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generally to sem conductor imagers. Mre specifically,

the present invention relates to noise reduction and

suppression of unwanted artifacts in sem conduct or

i mgers. BACKGROUND OF THE | NVENTI ON [ 0002]

Conpl enent ary net al - oxi de sem conductor (CMOS) i nmage

sensors utilize sensor arrays that are conposed of
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[0003] Ideally, the digital images created through the use of CMOS image sensors
are exact duplications of the light image projected upon the sensor arrays. However, various
noise sources can affect individual pixel outputs and thus distort the resulting digital image.
Some noise sources may affect the entire sensor array, thereby requiring frame-wide correction
of the pixel output from the array. One such corrective measure applied to the output of the
entire sensor array is the setting of a base-line black level (described below). Other noise
sources may only affect specific portions of the sensor array. For example, row-specific noise
. may be generated from a mismatch of circuit structures in the image sensors due to variations in
the manufactunng processes of mtegrated circuits. The effect of l‘OW-Spemﬁc noise in an image
sensor is that TOWS Or groups. of rows may. exhxblt relatlvely dlfferent outputs in response to
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uniforminput |ight.[0004] In order to set a
corrective black |level and renove the effects of

wo owr®pEei fi c noi se, dark rows and dark col unmBCHIS2006/047179
used in inmage sensors, as denonstrated in FIG 1. FIG
1 show an i mage sensor 100 that includes a pixel array
110 organi zed into JV pixel colums and R pixel rows.
The pixel array 110 contains an active area 112, dark
rows 115 and dark colums 117. Al though not shown in
FIG 1, dark rows 115 may al so be | ocated above the
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rowspeci fic noise. [0006] One corrective technique is
the dark colums 117 and dark
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specific ldd®ause, theoretically, no light is sensed by the
optically black pixels, the only charge generated by
|xels is internal noise-induced
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referred to as optically black pixels. Because, theoretically, no light is sensed by the optically
black pixels, the only charge generated by the optically black pixels is internal noise-induced
charge. This is often referred to as dark current. Thus, one method of compensating for noise is
through the calculation of average optically black pixel output values, ‘which represent average
noise values, and then subtracting these average values from the outputs of the pixels in the
active area 112. For example, an appropnate black level may be set by calculatmg an average
..optlcally black pixel output for the optlcally black plxels in the dark rows 115 (block 150), and
then subtractmg this average valié from the output of every pzxel in the active aréa 112 and dark °

columns 117. Row-specific noise in pixel array 110 may also be compensated for by calculating
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noi se val ues, and then subtracting these average

values fromthe outputs of the pixels in the active
wa@e@a/nilgt For exanpl e, an appropriate bl ack |rePUSIR§047179

be set by calculating an average optically black pixe

output for the optically black pixels in the dark rows

115 (bl ock 150), and then subtracting this average

value fromthe out put of every pixel in the active

area 112 and dark colums 117. Row specific noise in

pi xel array 110 may al so be conpensated for by
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ha eration. IRrefI
thus aga?ﬁ(zgr%?? 1y n.@gtfr%ctﬂ SWP“’&«Pf&eQ@'PE’ n these cases, the black level
sensed by the optically black pixels is generally higher than the ideal black level because of the

charge collected from these noise sources.

