o@tﬁﬁﬁﬁQFP%%ﬁgPﬁied as dark dead pixels to an average

signal level for normal pixels under the no |ight

conslist hgp using said dark dead pixel reference data to

| ocat & sai d dark dead pixels. 26. The nethod according

to claim17, further conprising compensating for white .

destopix eysserby carmedfo sidht legstumearracessey vin gaid dws, fosstoring

ignal level of pixels identified as whjte, dead pj xels

frst a2 SOFTePEPAU PlLATIBF" RBF RETIAE IR S8Pd Rl ¢

l.i aht. [Li S ' [ ' f
corrc%%(ggﬁ?% 9(? At 1000l St [E\%Etg(%ed%aég éh?r_cgl.e?é% : Rheimd &f #IBAGLat least

ocate said ite pi xel's. 27. The net hod

one WgiEOFdérRbcd Pndpeadaptil8d bywhidHefage eemporsi ng conpensati ng
for saturation dead pixels by scaling up the signa
| evel of pixels identified as saturation_de

d ,
32. The digital camera system according to claim 31, vvlalercin 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.
33. A computer system comprising:
a first processor;

a memory device coupled to said processor via a bus;
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pi xel s to an average value for normal pixels under
said second light condition using said saturation dead
w@Roosloo44ef er ence data to | ocate said saturati oPCTHESZN04/020012
pi xel s. 28. The nethod according to claim19, further
conpri sing conpensating for bad pixels by selecting
one Massahdlidpad,/ Pivpat dedterseilce leat anbaged/ontput device coupled
sel ecting one of said gain and exposure t] . ) )
to said pmbiasstrivimsidperipleeshl bit, she inpugn autn%\ﬁéwlcgﬁcm&%} ynaging
.identified as bad pixels to correspond linearly with
devicgai d exposure tinme sel ected. 29. The method according
to claim 28, further conprising col or conpensating bad
pi fﬁﬁﬁ%ﬁg - A cbasedineh a nunber of defective
COF%{S r %gm%ggﬂg#xelg®éo.%A di gital canera system
conprising: an inage sensor; a dark current and
def ect aweorpizx efstann hpesterng disstclatceirrespondipgripetdeast e actual
first data correspon

| t tual i : d
imas W tecpmd g bR e et TR tence
_ def oct | 7 el. \ . % £ ar. .
imag§ § & fef g e RIRERRA AR b by aYix I AU 0

current and defective pixel conpensation circuit. 31.

The di gi lcabt G@RE8nd psé@Bo2COApRHNG shid stoagmsBicm for
wherein said dark current and defective pixe

compensgmgsatd data cprresiianding theaid sompimags: at | east one
processor; a bus; and a storage system coupled to
sakgtat | east one processor via sai.d bus, for storing
fi

Mt EES RS HORE WYL S P i Feast one act ual

i mmge and said second data correspondi ng to one of

sai Rl i d8Rtok8d td AEERt A actual i
sai%Stg%aéeggsg%mg%gsv\hi ?e refer egce p?fnnggggecapt ured b e st

and dded correspoadsensar lea3Pond Herckdiugidnalrefermee émsgs trdmt least one
according to claim 31, wherein s%{d storage system
whitef igfarpiege iEmgscpRBIEd by a pixel array; an
a processor coupled to said storage system for compensating said first data

using said second data.
35. An image processing apparatus comprising;:

a storage system for storing first data corresponding to at least one actual image
and second data corresponding to at least one dark current reference image and at least

one white reference image captured by a pixel array; and

a processor coupled to said storage system for compensating said first data
using said second data, wherein said storage system stores gain conditions and exposure
times associated with said first data, said storage system further stores gain conditions
and exposure times associated with said second data, and said storage system processor

further stores light condition information for said second data.
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a nmenory device coupled to said at | east one processor

via said bus; and at |east one non-volatile nenory
waleasoeeoupl ed to said at | east one processorPT/ESHaA4/020012

bus. 33. A conputer systemconprising: a first

processor; a nmenory device coupled to said processor

Vi 362 BUSigahl da@@st spheamicopiptisaigt put device, said at

| east one i nput/output device coupled to said

processor via said peripheral bus, said input/output

dewanogmageiseigfosn i magi ng devi ce; said i magi ng device

further conprising: a storage systemfor storing first

e o A

east on

data &ﬂ%crsﬁgﬁdjhgfts LANeRl s and at | east one white
reference i mage captured by a pixel array; and at

