; e3ez| wD46( T| RZ9ND 001 51341 PCT/ US00/ 2968 HI - SPEED DETERM NI STI C APPROACH
| N DETECTI NG DEFECTI VE PI XELS W THI N AN | MAGE SENSOR BACKGROUND OF THE
INVENTION 1. Field of the Invention The invention relates generally to

i magi ng. Mg gRegifically, the invention relates to det eGidmissoblehecTi ve
pi xel s in an 1 mge sensor. 2. Description of the Related Art | naging

devi ces such as digital caneras and scanners may have as one conponent, an
i mge sensor which is manufactured as a CCD(Charge Coupled Device), CID

(Charge | njection De¥FTYPERR DEPEBMINERT EGeMt BRQAGR (TN DETEGEINGnI conduct or)

device. The image sensegrkeT¢PRPPHAL.LWiAHIN ARY IRAGE SEENSOR OF Pi xel
| ocati ons which captures energy froma illumnant converting this energy

into a concrete neasure such as an intensity value. In nost cas i i
sensors will have a certain nughekcRbuRbX6F +fif abnvaiierIdR Ch ar eT|ﬁ|Mhlmmmmﬂm
due to fabrication or manufactartng errors. tt 15 extremnely diff )

not inpossible, to guarantee during such fabrication/ manufacturing tepeeo*
none of the pi xe\INE.i n ?E@léeWQIheV"iﬂaLreR‘iigEf ective. A "defective" pixel of

a sensor is one ich |l um nant will produce a

di fferent intensi Thevahuenvion esgiertes thaarthdy of Bmddind.y Memeti onal "

pi xel when e . at i1l unm nant. t her r.ds, the defective

pi xel is abné‘gg%%l%lqiggé%gl t?@%ﬁﬁ’seéﬁsl? i %gﬁ?gé?i g%t&f%%c\%le{l% l?lelt%fcfd”ﬁ‘ﬁ%ti onal

pi xel . Such defwedstsinfanoimakes ectredrand t hen conpensated for, nmay cause the
captured image to be of less visually 1 WO 00151341 PCT/ US00/ 02968
perceived quality and if prom nent can detract the attention of the viewer
towar ds t he def ecRi.ve PesetipliorDeifethe Relpteé|Atrbcati ons can be split

into three categories-Stuck H gh, Stuck Low.and Abnor mal spanse. A Stuck
Hi gh defective pi %ggaﬁggo%%vﬁelgschsuathmﬁfshrl %p%gd%a'?%rafsheanllglegsﬁfainﬁﬁréondi tion
by produci ng reyhihglrei ateose t yjoadnest ,Fan imsgansenseof wHieh dtsensity of

pi xel s ranges fram 0 to.a_hi 5, a Stuck H gh pixel ul d. al ways
Peapond to T MSIAG CHEBR 2ovaI i ochargP PRUPRTeotuBdSC, Al EndedRl
measur ed i nt englietey ibar Déhate) ceatdMos dfombeeseeter wawd tch Ib@xAe f or exanpl e,
if captured bsymacf %@Ct Log I gi xcel ) ﬁ; Stuck Low defective ierd ig one whi ch
al ways responds 10 fhe |8h‘?|‘f]lg Tondifi 6RBy pFatULi Hy WESWE nPEngPt y

val ue. A Stuckdagwoi Xeknsay segpiored Wokhtaoual vieidi dappvaest kavghya

functi onal pig(relm V\Dl_{llqm%glgw t he é nt ensi tvé gal ue o be 200 .1(%0 etc. A pixel
with an Abnoral™ RedpoHEa" 3Rt e}t 1l 98 VabSol bt B HUt H&her 8 Pel ati ve
vari ance frommadrenet mepahrei xeth #=0rn nataneetguehilve pi Xel mostl d

i naccurately respond bﬁ.a parti cul ar, eﬁ‘cent age, such that, fgr i,ns&ance,
were a funct i GHAS pirREP RBUP 1 "4 WalPagex2 thEC AN RS RO B
defective pi Xelcamwhd wesponsrav tdefecrdkaee dudStX fdihe Ayiemmalk Response i s

t hus proportional_or relative to t i.ntensit ei ng_captured, rather than
b abool ot e, HIGIGE Gk S PP YEPE exhtoiie ROCARY=DT ChECE T fsed Tof Otiet cot &
shoul d, desi rialossibee¢otbegh@rthiieL Apengasadnf or .

fabrication/manufacturing that none of the pixels in the
sensor will be defective. A “defective” pixel of a sensor
is one which when exposed to an illuminant will produce a
different intensity value or response than that of a “fully
functional” pixel when exposed to that same illuminant. In
other words, the defective pixel is abnormally
sensitive/insensitive to light than a fully functional
pixel. Such defects if not detected and then compensated

for, may cause the captured image to be of less visually
1

uuuuuu

A

*180150%




The first step in any such conpensation is the detection of which pixels
are in fact "defective". Conventionally, such detection is performed by
identifying the defective pixel locations in a controlled environnment, such

as during q | ontrol for the sensor as a whole, after of IS
fabricat ed. %@Bs?{%onti fied |l ocations 2 WO 00/ 51341 PCT/ lﬁ%g'f%@g% are
recorded and then transferred to sone non-volatile nenory on the device in

whi ch the sensor is used such as on a digital canera. In nodern
"mega- pi xel " pemgeiwehsoed itphané ihHeotaxtialensi zenoflethackserdsors have on the

order of 1000 1,000, pi-Xx , pl xel s b fective. The .extra
menory needed® %ens ore Otfhghge}%c‘?l {/eégé’leaxre Sml%éga Fgﬁggé\(ﬁ%spjt%e]tﬁsé ‘t ot al
cost/time-to- mnufizdaste ah pheetelocset iant alsobregpliesimicd uddredat a

transfer during_ the process,of.assenbli.ng/inteqgrating t sensor_into the
devi ce. The d%%é%?cflifeesﬁi%ggf:kl gi&%{%i o%'gucr%{ugtowbgngegépggﬂ?ge%‘?sdjroé}fepri rto
devi ce assenbsyucintinigh HieXedtireaopixsucls aseawhard diskys Guespdrae def ective
| ocations are, stored, .signal ocessing techni ques,post | nmage capture may
be used to COF?%C{J'% é‘n&ef:%flﬂ‘/éorbi%éél%Od%c&ﬁﬁeaagb&?rja?g/e yof"%ééﬂ?r ection
i mge def ect sromnhirndtdnae,alisotheemteénditzedf pixtdsnoinges etdordef €et bve

pi xel s, but treat t nkno defects as noise_and_apply an i e- by-i mage
noi se removal Mt h‘?#?t%’t 8 glﬁ'écgn TP Rigif o?"OB&?{pﬁB‘W%')ﬁaﬁ"eﬁporﬁi%loe avoi di ng
menory cost andgiieidy twidnstetratlugi af), assenblsyansdch2sechawepes havaat he

di sadvant age of bei ng conputatiognally expensive tqg inplenent and of
potentially r’éﬂ%‘i"?&j’gtlﬁ‘éggﬁéf:ﬁn 2% o2t P SATage, Oglan% 7SeRE KPP PG sual
appear ance. Fps, thesex-a@sensiftbgpeuisd dyneeduhetiandethpeet o detect and
conpensate for defective pixel |ocatjons wthout addi ngsto the tinme/cost of