. [0009] In response to the disadvantages of using optically black plxels to set the
black Tevel value, an altematlve techmque for correctmg noise in a pxxel array 1 10 is to'tie the-
photodiode of the plxels in the dark rows 115 to a fixed voltage. The fixed voltage is, in
essence, a fixed black level for the pixel array 110. The advantages of this method is that the
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the pixel array 110 and is trapped within the inmage
sensor 100. The IR radiation, which also causes pixels
WO eoogemasat e charge, may repeatedly refl ect ageeTEs2006/047179
multiple optically black pixels, thus again
artificially inflating the amount of generated charge.
In these cases, the black | evel sensed by the
optically black pixels is generally higher than the
i deal bl ack | evel because of the charge collected from
t hese noi se sources. [0009] In response to the
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s exarITI'pI fe&t%vsaag)‘f‘,l\%% | r%a\ogf ?’.‘é% %ﬁ%@wcgﬁew mpluraliseof dak pixel
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ar ea
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conposed. of tied pixels. The array also inc
rows arglcﬂo‘ﬁrmoFﬂ/oétroﬂagp%:agy)péa}ckrMS Y] gsepixelso the active
area of p_i xel's and the plurality of dark pixel colums
$Q@IZ]t haBingitdrlyras apargtx &rpréidin %i)&@k%ff@ﬁ%%l 5 for an imager is
provid#' xel s..ext en og?tr 0SS ,Eihe plurality of dark pixel rows.
h&™ WP Aar mehasito pepvidp hediixg! Gaeredion vabres dertbie dinagat Both the
apparatopandmkthodtificka pixePhigaypihdt islc8hpBsei S active area, a plurality of dark

pixel columns and a plurality of dark pixel rows. The plurality of dark pixel columns are

composed of tied pixels while the plurality of dark pixel rows are composed of a both optically
black pixels and tied pixels.

'[0013] An imager and an imaging system are further provided, both utilizing a pixel
may that is composed of an active area, a plurality of dark pixel columns and a plurality of dark
‘ .’pi)fel rgwg. Th? ?lurality of da?k pixel cblumns-are cmﬁppsed of tied pixels while the plurality

of dark pixel fows are comniposed of a both opticaily black pixels add tied pixels, . -



[0012] Simlarly, an apparatus for providing pixe
correction values for an imger is provided, as well
wasoomashod to provide the pixel correction vECTES2000047179

the imager. Both the apparatus and method utilize a

pi xel array that is conposed of an active area, a
plurality of dark pixel colums and a plurality of

dark pixel rows. The plurality of dark pixel colums

are conposed of tied pixels while the plurality of

dark pixel rows are conposed of a both optically black

i xels and tie
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pl (RAH .dais lan pinagd sepedryrms and a plurality of
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DRAWNGS [0014] FIG 1 is an inage sensor [001 5]
F@O&@%ﬁtﬁg‘% '3']Eg§ Im;ig S{eﬁsoar%%or gl:[lg] Q%c?)i)ée lare}/fg@glment of the

invenfimmsor accordi ng to anot her exen‘pl ary enbodl ment of
the invention; [0017] FIG 4 shows the operatl ons of a
bl ev u a [
gfﬁ)gr bry q}el%g an\g/% kh%q}p%k txoné %)F\'/ aer81][%8{6 ﬂave e[cge_nl cgj:ult according to an
exeﬁm‘@’ emmdlrmmpﬁdmsmnﬂmasmﬂ syst em t hat includes an
i mge sensor according to an exerrpl ary enbodi nent of

E | NVENTI ON '
t h@oﬂgﬁ/enaﬁlgﬂg 1% C %?1}'/ SEd sys ma at 6¥cl?{l £5 anHnage peor according to

anexampiqcmg@bgém otithelln\zmlohot h tied and optically black
pi xel s to calculate a stable black level value for
enerated i ensor
200, . 0. DR ED PrSoRRTION Of e AV HIBEeN ol e

arr 21 a set of holding capacitors 220, an anal og
Si [gﬁﬁ? pr @%@gﬁs PWH}W(g{nlzyggnerg of the ipfention, an image sensor utilizes both

tied afd @Fﬁ&ﬂy%lgélgblk@lls t& Qamr’ eé{éz%rs%ab?e‘]'gla%lgle%gf vl k %agggej ated images. FIG.