| east one second processor coupled to said storage
sy sindimagorproanpensaupled te siid dad eursentraadtsientvg Pl
sai d actual |mge. 34. | mage processing apparat us.
COMPEBABIONSIITFYiL éag?éféﬁa&g—@g §$@tééﬁﬁ ‘%’6? ?@be‘arlﬁi ém?%"r gﬁ%s%éoasm dark
corr ndi n 0 .actual inmge and data
C“ffc%’f’"}@g%ﬁ ‘?Cn%x élocoa P 4‘13%2‘%‘1 %ﬁ%lgar k current reference
i mage and at | east one white reference i nage captured
by 37. piRe) digltilessimean siyseerp hocedingy toodaipl 86, whersa shid dark
storage system for conpensating said first data using
curresaiud defcotick piaelecongmnsatipn eiseat BrEcE S8MP§isehpar at us
conprising: a storage systemfor storing first data
corrﬁggonding to at | east one actual inmage and second
dat® 'e6F PBE PGP t o at | east one dark current
reference image and at | east one white reference inmage
capj yredpRy a pixel array; and a processor coupled to
sai d storage system for conpensating said first data

a storage system, coupled to said at least one processor via said bus, for storing
first data corresponding to said at least one actual image and second data corresponding

to said at least one dark current reference image, and said at least one white reference

image captured by said image sensor.
38. A computer system comprising:
a first processor;
a memory device coupled to said processor via a bus;

at least one input/output device, said at least one input/output device coupled

to said processor via said peripheral bus, said input/output device being an imaging

device;

said imaging device further comprising:
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usi ng said second data, wherein said storage system

stores gain conditions and exposure tines associ at ed
wowdok/osab4d first data, said storage system f urP¢EUS2004/020012

stores gain conditions and exposure tinmes associ at ed

with said second data, and said storage system

processQrstbrdgé gﬁtcrﬁtf@f a6rihg Gidt daencbri¢spondingotormti¢éasnone
for said second data.36. A digital canera system

actualdomge iasidsgeorahditaggerespomsiing taonaPkatcigastome daggcurrent
defective pixel co nsatjon ci.rcuit for en '

refercpis gragsaAns &F 46 OB MOt le g Bueh st heb Y LR A and
i mage processor coupled to said dark current and

def ecti ve fdix&he SRORE ?g(?%:bé?ﬁ BlpkHith shidl stbREwayiémdor

said first data from I mage sensor to said dark
compétiatiptsaidrdhtal ebeedponeing soedaicamparsageon circuit. 37.
The digital canera system according to claim 36,
wherein said dark current and defective pixel, o
cofPendedatksusicpeand de F?Y?e?m@d@ﬁ?ﬁeé’é%tiorgf“ FELSmBYnS:
processor; a bus; and a storage system coupled to

said,at | ea Jprocessor via said bus, for storing
fi raglleat?%eé%rcrgggfiondi ng to said at | east one actual

i mage and second data corresponding to said at | east

ong Blaf kngurrent reference image, and said at |east

one white reference i mage captured by said i nmage

sensor. 38. A conmputer systemconprising: a first :

DI GCSKIGE SYSECTe ARl &Y @ At lsat Qi RIGCSIPTVID ﬁ@éi&’é gfor storing

via a bus; .at |eas ne_ i nput/out put V| j :
s g i Tt S0P SRS it AR B8 bosponding
to saigra‘e f&%@{e iR SRt PEEIRREIRAg MR safPhClchdt Rt/ vhitdtéference
evi ce being an 1 magi ng device; said inmaging device
imagé edpthexd wosmdt irmigegseasat or age system for storing first

data corresponding to at | east one

40. 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.

41. The integrated circuit according to claim 40, wherein said dark current

and defective pixel compensation circuit further comprises:
at least one processor;
a bus; and

a storage system, coupled to said at least one processor via said bus, for storing

first data corresponding to said at least one actual image and second data corresponding
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actual imge and second data corresponding to one of
at |l east one dark current reference i nage and at | east
wor@smnHibe reference i mage captured by a pi xel PEr/U83004/020012

and at | east one second processor coupled to said
storage system for conpensating said data

to s2i8 QF [BSRONAIE chierestide@atdimhagenmglesai 3k ledst dae kwitte rearence
and defective pixel conpensation circuit conprising:

imagatapteastbyonil pragsessssnr; a bus; and a storage system
coupled to said at | east one processor via said bus,
for storing first data corresponding to said at | east
one actual inmge and second data corresponding to said
at | east one dark current reference i mage and said at
| east one white reference i mage captured by said image
sensor. 40. An integrated circuit conprising: a dark
current and defective pixel conpensation circuit for
conpensating first data corresponding to an actua
i mage; and an inmage processor coupled to said dark
current and defective pixel conpensation circuit for
forwarding said first data fromsaid i mage sensor to
said dark current and defective pixel conpensation
circuit. 41. The integrated circuit according to claim
40, wherein said dark current and defective pixe
conmpensation circuit further conprises: at |east one
processor; a bus; and a storage system coupled to
said at | east one processor via said bus, for storing
first data corresponding to said at |east one actua
i mmge and second data correspondingto said at |east
one dark current reference i mage and said at | east one
white reference i nmage captured by said i mage sensor.
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