manuf act ure ofFYRE HRBVIEECGRYVHI ROt Sh&hS MERARD RHEYES qtRTRMPSoaddi ng
to the conput ahé O JHEGWIgr €BRAL 81 8MINbN o riJMPE nRr aCes&i Ngt OMs 1the wWdaviece in
whi ch the sensor is to be enpl oyed. SU RY What is disclosed is a nethod
i ncl udi ng dowdl DAY &gGentdY of ©F Fiom YALPFage 3RSt FRaHERt hen
marking 3 WO S &LIAR1IPETAED 006029 6hddn theMaptanpi ¥l v Deaticomeof t he

sensor def ect%@ if a Defective Vﬁ;tie'ég:ore xceeds a first threshold, the
score tallied?80erl 1 £5€apt tr BE*F ety BRABECERIERNPTPORF OFFSHYE “DRAW NGS

no absolute, but rather a relative variance from a
functional pixel. For instance such a pixel would
inaccurately respond by a particular percentage, such that,
for instance, were a functional pixel would read a value X,
the Abnormal Response defective pixel would respond with a
value 1.25*X. The Abnormal Response is thus proportional
or relative to the intensity being captured, rather than an
absolute high or low. Pixels exhibiting any of these types
of defects should, desirably, be corrected or compensated
for.

The first step in any such compensation is the
detection of which pixels are in fact “defective”.
Conventionally, such detection is performed by identifying
the defective pixel locations in a controlled environment,
such as during quality control for the sensor as a whole,

after the sensor is fabricated. The identified locations
2



The objects, features and advantages of the nethod and apparatus for the
present invention will be apparent fromthe follow ng description in which:
Figure 1 is a flow diagram of an enbodi nent of the invention. Figure 2 is a

fl owchart : odi ment of the invention. Figure 3 sh -
determ ni ng&ggg/glﬁg D (M ni mum Nei ghbori ng Di stance) acco?gﬁﬁ}gmﬁ%%asn

enbodi nent of the invention. Figure 4 is a block diagram of an inage
processi ng apparatus according to an enbodi mrent of the invention. Figure 5
I S a system diragranpofledrenceriihedi reansbtértae tovemea oron-DETAENED

DESCRI PTI ON OF THE | NVENTI Ref erri o.the figures, ex l.ary
omboa mont s BPTERE PRVERY |V Thr WRdphOph Ot gt 6% BXATRLANY5c o

enbodi ment s ar diptiosi deandmx i | [Instodbenaspegs spixfel‘heinamgeesenenrapd shoul d
not be construyed as, limti the scope of the innvention., The exenplary
enbodi ment s Xﬁsrﬁrgﬂﬁr{r‘}@aggsslczﬁ l‘i%d%\%et REPEPRF HAE (B &h&l?ralfeﬁgggrrs or

fl owcharts. A®obobiyheodd opberd,s maggcphikbdekmay tihe rad fextfiewchanés

represents both a nethod ste nd an a atys_el enent for, performng the
method st ep. SBEBENAFRG: Lpitedte HomslenBnt AT I OREST He & G édpaRERhaoAppar at us

el ement may bBed? toVWhO0¢t&SdaMIcost/time-to-manufacture of the device
and also requires actual data transfer during the process
of assembling/integrating the sensor into the device. The
defective pixel locations must be separately stored prior
to device assembly into a fixed memory such as a hard disk.
Once the defective locations are stored, signal processing
techniques post image capture may be used to correct the
defective pixels. A more arbitrary way of correction image
defects, which has also been utilized, is to not detect
defective pixels, but treat the unknown defects as noise
and apply an image-by-image noise removal technique to the
entire sensor output (image). While avoiding memory cost
and data transfer during assembly, such techniques have the
disadvantage of being computationally expensive to
implement and of potentially reducing the sharpness of the
image, which is a key to visual appearance.

For these reasons, there is a need for a method to
detect and compensate for defective pixel locations without
adding to the time/cost of manufacture of the device and
without sacrificing image quality or adding to the
computation requirements during image processing on the

device in which the sensor is to be employed.

SUMMARY
What is disclosed is a method including downloading a

sequence of images from an image sensor, and then marking
3



PCTI USO0/ 02968 configured in hardware, software, firmnvare or conbi nations
thereof. Figure 1 is a flow diagram of an enbodi nent of the invention. In

t he various enbodi nents of the invention, a determnistic software approach
to defective:pixel detection is disclosed. Wen an inage re devce
such as a d%éﬂoéfuﬁarrera is connected to host machine sucﬁ’%ﬁ""é&o@gﬁ
(Personal Conputer), this approach may be executed so that a hardware
on-device map of defective pixel |ocations need not be maintained. A
pre-defined mbemapf ai ppueli Iegesi ar o ff thet sesaonede tyecdive iifagi ng devi ce.
For each pixel,_a "Def ﬁc%i ve Vote" score i?.ta I{:gd ?tg @e;ﬁi ng _a condition
whi ch consi defE S HEEgNBER BB DIeXIE i RefF L hRber PEOHI Her AP0 Sr each
scanned i nmagetdln iwhi ekretrheltocsbtimsd iismagaski.sfied, the score is increased.
Wien the score is tallied for all the scanned i mages, the defective
decision is reached. If the pixel is found to be defective, it is witten
to a map stored on the host.BRIEF DESCRIPTION GPEHE ORAWMINGSall pi xel

| ocations in the imgi devi ce have been classified. The map of defective
pi xel |ocations i g8 BEgﬁcBﬁ't RAHYSRS aR égﬁaBEa%%%e%%etS’e\Aﬁ‘@ﬁhaﬂ fhage
captured by tddmRaisngodevhéeprands tioveatephanced, bd idgpaned tokrehher wi se
processed. Wth this framework in mnd, Figure 1 illustrates a logic flow
that can achi'gV® Pdrlerirgedpr KetPtdétiedti YA FR a deterninistic manner.

First, the canera migurgBgi g SeVi e HRRraNbAJakh hemSeNSRhtuRderrLexam nation
is connected to a host such as a PC. Then, a series of N inmages are
captured by tH&9Nd§& -capture device. The nore inages captured, the nore
likely that the deiiguFentstkCaappsaaht $racadr 8hBod MER oS tdaescribed in
nore detail below, the exposure tine 5 WO 0Q' 51341 PCT/ US00/ 02968 of the
camera or i matfi¥fJitdé@Pi-ce and the nature of lighting can be controlled to

increase the deteGligorer 8t €hots estETRI b rnfiahing St USK MW (MQanhiabpor mal
response) condition, the |onger the exposure tine of the sensor to capture

the light in YHIRPAFENGcBRELARFR) MFVIGIRE (ot ARt eFPRAIMENT CiftnghBi xel

val ues can be;detgrimnni stically eval uated for defectiveness. Likew se, the
Stuck Hi gh defect can be nore readily detected if the exposure tine is
decreased a cert aiftFBuft isFRrPBGESi@IreRechr RYhtBIIR IRFOSES8ENIt he easier
it is to deteglph ahudClkcbovd Ofg AN UTRINLLASRBAE Eo Hef Bt iivdritiew. se, the