buffers 270 correction circul
2 demonsEatgs)ai inage sensor 200 €.g., a CMOS image sensor, that includes a pixel array 210,

a set of holding capacitors 220, an analog signal processing block 230, a set of analog-to-digital
converters 240, a set of read-out buffers 270, a black level correction circuit 250 and a feedback
loop 260. The pixel array 210 includes an active area 212, dark rows 215 and dark columns 217.
Within the dark rows 215 are rows 285 of optically black pixels (i.e., optically black pixel rows
285) and rows 280 of tied pixels (i.e., tied pixel rows 280). Only tied pixels are in the dark
columns 217. Because the tied pixel rows 280 are not sensitive to dark current, the output levels
of the optically black pixel rows 285 and tied pixel rows 280 will vary. The variance between
optically black and tied pixel outputs may be compensated for by calculating the difference in
readout levels between the optically black pixel rows 285 and the tied pixel rows 280 (black
level correction circuit 250) and then applying the calculated difference as an additional black

: level correctlon value to. the whole frame (feedback loop. 260) For example, circuit 250 could

) ‘calculate an average optlcally black p1xel output ortied pixel output for each fow of the dark
rows 215. An average optically black pixel output could then be calculated for all optically

* black pixel rows 285 in the dark rows 215, and an average tied pixel output could be calculated
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| oop 260. The pixel array 210 includes an active area

212, dark rows 215 and dark colums 2 17. Wthin the
walaook/orees 215 are rows 285 of optically bl ackp@i/xstose/047179

(i.e., optically black pixel rows 285) and rows 280 of

tied pixels (i.e., tied pixel rows 280). Only tied

pi xels are in the dark columms 217. Because the tied

pi xel rows 280 are not sensitive to dark current, the

out put levels of the optically black pixel rows 285

and tied pixel rows 280 w | vary. The vari ance
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[ evel” correctio
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althog%“ Qld}%v};d’cg% q‘l.(lg Iﬂ%{ BtlS {h% Wlee:vr\} g;%lé{ﬁ% \MS tg%oae}'ipﬁﬂgﬁ to the sensor, a

| ed pi Xers rs
user rst waie furathme'stw&r feamesl fbretantbvf Correedoh faotoy, babdtPory tHeURS gain setting
cifi se. The uncertainty

f o
is gty rgdugért&%kr)abq BASGARTY Teetish dhe oimeotion ¥ois iR trpdout of the dark

rOWs av elnalglnegv @rmhom fa‘cmjt\§ccfrﬁ§li’fbdlb5ﬂéfé° he ltﬁﬁtacﬂiamﬁﬁ& isGbad out. This, of
and t hen

L bl 285
coursy igeRS AREPeaF Rk G PR SBHIRPPHiEPY GIPERf be read and

averaged aﬂgﬁleﬁpi)mpafddy\mm the Kleﬁ g% é ogt%blup hliﬁuchngtéiﬁ#ngtr&Cfgﬂﬁbg? )\('allue for the
fici unmb i

eraged o t froma su
black il Betee Tl tit et v apd integratien G ofile ieages pereye: the large

numbree b BecebQtR k. roWd B e BIBALEL, YN b1} Yol dBe i&%@n&}%a of dark rows 215
col or nust be sanpl ed. The averagi ng ove

|
affec ‘hé ?*f%? ol e Pikareay? 10byBersasing Siecmalyis waccandixpenss, but the increase
in roved 186 SFFEQVIRFRhEraVEf the Bk %e)f diMR EERTESof LK HQH}%hmﬂ take longer.