di mer the scene, the easier it is to detect Stuck H gh defects. Initially
when t he approach Biguger St iaxacti M idiavsaRssfinue t feroHIENthepEhe|

| ocat i ons ar e; ppdeliawp or indetermnate (i.e., classified neither defective
nor functional). For each pixel, the determnistic approach illustrated in
nore detail in Figure 2 is repeated. According to one enbodi nent of the

i nvention, a nmeasurenent i|geRerigy EECRIPPEOR SAPIHE agrveRa@denby consi dering
t he m ni mum nei ghbori ng distance (NMNDJ of surroundi ng pi xer s _whet her the
nei ghbor hood i s cdffesedrgr ta1ahevhictesme egrRel ar vrethndineméseof nthe
particul ar col Qe i€ wistChoRSh&eth s Fi@Rl .Or TBLUSkef1 £ BaxBbaPathes N CFA
(Color Filter Array). Next, the MND is conpared to a threshold. For the

gi ven pixel , ¥R NN igedesenistanierte Pegecits eénphe ebhtedtaorheeghol d.
Based on thi SgQMRAMCIOBe BonSELEE] dsS 1iRER1hg! thedscdde td1e theor e exceeds
yet another threshold nunber, the pixel is marked defective. As each pixel
is thus cl assi#Vesdi@mmap Toe BueBRI3 MR agbeeimppEat f PPy ignagtidived onto the
host. This process fntiRdese¥btéhcdld Mroeks alBgtiifs | IR HRKG QE?n .
cl assified. Advantageously, the conpleted nmap of “defective pi xef ocations
may then be 6As 84D FlgwchprTs USHO70Iegk within the flowcharts

represents both a method step and an apparatus element for

performing the method step. Depending upon the

implementation, the corresponding apparatus element may be



accessed so that corrective nmeasures such as noi se reduction, defective

pi xel replacerent and ot her inage processi ng nechani sns may be undert aken.
This has an intended advantage of also elimnating the need for stori ng
defective pixflysiAgation data on the sensor device, camerg @ﬂﬁ] fhhThe
need for determ ni ng it during manufacture. Alternatively, rather
capturing all i mages before processing begins, it my be possible to
process each image as it is captured such that these i mges need not be
stored and dmﬂfdadedd Fn guamdviaries soffitpachar fioiwaore enbodibieatiofst he

i nvention. illustrates the basic procedure that each pixel is
subj ect ed to eterm ne whether or not it is defective. First, an
initialization st&pgusepkriorareddavwo ddegrap dheavagnxidisenised ithet he
procedure (bl, %%‘én%l% If (i,]j) represents the row (i) and colum (j)

| ocation of t'fe pixel "under consideration, then D(i,j), which is the

def ecti veness of ﬂnxeheP(zéari,Que; $nacgasi1g\|eedst be viaé uenwdntlidmi i al 1y since it
is assuned to e functisonal t k ]é SE t he Def.ect.ive Vote score
H(i,j) for tﬁja eﬁl %8> |wsar|en|atpp§lof3§ s&f (fl% %Cetf’]ov? BigER 210). A
counter vari &hslt&ctlionuseddimcldsaﬂk tlwele@uahEIDMa@emd‘.)@ﬁtmfe ideerieapsuerd | mage
bei ng used for the tab ¥ is also set to zero ébrllock At b[lgock 220, the
count k is cdipar Sd9AGAT nSE N2 tite FOCECTRENDR QT i Taf r&8 for the
purpose of def®cirer8ophXetormig nt)i, onth ilsf akvﬁhbaalﬂermay h& saw&xttaal k¥i ng
proceeds (to hl ock %3021; ot herw se, when the i has been utilized
Lol yi ho (TS ConaPUpAES (o AR e BRRe P AREECHHIE Etkh 10GA 500w ¢ h
the val ue of dddd jnbt( bkogkiRE)nedur ingrecaeeihad | yimgsr fdf Sthpukhe variabl e
k, which WO 00/ 51341 PCT/ US00/ 02962 Waf1 initially zero, is incremented by
1 to indi cat ¢ RA%Sh 2E8pf LF 8 FTRIYES OV bPPeAPRYLBR| Iy Hisi d@Fe82FBr t he
tally (block g23@)., Eheptabtyive wWRieer mcoed by Ealsie@wlﬂné&lhaeal\/ND about
t he pixel P(i (bl ock 240) The MND i s then conpared to a pre-defined
threshold T (Cbgl 19Ro ¥ CR e TS a7 PREYIBRIRARS Nt deifemditg HPBRT a
nunber of dewdasidepandent fretf aizun seehnag smg@rlrmmrsﬁrartdleor the desired
"fal se positive" rate ﬁthe rate of ms-classif functijonal pixels as

defective) arftPiHe oPaltSeSabbdtis Tigt §SPERet ai‘ CEta$R%- chegi £)fng a

def ective pix@loms ilsungtlodal jor Wil @ HedeabhyebOolhagdwul thd @iervoirded, in
nost cases it is nore . acceptable to have fal se gositives than fal se

negatives. THEIHHEOENIPITT2FRS  al ST BEedBLERH hedt A" e e of

sensor/ devi cejdpealditg, CQE'tiQ'wfﬁ&érﬂ&cﬁI&dmﬁboéegr@@ &F tHOHAed Wrhl the
device. If the M\D does exceed the threshold , then the score H(i,j) is

i ncreased by PEQIsGcks24apeated qtilyElyj pixghmi Acabions st dffer val ue.

This vote talipddihAaceordtngat® ddem M‘Mss\mhea I sThé | st rod et fel thl,ocks
230- 244, is continued until k>N, i.e, until the last of the captured inages

is utilized iRi¥%He HOSAEJONGNRR TIRFIRAD Shechpfbr 2l FRyRE [REresEReN

anal yzed for Jih tadl lihagbhEase@f&d My Uhke iihagonpatedid® I tomBere (x] is
the nunber x rounded to .the nearest integer and Nis the total nunber of

i mages capt urdanged ofitherafcr Fherigés rracespedred, then if the score
neets or exceeds [WVe2] t@hs3frih@fbta mPimiel, Pﬁ'h.ghie'ﬁ considenad Lo be
defective, and the value Xi,j) is set to one | ock 252). If not, the
value D(i,j) ¥ekh fdoretbatrofd i d&igHe |d§lf|efétli"6npl’ﬁ1b @‘?ﬁf%‘stﬁtﬂnd ipPNR2) s
only by way OfeEaRi8+2BdmaRYebe nRdidd th'e“cQﬁSPéd@PCﬁn rtza; G desi red
detection characteristic (such as s WO 00151341 PCT/ U5007 02968 m)dlfyl ng
fal se positi veordiifigdshaegansole ndass exsdisehsonr thazamnegtiest tosa Figure
3 shows the dgfer rEthhQsOB ge. MR M nf raup;ei gRbRM i Ro LY stanca),«acegr di ng

to an enbodi nent of e invention.
by the image capture device. The more images captured, the

more likely that the deterministic approach is accurate.

Also, as described in more detail below, the exposure time
5



A m ni num nei ghbori ng distance (M\D) for a given pixel P(i,j) may be
determ ned by considering the "distance" or differentials between

nei ghbori ng pi xel values and that given value. This nay be expressed by the
followng statenent . MND (P (i, J ) ) - mnimnr { ;W$ n) |
} , where (WOUP¥Y 3 set of |ocations of nelghborlng plx@Fg ‘gﬁgﬁt the

| ocation (i,j) and r is the rank order of a m ninum chosen fromthe set of
resul ting di ffer ences. Figure 3 shows a typical Bayer pattern sensor array
of pixels abedt tael csmti®m iimapingndeutbe sems artse inatugeobfebigesingbl e to
consider only thpse ne 0 pixels in_the sane color plane (R(ed),
G(reen) or B(Claﬁe)g? c?ﬂé?%h@eéla&gr 1BSFERFR YT a?fataenetllroé‘t rf"&% of the array has
pi xel IocatlQﬂ&s&ﬁabmyatﬁﬂ:bysahternaW|mnghﬁﬂukmauﬂﬁeBpSnaed t he subsequent
row with pixel |ocations aﬁFociat%g bé al ternating g gd B col or glanes.
The nelghborWSBHlNl?Br BATH P& CPECEFPORR |11 fend GpSR"ERE ©DI or pl ane
associ ation ehptheeptiel 1Rftt jih thbesane aycoie Fltgw @oZel $ikelPWshdy 7
colums and shows an. RGB Bayer g Etern. A nei borhood N fgr the B pi xel
P(4,4) that &&f BESELRLT Ut e 07 BBRAPEET ng® tHRFVBIGF EREALAY woul d i ncl ude
8 of the neare%%ﬂluaeeghﬂ@f'd&fe@t@&éﬁéh@t ed pimlsséjambystb@ﬁeaﬂ@h(Z 2),
(2,4), (2,6), e%4 2) (4, 6), (6, and (6, 6) . The MN\D tells
roughl y how deg&&tt Sa%e}i’%ﬂ‘?ﬁﬁq ﬁ&a&l}& %e‘ée%"e? difn tﬁ‘@x@l"?"?%ﬁoﬁg&e i
Assune that rlredebatHatetthad eweshil ankb Aghidffier,ense beiyakep i be the
chosen 9 WD 00/51341 PCT/ US00/ 02968 mi ni mum The M\D of P(4,4)

consi deri ng tSIF€"&bovRe nRAGRToriffosd WBURBTBEL fHFRTA Wy LedkPRgAPRRIBYS ol Ut e

val ue differeregoatet B8rdd£NSiTEXeWREHE Ph4, PImnaitd t@RCRceRel hendi xel s
bel onging to the nelghborhood Then, the m ni mum of these elght (in the

case of P(4, #2fiedi stahtes® MRFHE BeEskeli®R IMSCtRor i nstance, consi der

the follow ng int Qﬂ§tlélll/3a|“l4fé$1 foe btagraswhmrﬂm RxabautqP(4: 9>
P(2,2)=I00, P(2,4)=90, P(2,6)=95, P(9,2)=105, P(4,6)=110, P(6 2) 85

P(6, 4) =80 an@ssupeg) that %#lfﬂﬁ§ BjixedhE0pa kBN riddr UOSASIAePEL i on, has an
intensity valiyge@brh@ratd he .0 RUBLBEE 9Bk Nthedi HeFRee 1 paULEr be
(102-100)=2. If r were equal to 2, then the 2"d | owest difference

(102- 105y=3 ifA"Eho8BAL) Thef Tamecdr Béretantbe WidigedigEpenaPRECE whet her

simlar typesigfsdehesisiaie Ao deeafiound Figwrd@ ghbotheadeqli kewi se, a
nei ghborhood N for the R pixel P(3,3) that can be considered for computing

the MND of PESCIFIHBEI BOi RS (FRPOGiBENE Rt nEle citVaidiighbori G2 BU BRI at ed

pi xel s na”E|ﬁst@Q§%o@ﬁe&liﬁ)eadhlcabtugéd5imaéé35@7Cdﬁ%aé£rlﬁé dhe (5,3) and
(5,5). A neighborhood N for the G pixel é&%Db that can be considered for
fO

conput i ng théLWNDUBf“P%%PQHIRﬂﬂHQ&StﬁBFﬁd § FOTFeaPedpIneighbdri ng G
associ at ed p'ﬁ@'tﬁeBaHEéYnéf@%r@Jooﬁzag) coxﬁgaéad dfl. AN mbfAodhrokd. 5). (5,4),

(3,6) and (3,2). general, for B or Elxe s P(i,j) neighborhoods N are
conposed of ﬁP%€P§ SF enly those imj aj payt 1%¥L%FJQQEPr pilapej (sueh4as | ),

(i-2,j+2), ('Reld"‘zbreéﬂdof']?l?ud)"'%)f 2L KWL SPat { 1 0RRAI Ako1GrPrxebsy P(1 L )
have a nelghborhood Nof (i-I,j-1), (i+l,j-1), (i-2,)), (i+2,)), (i-1,)+1),

(i+1,j+1), (iRgray) - anﬂefFrjﬁqsIMW%éﬁeCPﬁﬁgee%dUhdhﬁme§S§Pédexc@@ﬁéﬁ“ﬁsuch
val ues are SidiRly, exggyde&lé wmetnehahbgwm iH0R st BeEXeaR! &S Ya sensor

array of Figure 3 1s an sensor, any kind of color filter array io
00/ 51341 PCT/Abseeho2968 Based on this comparison, a “score” is then

tallied. If the score exceeds yet another threshold
number, the pixel is marked defective. As each pixel is
thus classified a map of defective pixel locations is
stored onto the host. This process continues until all
pixels in the image have been classified. Advantageously,

the completed map of defective pixel locations may then be
6



pattern (or even a nonochrone pattern sensor array can al so be processed by
t he above procedure. The above nei ghborhoods are given by way of exanple
and may be nodified as necessary. Figure 4 is a block diagramof an inage
processi ng {pRasakls according to an enbodi ment of the i ny@Rhisesloaeds JUre 4
is a block diagramof internal inage processing conponents of an inmaging
devi ce incorporating at |east one enbodi nent of the invention. In the
exenplary circuit of Figure 4, a sensor 400 generates pixel conponents

whi ch are coPSFPEAEENTTP tYhatal AT SCEANE sSBRRSSERT T EHVIAOMPERE. The n-bit

pi xel val ues ,ganerabgd hyvrsansy A%Q1ar8p 880 md P hkPRItHeS iRLEEf ace 410.
Sensor 400 in the context relating to the invention will typically sense
one of eithePrRCEES1nY BAHRPTRENTSYF PEnVBRRL takese" Wfisahagr el or
location. Thyschhgal MeNsidge P Ue s0f e PE XY drke aasecisatediyiifyonly
one of three (or four if GlL and G are considered separately) color planes
and may for miedgethee RiBuYy eroqadtiver A2Eaweh nelge. sme RVviceandaBeedl or