drawback to this method I's that when new gain Settin

ar[SO:?ﬂpl | %9a1t1 ?m;t)rr(])seds g)&%glary embodiment of the invention, as demonstrated in
FIG. 3, an image sensor 300 contains both optically black pixels 385 and tied pixels 380 in each
row of the dark rows 315 of a pixel array 3 10. As depicted in FIG. 3, image sensor 300 also
‘ _'includes a set of holding capaditors 320, an analog signal processing block 330, a set of analog-
' ..to-dlgltal converters 340, a set of read-out buffers 370 a black level correction circuit 350 and a
'feedback loop 360; The plxel array 310 includes an Cdctive ared 312, dark fows 315 and dark .
columns 317. As indicated above, the output from both optically black pixels 385 and tied



user nust wait for thirty-two franes before a new

correction factor based on the new gain setting is
wa@eoenaided. A preferable nmethod is to establi shCT/082006/047179

correction val ue during readout of the dark rows so

that a new correction factor is conputed before the

first active rowis read out. This, of course,

suggests the necessity of introducing thirty-two

physi cal dark rows to be read and averaged and then

conpar ed mﬁth the tied pixel output, t hus obtaining a

Pixeig’]sﬁi\ggﬁgill vatyan dmfug{ l()eé erg IRJ()}%& ? f HS Wev?ﬁgrrl e'ér&:i(}ovec!1 embodiment of the
inveiridow vieg diffetence hety&en lmpheull)dﬂaﬂeaﬁﬁmvgixd amkplrt @n‘ééd h§t account for row-
onl “dogs the larg l;;J,rrb

spec#g%ox?l 5&@;){9(@&01} ?]éo seg” the same rﬁw)-{gqec ezg@vblyes from tied pixels

380 édiCheccfihpiged Watha/aly ﬁs)nethée)paeal}emae@ﬁ&els@ss vtthout the need for taking
increase in rows also affects the frane rate of

many W &amples L BINPERE FovsPesifie aeise s Putheon p lsmcgémark owg @puld be
suffitieRebgehbrafian ABRLAYER A B R @z{l%i eﬂtéoéve rrgguttfn)?n tied pixels 380 in

|nvent|on as denonstr at ed
the raygebi iz pm ynts@itbla@plpv@maw: ﬂieahﬁelpnwebesws%tmmaage ded pixel

outp 2@l the g’&ga%bpggsgp)é {bgtgk ?)ﬁxe'ipépqgfn £ ONRe 339 1 resuloyf) 510 a) %Aéhtlonal

array I mge sensor
correctiv¢ velee. Bothethe ¢ied ipirted ivalye eag dei atddrtEmBIZ(ﬁJ,rrmnva naluegre calculated by

i K 30 a s anal o
the b |cg?%1aﬁl eé’g%\?@?‘t elf%gg 3 3@ ana 3 est‘mfg?ecf 9 ﬁﬁth%tf’ 3?‘?&‘? gregyly which is
appliad b amlceechwgaplxebmmpmk i(feadisdck dooyt 3615%&1ﬂﬁbtﬁné 8 diagdte black level. In

0 The pi X array 310.i de active area
prectigfoR e ek ot Pl e b R b edinlind) i i ivtine the
calcutdted/bl,ackteerebut put from both optically black pixels 385

and tiedpixels 380 will vary and nust be accounted
rove t of th

we n the i
e nﬁo CFPGI? Ve e # aé‘%eq(}vk}&@%"i? aﬁ“}f&PP&Ca’é& blagl pixels 370 of
dark tovm‘B o] oml beQutheukerbﬁmd ;iaﬁEmaWﬁliﬁﬂwfdﬁﬁl FiR¥IS BREMnhiifg between

a row'"s the sanme row specific
opticfif Effok piyelpRisiaed g AbiIS 50,  Riruetseny.crk 5o+ be splitin the
middld, iWithvaptisalsy blackpixers zaetdxﬁ@iel Yded faC6 whinglictl pi8als 380 on the other. In
the cvqy%ﬂ,agt the need. f.or tfa L]gg nmany row san‘pl es to
LQVs PGB & iF prefergpledo ajtenatg dlg sidespfdhe gavis whereon the
optlcdlm\blﬁﬂdbﬁebes%%ﬁ |tﬁtl Pitteld ISOABPSRLA, %‘asat%(‘ﬁiélﬁta@e meaac%gragmg out of

Ieve al ue. aver age, out put fromtied gl xel s
any npjse a?ta\ﬂrlﬁleg qealized dedeqts of the parckanray 810. vénuether repetitive

patternltF rdidnk &b 06 Ged ﬁiﬂéﬁ%llbaﬁd By %rd?ﬂ?ec{x 1@9d£‘k3§kel§)wtﬁél‘ be used, where »
and the average optically bla pi xe out put

is an WieReT EERRter daam qng byt legs ﬂ@adﬂia!ﬁ tbﬁ iengthoefidati raves I44. Js general, any
symnféeridhl bRgsiddl ‘iﬂ' aRbetfdnt bRkiHE Bfkg%efgbgdyﬁgﬁhb%mkcﬁ pixels 385 of dark rows

corrective val ue are calc
315 isanprerriaton circuit 350 and are sunmed together to

generate a result which is
[0023] The operations of the black level correction circuit 350 are summarized in

FIG. 4. As pixel values from the dark rows 315 are readout, the black level correction circuit
350 determines the average optically black plxel value and the average tied pixel value for each
; ~:row in the dark rows 315 (block 419) For each row, the dlfference between the average
optlcally black plxel vilue'and the average t1ed plxel value is calculated (block 420) “The *
processes of blocks 410 and 420 are repeated for each of the dark rows 315 (block 430). Once



appl i ed to succeedi ng pi xel outputs (feedback I oop
360), thus setting an accurate black level. In
w@e@chime; a few dark rows may be necessary f orPChos1006/047179
redundancy and to further refine the cal cul ated bl ack
| evel [0022] The physical organization of tied pixels
380 and optically black pixels 370 of dark rows 315
can be a checkerboard pattern, with individual pixels
alternating between optically black pixels 385 and
tied pixels 380. Alternatively, dark rows 315 could be

the dffRdréiicel Hbt\ﬁl&ﬁx tht did8ge M\bﬁcﬁll? I%idcﬁ%iéf lelué‘é.Kd méﬁgﬁa&%ﬁgfi pixel value

on one side of a row and d pixels 380
for eagh romeis eglentatady ar ayeage @ﬁtée §pﬂferences is datrutated Brladk 440)0 The

ica
calcug%téacg E&%&%&ﬂﬁ& ggﬂa %% 1st J1 pl x SM’%%@ r]xetl F’%lé]%{%e are g a}ﬁ overall black
levelarslwc(bfoak i4i50). aWeheh Ipeceﬁaveluagfmg thelhetde a&wB m:xlu?dark columns 317 are
from)| oc i zed efect t.he

readoglt rb&y@%ﬁel%&gf’g&g%h%cuf lbyeﬂ raetén% pg?rﬁ cﬁ level vafixeelfrom the value

of eaclopixelrin thy Gctiveaded s Kehied dok colaths1 7 (bleckgegyit i ve dark
pi xel s could be used, where n is an integer greater

A TR ML T T -

settm(gfantap@ebmlamlblacla&@eﬂi}dp&mmﬁﬁé chlbleﬁéll@oﬁleEﬁbﬁ p38diés on the analog
r OWS ? approprl ate, 0023] Elgh"i‘r operatl ons of
P‘xeltsf%‘abP‘gBRfSP \?e*ie T RIEE Y cilhis Ang Vel sRTaftionglg implemented

by thé Black ®vef corréddtioRion@hity 250/&sd fjmdttﬁéfe‘éaﬁ&krlgéé\%s TP B0 (FIGS. 2
readout, the black | evel correction circuit

and 33 Howyev dhe blackalpxelgaresion pracedurey may alsp %elappligden digifal pixel
signal B@tpﬁtée TRYs Eés%dﬁlg'bl&lk 1%t WErrf QonSaehits % 3 9tPact 3¢ Hescribed, but