"channel s" nay bg|conpLessay ang %@%gqﬁgnggga{@tﬂxyiﬁ fraa%u%gmyéti on,

whi chever is desired by the application. ture interface 410 resolves the
i mage gener atddelhpatheesensortiard thegi gaptihiensitly imdaess begdorae

i ndi vi dual pi_xel - ch.pi r ire._i IS ina
Bayer patter ﬁ&?ﬁégggggd%%%lerpgv\ﬁ tqh]tltn% i ?:gl b?%ﬂ%%%?ytﬁ; O:c%%ﬁtg Fgﬁgﬁ é%l gital
canera sensors. ikt iscaypired jurhampasehbese devigss trivd somebef stheegi xel
cells in the a%%n?%n%gg 4 My not respond to the lighting condition in the
scene/ envi ronnent properTy. As a result, the pixel values generated from
these cell may beFighret2 vis alhdsecpiaxel| of ocat | emsodimeertalolfedh&def ecti ve

pi xels." In g_ql%egg?gﬁi ment of the invention, a "pixel m WD 00/51341
PCTNSO00/ 0296 strtution"” unit 415 may replace the value read out in each
dead pi xel by theFigueas?tilhdtymtesmstdeabas pc aviaesdyrevahiad paxkel in the

row. A RAM 9 NSLS 0 u indi ces of the.dead pixels,
whi ch are sug?g'lxl(égd%ygﬁ%g%%ﬁc{ci ygac%?%ﬁgs%%%ﬁ%t? onnon%tlﬁoégl ogi es

present ed i n dedieicodseot hetrembodi nevittd alThet hen hodey oigy Hfeaif odmedctd ng whi ch
pi xel s in the _sensor, are_de tiv b arried. out a.c ter_system
or ot her suchs%e\lll céhgsv‘?? %ﬁeréatugs&@ﬁnﬁ%a%r r%C.e%ree r@sﬁl?lctki ?138 alﬁl of row
and col um i ndi,gés reprébendeftdet incy gilxebkntocal wams(iayldeatlioaded tid 0 RAM
916 via the buls ez:t60]n e;:cgorgsgf'elriatt%to?ls q%ga b ans)f erwli1 n hbiidi rt%cti onal
capacity bet wedli -t he rmagi ng appar at s an Xt et hial HSH ¢8s FPPn an

al ternat e enbzdierentesabstof upisorl Uniit, 1915snays begned i thenata@def boNMOt he

i magi ng apparat.us_in favor of_ some form.of post:processin such

11 Cer ng.or SUSIAsERGE 0re or thio a1ragee: Sohftnt Sadeir o (B2PERGs Y be

di spl ayed. | nitkesrispaghagbeppariataidoteospandi AL moduter 42&ti pidesi gned to
convert each or.iginal pixgel n-hit (typic n= i ntensity captured
fromthe sens%{l’%()) an rr’fb’fefaﬁrpf esnegtl ty &é?ﬁe?“ %}Feélon%?n' ({Ayﬁioéléll‘y'ﬁ:/, =) P
Conmpandi ng nodidiebd25%k8 ueéd needechakli thkecsensot dififbeandfcapeure interface
910 provide a standard 8-bit per-pixel_ val ue. ectiv i xel detection
shoul d be percfaé’r%&%i ﬁmag%o?%grh%elpﬁcfﬁotrhég?ngﬁa}ﬁtl‘T‘ M &S iSEY gﬁn@%r%f t he
sensor whi ch {Hlo@ki gioally is a higher bi-resolution such as 10-bit, should

consi der the high_end. of t intensity range to be 1023 and not 255 (for
B-bit intensi tygvﬁ‘l%ugéfcﬁsgg?Scmesecc?%’ﬁogegsAcﬁ?‘?%‘? W&s%rthﬁs(

recei ves conpastdad na@bsoer of nhgegskataarandepefbor the i PRgE ROMF €ssi on such as
JPEG A RAM 929 can be useg %o store coeff'H(ci ents and/or quanti zation
u Ff@%

threshol ds ut99585¢dVEnPEXBCUETHEF SR 12T XY oBPST 341 MR 8SEaL 6298

proceeds (to block 230); otherwise, when the last image has
been utilized in tallying the score, the defective pixel
image map is written out with the value of D(i,]j) (block

250). During score tallying, first, the wvariable k, which
7



conpression. Primary conpressor 928 can be designed to provide outputs

whi ch are sensitive to or corrective of defective pixel |ocations and their
val ues, sendi ng such conpressed val ues to Encoder/Data Packer 430. Wen the
defective pixel |ocation nmap is being generated on an infarmation device to
whi ch the i fEY%¢**4evi ce of Figure 5 is connected, the det™&THIVEPES:
approach descri bed above is best perfornmed on pixels prior to their being
conpressed. Each of the R AMtables 416, 426, 929 and 431 can directly
comuni cat e Wwhb anbtisalO6P zeaol hat iLheiémeladerl @3N 1beol aadedaaadeiingn | ater,
if desired, nodified, Further, those gAZIgt'abl es an otger RAM t abl es may be
used to store PREBFTRAITIRI r8s TR TaRELY RS FORSIARER S ART dBR% §9H 3% or age
arrays 440 is (peady 230)be tThanshkel eds edded idilnddo biyh €1 irBagthfpwpipay at us of
Figure 4 it may be placed upon bus 460 for transfer. Bus_460 al so
facilitates tﬁgeu Wgt%’cﬂft ﬁ%ﬂ Péﬁ?éspgjr@,) 4%,0%2343ﬁd 439° Y 1 ed.
Dependi ng on thendesmgred tiohe pppasétsed aricadidast iTC (paptKr2amode may be
provided that perforns limted or no conpressign and no data correction
while the ideﬁgﬁfy?%‘geoféﬁé“cﬂa%bﬁi SBPESR RN "IndBPPaReRUR G tfe 5 is a

system di agr apeof coOn@egitheditneattof s hendmvantdRorFhgute Bndifdrstiates a
computer system 510, which may be any general or special purpose conputing

or data proce8§Fhgefmciife SFchta¥ea PEER pisor@itecofpliterflatvifpiied to a
canmera 530. CzuBrei&3dl Mk asdhgktatiFAMRy ttedhtah s¥i degacanpera, or
any inmage capture device or imaging system or conbination thereof acrd is
utilized to captar &b Fakfg@ToMia-stehe 5und psseterarivy, pespt tred i mages
are processedelicefohdB0e WhAAeSSHALL LY NS 232180pEhabot H8Y, CaN et
efficiently stored in an inmage nenory unit 13 WO 00/51341 PCT/ USO0/ 02968
534, whi ch ma§Bes al RAM Jor6t REFCBEBF byt U\AYGe fSUER BESATiVR@RARANSK. The
i mages) cont airpede WhddH ¢ JdERIE THEMDR Yo st 1d 3B hathat sbhspdegti fash o ot
conputer system 510 can be according to one enbodi nent of the invention,
for the purpo§beofimetef Mefseg/frBlidgef @ity siopdiroloEastdng ¥fd t he camera

530. In nost digitdl ot ad®rAstibal 2o peid ydvistd. | | 1 maging, images are
stored first and downl oaded later. This allows the canera 530 to capture

the next obj ect/scEhetkfuii foft ABEEC AT iTdrFaSh@dray, Then use sicoge
conput er systgga;%p,i@airﬁdx@als@el ¥yl 0 dei&ot ing)def egt hye, pixgl4) ocations of
t he canmera, reduces the conputation/storage requirenments of the camera 530
al l owi ng for &°M833s c¥npl ek LARBCEhU3 L uenr e hifeNiodhs Foé L ibRaf 3RIUWENIThe

i mage processicBOtgé NG ! W32nCakr i esuoutaddie iR xalbcrybstoLagd on (i f any),
conmpandi ng and conpression of imges captured by the canera 530. Wen a

capt ured i mag€CTHhREMErUOripreYsed-Br Wkl itheddwitoadetne ocaRiHsRAder syst em
510, it may bendgegded and itAagn;nepderesh 1. Smnmﬂj@uﬁ.agg}/é)ﬁeca%&lﬁeés a
printer (not shown) or to a nonitor device 520. The execution of the
defective pixéMades RITDPIREY RBALVERY HeSCHIDER ldbovENcan@oFeElE 1)

deconpr essi ong si bopggeed. . TBY /8§, aghbBYefk USiNG 1A RLREESSRI -AletiGh as the
Pentium processor with MV Technol ogy (a product of Intel Corporation) and
a nenory 511, tS8cheaseFRAMNtRIeEhand Hiskd e s1aded/ Poaber nef rimradesn _
addresses andcpgeibiqdatgs cLhe;aBRhALAL | Qnﬁaagté%e%rteocas%?&go thedgtecting
of defective pixels based on a series of inmages downl oaded from canera 530
may be from afhexeevrapieetComsi PEaeeddNN0lr & codéheni therPirela | anguage
such as Cr+. Phe knsiLucdiang @b thabe exeaHaR)S fahhethwbgfud&%{iejeond
with instructions necessary to scale the inmage, may be stored to 1 WO
00/ 51341 is set to one (block 252). If not, the value D(i,])

remains zero from its initialization. The threshold [N/2}
is only by way of example and may be modified in accordance

with the desired detection characteristic (such as



PCT/ US00/ 02968 a di sk 518 or nenory 511. Further, such application software
may be distributed on a network or a conputerreadable nmediumfor use with
ot her systens. \When an i mage, such as an image of a scene 540, is captured
by canera S5gf.gokfsei S Sent to the image processing circuit pedgisod3b@e
processing circuit 532 consists of ICs and ot her conponents which may
execute, anong other functions, the conpression of the imge pixel data set
conpensat ed by defective pixel correction_ The imge nmenory unit 539 will
store the comprésyend eftlfeddsiidgredand. fOre nepRtpiveelrstgapfeapflocessed and
stored or trapgterredato-ddie gapputer system 510 for rendering the camera
530 is free to capture the next inmage. When the user or application
desires/ requests Bigwwml dahoots ithﬁgggFeFTh'eﬂjefmzdtfe@ni Mge (MAPAMIR t he | nage
menory unit, at g fr i ; \ j e 0 port
517 110 por FRL Sy ER B o P R B arery v (TS Biethds Fo

bri dge 514 tenygstéanbus 513) to tenporarily store the data into nenory 51|
or, optionally, disk.5b: . SYS h t 5 ich
facilitates inf or!rAra f’g#ﬁﬂ gér%rs};%gltrb%t&é %rg?ng%%%g%r@@e@so%%%%g‘ggg%n %’1{)% 511
and a bridgeP3i4inwhingh bouddtesntioednbly/ Qobesdddimg [the Bds sSkBcebnmect s
various |/0O degvice u ) i spl r.516, .di 5 a nl/0 port
517, such as%é\fs%%f%’é l%gsr f?etzl\%fée%f gﬁgﬁhggﬁﬁﬁa‘ﬁ%ﬁs ‘%Tl%:éﬁo%ggv?g%g buses
and bridges cdrechevaluéi zethiw tMayt be erpeassan @ndhehgoddrpingt i on shown i s
merely illust rtai;cie\r{‘gngf .one such possi bl e conbination. According to one
enmbodi nent of° the Thvehtion, the detecti ng of defective pixels may be

achi eved on compuMsp (BysiEm FlGhilymdown| iI0adi, ng -&rd, ahal yzvingrea Sem)es of

i mges from canera_ 53 The .defecti.v i I tion d na 15 WO
00/ 51341 PCTFGSBOFSEQ%E% % Cgartelc?nl%n Oéf ﬁ?gﬁﬁg%}r‘gﬁ}ﬁg%ﬁ %tb 8¥ gg%r age
mechani sm andoccanibe sef) iander fier rheoraekt o dewroferhaicd nment chbbsamy

downl oaded i ?é%e. ggst go(\)/\PIroeasqll Qrre tllf nrorf1C dsef ective imge |ocations

el i m nates tHé He&8%t 88T i AedrporatiNg SR T8t Ures into the camera 530.
Conput er syst em 5Fagduei hgshdef=ct itypipateBadet gedtitarmnisiensper horay saftch
cbnput ati ons _as ghe gogeut altci’coal i%fn \Ds C?Bms%i}{‘gsé hes_,reS to a.t h%eshol d,
tallying t he PBEFESt PO-YV0T & K& E™and 41 or | ng of " & deréct ilvelpi Xe erﬁap. The
exenpl ary enhkdiirebls tescendietkrhemndiyntabee pnoigited iner eliketle iLhl tisérat e

Scope of t he HCCRETGR. FEEThel (T SNPREIDI S5 Bf a1 nugntlonohES be” -
applied to apstdernangeapfa sfistssmeowo odichhevartae ey arit@ged odestonded
e A S ESe OIS ANATLANER Sha' @ RS Ll IR Stbesliee
row with pixel locations associated by alternating G and B
color planes. The neighborhood N for each pixel location
will depend upon the color plane association of the pixel
P(i,j). The array of Figure 3 is 7 rows by 7 columns and
shows an RGB Bayer pattern. A neighborhocod N for the B
pixel P{(4,4) that can be considered for computing the MND
of P(4,4) would include 8 of the nearest neighboring B
associated pixels namely those at (2,2), (2,4), (2,6),
(4,2), (4,6), (6,2), (6,4) and (6,6).
The MND tells roughly how close to neighboring pixels
a certain pixels response is. Assume that r=1 such that

the lowest ranking difference is taken to be the chosen
9



1. A nethod conprising: PCT/US00/02968 downl oadi ng a sequence of inages
froman i mage sensor; and nmarking on a map a pi xel location of said sensor
defective if a Defective Vote score exceeds a first threshold, said score

tallied ove[: id captured images. 2. A nethod accordi i-m 1
wherein dom}ﬁoﬁéf%g I ncl udes: connecting said sensor to apg.gg{sgoé@%%uter;

and capturing said i mages using said sensor. 3. A nethod according to claim
1 wherein said marking includes: determ ning for each said image a m ni num
nei ghbori ng disimuwte TxoWNDsaifdPpi xé]l ¢ocsideonngandel Bbsaed m ni num

Dot oot ve Vol B aag i §RE1GRRERR0 o S A B RP R AR e 1 sai

m ni mum nei ghbh6férnenal stfanhe iistdeserynvelhebyP (4,4) and each of the
pixels belonging to the neighborhood. Then, the minimum of
these eight (in the case of P(4,4)) “distances” would
become the MND. For instance, consider the following
intensity values for the neighborhood N about P(4,4):
P(2,2)=100, P(2,4)=90, P(2,6)=95, P(4,2)=105, P(4,6)=110,
P(6,2)=85, P(6,4)=80 and P(6,6)=75. If P(4,4), the pixel
under consideration, has an intensity value of 102, the
minimum neighboring distance would be (102-100)=2. If r
were equal to 2, then the 2™ lowest difference (102-105)=3
is chosen. The rank order can be changed depending on
whether similar types of defects are to be found in a
neighborhood.