rows 315 (bl ock 410). For each row, the erence

the f%éb%énom&%%@r%ﬁ@@r@ psqddalarlwswlaéwnm-wp bmkdeveal affer the pixel
i T s

correftinm madﬂe@.ﬂSQ,BéOdﬁnp Iblacklgved térrﬁcbioockaymmmﬁlemﬂl es either a
i ff t
hardvgdg% Sg Egﬁfg\%?x%%l’{ﬁ%ﬁ Abse | gﬁl}a?'g gol?ﬁ(t)ﬂ %1ae l!)l% leéfacchd?'reggy B may be

aver age valu
implepainted st aither softveare Ilnatggatcfﬁ Wlﬁeﬁxdimhﬁg&rseﬁﬁ@§msor as a stand-alone

K 440), The, cal d fth
s RS T 45 SRS 5 YRR b

create an overaII bI ack level value (block 450). Wen
pifRe2slval detypicabprotéssonlbsed eysiere 4060, vivch ﬁaiﬂdes eh imuger device

Lordi chq_ # \ [ r S
1030 g‘l]'ﬁ?tr ra t5 ﬁi% %%ng@g?a ?A %I 1zl(l: eélvlg?& ue I%r O%squbgs ed system is
exemphk)u ef mﬁym haying digitah cirdvétsaiicly eowdd mh&lkﬂnﬂgelr dtsides. Without
N AT b o)
being limiting, suc em could mmclude a computer system, camera system, scanner,
machine vision system, vehicle navigation system, video telephone, surveillance system, auto

focus system, star tracker system, motion detection system, or other image acquisition system.

[0026] A processor system, such as a camera system, for example, generally
compnses a central processmg unit (CPU) 1010, for .example, a microprocessor, that
commumcates thh an mput/output (I/O) dewce 1020 over a bus 1090. The i imager 1030 also
:.commumcates w1th the system components ovet bus 109() The computer Systém 1000 also -
includes random accéss memory (RAM) 1040 and, in the case of an imaging system may

include peripheral devices such as a removable memory 1050 which also communicates with

8



[ 0024] The above-descri bed enbodi nents of the
invention are directed towards setting an appropriate
whb@ck7d4evel by performnming black | evel correctPONUS2006/047179

procedures on the anal og pi xel signal outputs of

pi xels in a pixel array. This anal og bl ack | evel

correction is inplenented by the black |evel

correction circuits 250 andv350 and the feedback | oops

260 and 360 (FIGS. 2 and 3). However, the black |evel

correction procedures nmay al so be applied on digital

[ j u i k. level N

CPURDNS by A Bhs 0P ionch Tod i u BR8Ny LRleRa by b Wigagpeed cirouic
which inelidee pliret k corsaiping26phaotngGOsueh @s a phdtogateantphstodidie. The imager

frane-w black | evel after the.pixel.output is
1030 g B Shrafing A5 S6fesst aiin 4sioPU L Gei@HBH picyessor or
micrdprgédssdr, Pither vaithont hfenitiy 8@r4peiis @ sinplld Redgra8d BRE, &% may be on a
.. 250, .350, the black |evel correction may be
d‘ffe‘ieﬁb‘l’}éﬁélfﬂ"e‘ge REOPY%¥er a hardware or a software

solution. As a software solution, the black |evel

COOOZE] | OrWHAY vitousghiRAERS oBthe Prdsoff inv&tioM iR e been described
or as a