Likewise, a neighborhood N for the R pixel P(3,3) that
can be considered for computing the MND of P(3,3) would
include 8 of the nearest neighboring B associated pixels
namely those at (1,1), (1,3), (1,5), (3,1), (3,5, (5,1),
(5,3) and (5,5). A neighborhood N for the G pixel P(3,4)
that can be considered for computing the MND of P(3,4)
would include B8 of the nearest neighboring G associated
pixels namely those at (2,3), (2,5), (1,4), (4,3), (4,5),
(5,4), (3,6) and (3,2). 1In general, for B or R pixels
P(i,j) neighborhoods N are composed of pixels at (i-2,j-2),
(i,3-2), (i+2,3-2), (i-2,3), (i+2,3), (i-2,3+2), (i,3+2),
and (i+2,3+2). Likewise, in general, G pixels P(i,j) have
a neighborhood N of (i-1,3j-1), (i+1,3-1), (i-2,3), (i+2,37),
(i-1,3+1), (i+1,3+1), (i,3-2) and (i,j+2). Where image
boundaries are exceeded, such values are simply excluded in
the neighborhood. Though the exemplary sensor array of

Figure 3 is an RGB sensor, any kind of color filter array
10



conputing the absolute value of the intensity value differences between
said pixel |location and each of a set of neighboring pixel locations in
said each image; and finding a mninmum anong sai d absol ute val ue of

intensity V& ferences, said mninumset to be the mpirRlheReisghbori ng
di st ance. b$@iﬂ6%/51341 PCT/USOO/02968 5. A met hod accopglﬁg to g laim4

wher ei n the nei ghbor hood of said nei ghboring pixels is determned in
accordance with the col or plane association of said pixel |ocation whose
defectivenesBatEﬁinﬂﬁﬁ} @@E@rﬁimedocﬁromﬁrﬁﬂﬂhﬁiﬂa@§059rngrr®yc¢%ﬂrﬁlBowherein

sai d sensor |s ég gagggv at &L fé Ariet bpd,gaccording to claim
I rst t

1 wherein sard I'S t e nu of images downl oaded di vi ded
by a fixed nuﬂb@nbonnnqﬂsfax@dgnuﬁbebyckﬁanﬁ eedmpy et had| yelbof fal se

o d sensor TR o oo arbaFREL gl gi tal camera. 0. An articl e comprising a

comput er readabIeFxguhauﬂ havenglpoktdirdian istaor edathepeone swirgh when

execut ed apparatus according to an embodiment of the invention.

Figure 4 is a block diagram of internal image
processing components of an imaging device incorporating
at least one embodiment ¢f the invention. 1In the exemplary
circuit of Figure 4, a sensor 400 generates pixel
components which are color/intensity values from some
scene/environment. The n-bit pixel values generated by
sensor 400 are sent to a capture interface 410. Sensor 400
in the context relating to the invention will typically
sense one of either R, G, or B components from one "sense"
of an area or location. Thus, the intensity wvalue of each
pixel is associated with only one of three (or four if Gl
and G2 are considered separately) color planes and may form
together a Bayer pattern raw image. These R, G and B color
“channels” may be compressed and encoded separately or in
combination, whichever is desired by the application.
Capture interface 410 resolves the image generated by the
sensor and assigns intensity wvalues to the individual
pixels. The set of all such pixels for the entire image is
in a Bayer pattern in accordance with typical industry
implementation of digital camera sensors.
It is typical in any sensor device that some of the

pixel cells in the sensor plane may not respond to the
lighting condition in the scene/environment properly. As a
result, the pixel values generated from these cell may be
defective. These pixel locations are called “defective

pixels.” In one embodiment of the invention, a “pixel
11



causes: downl oadi ng a sequence of inmages froman i mage sensor; and marKking
on a map a pi xel location of said sensor defective if a Defecti've Vote
score exceeds a first threshold, said score tallied overall said captured

I mages. 10. ticle according to claim9 wherein said Lo~ S
caused by: 8@ﬂR§%¥?ng said sensor to a host conputer; andq@ﬁgkﬁﬁﬁﬁg sai d

| mages using said sensor. is WO 00/ 51341 PCT/ US00/ 02968 11. An article
according to claim9 wherein said marking is caused by: determ ning for
each sai d i megesaitvbionm weitghddr may replace the value read out in

each dead pixel by the intensity value immediate previously
valid pixel in the row. A RAM 416 consists of the row and
column indices of the dead pixels, which are supplied by
the defective pixel substitution methodologies presented in
various other embodiments. The methodology for detecting
which pixels in the sensor are defective may be carried out
by a computer system or other such device as illustrated in
Figure 5. The resulting tally of row and column indices of
the defective pixel locations may be loaded into RAM 416
via the bus 460 which facilitates data transfer in bi-
directional capacity between the imaging apparatus and
external devices. In an alternate embodiment substitution
unit 415 may be eliminated from the imaging apparatus in
favor of some form of post-processing, such as filtering or
averaging, after the image is downloaded or is ready to be
displayed.

In the imaging apparatus, companding module 425 is
designed to convert each original pixel of n-bit (typically
n=10) intensity captured from the sensor to an m-bkbit
intensity value, where m<n (typically, m=8). Companding
module 425 is not needed if the sensor 400 and capture
interface 410 provide a standard 8-bit per-pixel wvalue.
Defective pixel detection should be performed in accordance
with the relevant intensity range of the sensor which if
originally is a higher bi-resolution such as 10-bit, should
consider the high end of the intensity range to be 1023 and
not 255 (for B8-bit intensity values) as discussed above.

A primary compressor 428 receives companded sensor
image data and performs image compression such as JPEG. A
RAM 429 can be used to store coefficients and/or

quantization thresholds utilized in executing such
12



di stance about said pixel location; and if said m ni mrum nei g=zboring

di stance exceeds a second threshold, then increasing said Defective Vote
score by one. 12. A systemconprising: a nenory capable of storing
instruction@bqggsgata related to defective pixel detecti ORerRishid36&SSOr
coupled to said nenory, said processor adapted to execute said 1 nstructions
and mani pul ate said data Lo determ ne which pixels of an i nage sensor are
defective, said instructions including: downl oadi ng a sequence of i nages
from an i mageogpnsssionnd Rriméanyg conraeaapr ad ¥ xadn ke gleisdgnefl sai d sensor

defective |f :3o02heChLyStOLMINEORECULREHR: Fo TLd b LY:GARIGe 81 D SCOre
tallied over& " said capture | mages. } systemaccording to claim 12
further conpdesengivanpixepe s@tdonsprodi thayr deakues tseadfiognsothpi xe

e &) oo PRk PEIE MBSO LoostR B AP Qe 10 A
adapt ed to stderfeckdovat poxsl ofoqeitiehnsmdpt s nbatoh defretateel on an

information device to which the imaging device of Figure 5

is connected, the deterministic approach described above is

best performed on pixels prior to their being compressed.

Each of the RAM tables 416, 426, 429 and 431 can
directly communicate with a bus 460 so that their data can
be loaded and then later, if desired, modified. Further,
those RAM tables and other RAM tables may be used to store
intermediate result data as needed. When the data in
storage arrays 440 is ready to be transferred external to
the imaging apparatus of Figure 4 it may be placed upon bus
460 for transfer. Bus 460 also facilitates the update of
RAM tables 416, 426, 429 and 431 as desired. Depending on
the design of the apparatus, a diagnostic capture mode may
be provided that performs limited or no compression and no
data correction while the identifying defective pixels is
being undertaken.

Figure 5 is a system diagram of one embodiment of the
invention.

Figure 5 illustrates a computer system 510, which may
be any general or special purpose computing or data
processing machine such as a PC (personal computer),
coupled to a camera 530. Camera 530 may be a digital
camera, digital video camera, or any image capture device
or imaging system, or combination thereof and is utilized
to capture an image of a scene 540. Essentially, captured
images are processed by an image processing circuit 532 so

that they can be efficiently stored in an image memory unit
13



19 WO 00/51 341 PCTNS00/ 02968 15. A system according to claim19 wherein
i mge captures of said sensor are corrected in those pixel locations’
determ ned to be defective. 16. A nethod according to claim5 wherein said

mnimumis o) ot to be the |owest ranking difference. t-hod
according t d@ggﬁyz wherein capturing of inages incIudes'?%%Fggg? g the

exposure tine of said sensor to a given scene when detecting Stuck Low
defects. 18. A nethod according to claim2 wherein capturing of inages
i ncl udes decrgas,) nhitdhe maypbsus eRAN M- aftheai dtseagerdéwi e giunedn ascane when

CAF Ao A, A RS A, S e [ BTe R B AR indde Memory

U] c”a] cal] caUrery cg4c aheaUl s adk sied wech ca<alomplical cay sodre & n]ea] ®@] cal ca
according to one embodiment of the invention, for the
purpose of determining the defective pixel locations of the
camera 530. In most digital cameras that can perform still
imaging, images are stored first and downloaded later.
This allows the camera 530 to capture the next object/scene
quickly without additional delay. The use of a computer
system 510, particularly in detecting defective pixel
locations of the camera, reduces the computation/storage
requirements of the camera 530 allowing for a less complex
and thus, more inexpensive manufacture.

The image processing circuit 532 carries out the pixel
substitution (if any), companding and compression of images
captured by the camera 530. When a captured image, whether
compressed or raw, 1is downloaded to computer system 510, it
may be decoded and then rendered to some output device such
as a printer (not shown) or to a monitor device 520. The
execution of the defective pixel detection methodology

described above, and image decompression, if needed, may

be achieved using a processor 512 such as the Pentium"
processor with MMX Technology (a product ¢f Intel
Corporation) and a memory 511, such as RAM, which is used
to store/load instruction addresses and result data.

The application(s) used to perform the detecting of
defective pixels based on a series of images downloaded
from camera 530 may be from an executable compiled from
source code written in a language such as C++. The
instructions of that executable file, which correspond with

instructions necessary to scale the image, may be stored to
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transferred to the computer system 510 for rendering the

camera 530 is free to capture the next image. When the

user or application desires/requests a download of images,

the encoded image data in the image memory unit, are

transferred from image memory unit 534 to the I/0 port 517.

I/0 port 517 uses the bus-bridge hierarchy shown (I/0 bus

515 to bridge 514 to system bus 513) to temporarily store

the data into memory 511 or, optionally, disk 518.

Computer system 510 has a system bus 513 which facilitates

information transfer to/from the processor 512 and memory

511 and a bridge 514 which couples to an I/0 bus 515. 1I/0

bus 515 connects various I/0 devices such as a display

adapter 516, disk 518 and an I/O port 517, such as a serial

port. Many such combinations of I/0 devices, buses and

bridges can be utilized with the invention and the

combination shown is merely illustrative of one such

possible combination.

According to one embodiment of the invention, the
detecting of defective pixels may be achieved on computer
system 510 by downloading and analyzing a series of images

from camera 530. The defective pixel location data may be
15
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stored in a disk, memory 511 or other storage mechanism and

can be used in perform correction or enhancement of any
downloaded image. Post download correction of defective
image locations eliminates the need for incorporating such
features into the camera 530. Computer system 510 during
defective pixel detection will perform such computations as
the computation of MNDs, comparing these to a threshold,
tallying the Defective Vote score and storing of a
defective pixel map.

The exemplary embodiments described herein are
provided merely to illustrate the principles of the
invention and should not be construed as limiting the scope
of the invention. Rather, the principles of the invention
may be applied to a wide range of systems to achieve the
advantages described herein and to achieve other advantages

or to satisfy other objectives as well.
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What is claimed is:
1. A method comprising:
downloading a sequence of images from an image sensor;
and
marking on a map a pixel location of said sensor
defective if a Defective Vote score exceeds a first
threshold, said score tallied over all said captured
images.
2. A method according to claim 1 wherein downloading
includes:

connecting said sensor to a host computer; and

capturing said images using said sensor.

3. A method according to claim 1 wherein said
marking includes:

determining for each said image a minimum neighboring
distance about said pixel location; and

if said minimum neighboring distance exceeds a second
threshold, then increasing said Defective Vote score by

one.

4, A method according to claim 3 wherein said
minimum neighboring distance is determined by:

computing the absolute value of the intensity value
differences between said pixel location and each of a set
of neighboring pixel locations in said each image; and

finding a minimum among said absolute value of
intensity value differences, said minimum set to be the

minimum neighboring distance.
17
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neighborhood of said neighboring pixels is determined in
accordance with the color plane association of said pixel

location whose defectiveness is being determined.

6. A method according to claim 1 wherein said sensor

is arranged in a Bayer pattern.

7. A method according to claim 1 wherein said first
threshold is the number of images downloaded divided by a
fixed number, said fixed number determined by the level of

false positive and false negative rate.

8. A method according to c¢laim 1 wherein said sensor

is incorporated in a digital camera.

9. An article comprising a computer readable medium
having instructions stored thereon which when executed
causes:

downloading a sequence of images from an image sensor;
and

marking on a map a pixel location of said sensor
defective if a Defective Vote score exceeds a first

threshold, said score tallied overall said captured images.

10. An article according to claim 9 wherein said
downloading is caused by:
connecting said sensor to a host computer; and

capturing said images using said sensor.
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marking i1s caused by:

determining for each said image a minimum neighboring
distance about said pixel location; and

if said minimum neighboring distance exceeds a second
threshold, then increasing said Defective Vote score by

one.

12. A system comprising:

a memory capable of storing instructions and data
related to defective pixel detection;

a processor cocupled to said memory, said processor
adapted to execute said instructions and manipulate said
data to determine which pixels of an image sensor are
defective, said instructions including:

downloading a sequence of images from an image sensor;
and

marking on a map a pixel location of said sensor
defective if a Defective Vote score exceeds a first

threshold, said score tallied overall said captured images.

13. A system according to claim 12 further
comprising:

an image sensor providing data in the form of pixel
intensity values, said sensor adapted to capture each said

image.

14. A system according to claim 13, comprising:
a defective pixel location memory adapted to store

locations of pixels determined defective.
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18. A method according to claim 2 wherein capturing

of images includes decreasing the exposure time of said

sensor to a given scene when detecting Stuck High defects.
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