integrated with the i magers 200, 300
above dtshiuldl brrendsatipod hat Hiey dars baspgrresntsd by way of evample, and not
limitdtRA YA He hpSdrant!t6 PeRBnPsIGIIPH RS refAShERR(s) %ﬁ&%ﬂa&\s changes in
typi cal processor based system 1000, which includes an
form F‘H‘gg%’fﬁﬂ Gay be anagg sheraincwitinuh depasting Eopy ihe spirit iand sevpie of the present
invention/ }I{hﬂéttﬁe?‘FFegeﬁth@n@oRQhoﬁd QBP&E%F{Ed B?%ﬁ o?ﬁtaﬁg};&-ﬁescribed
exenplary of a systemhaving digital circuits whic
exemplony empediments.i mager devi ces. Wthout being |initing,
such a system could include a conputer system canera
system scanner, machi ne vision system vehicle
navi gation system video tel ephone, surveill ance
system auto focus system star tracker system notion
detection system or other image acquisition system
[ 0026] A processor system such as a canera system
for exanple, generally conprises a central processing
unit (CPU) 1010, for exanple, a mcroprocessor, that
conmuni cates with an input/output (1/0O device 1020
over a bus 1090. The imager 1030 al so conmuni cat es
Wi th the system conponents over bus | 0. The conputer
system 1000 al so i ncludes random access nenory (RAM
1040, and, in the case of an inmagi ng system nay
i ncl ude peripheral devices such as a renovabl e nmenory
1050 whi ch al so conmuni cates wi t hCPU 1010 over the bus
1090. Inmager 1030 is preferably constructed as an
integrated circuit which includes pixels containing a
phot osensor, such as a photogate or phot odi ode. The
i mager



1030 may be conbined with a processor, such as a CPU
digital signal processor or mcroprocessor, wth or
wowvdhou46nenory storage in a single integrat edPCI/US206/047179

or may be on a different chip than the processor.

[0027] Wil e various enbodi nents of the present

i nvention have been described above, it should be

understood that they have been presented by way of

exanple, and not limtation. It will be apparent to

persons skilled in the relevant art(s) that various

changes in formand detail epRaphg made therein w thout

departing fromthe spirit and scope of the present

i nvention, Thus, the present invention should not be

li mi t Whabip chaipnedasmpw ang slpairestodei nselgetes bivdieters Patent of the United
StateSfOdi ments. CLAIMS What is clainmed as new and desired

to be protected by Letters Patent of the United States

is: 1. An imaging pixel array, conprising: an active

ar ed. of Apilmeping mrejanaycpnaisingsl ural ity of rows and

columms of pixels; and a plurality of dark pixels

arr angegh h&iwvat OB CorRiniPdd* &l a S19MG: ' ixels:
col ums \I\%‘Iﬁgﬁ aé%igg%f(ac’er{ ? sfg% d aac %‘@?@ﬁ%@i%‘?’é’? of pixels;
and said plurality of dark pixels conprising optically
bl ack pixels and tied pixels. 2. The imagi ng pi xel
array of pfla &a&ﬁ@k&g arrm;edqatat bl ohe IRl RIVEIR pixel col
. and tLedppfxé?;.in the plurality of.darﬁ ?xeﬁ rows.fnxe é)un"m
whick pre ashiapgnt said activeareheltselp.oaidiplpealite phdarR pixplgecomprising optically

[ ' ' ray of claim1l, wherein each row of
black't ;ﬁg&% Flﬁd Bieffgk/x i

ura dark pixel rows is organized into a
first half and a second half, the first half . )
conpr i sThryinpging pixelarpiyaeficlaimb| whereindhe opticsly blegk pirtels and tied

_ o . ., , . ol ar of
isc BE AN IR ooty Sl B89 D Ml
pixels are located on alternating sides of adjacent
dar& pikieg imagiag pwel army ofiedaiimy vg’w@n eagly zoyv off the phuradity of dark

pixel ]'mwmecfrgmz&hﬁmtg Rl ¥al PanB ladEKord m, et ﬁﬁﬁc&{ﬁ%ing optically

black pixels, and the second half comprising tied pixels.

4.  The imaging pixel array of claim 3, wherein the first and the second halves of

pixels are located on alternating sides of adjacent dark pixel rows.

5. The imaging pixel array of claim 1, wherein the optically black pixels and the tied

pixels in the plurality of dark pixel rows are organized in a symmetrical pattern.

6.  An apparatus for providing pixel correction values for an imager, said apparatus
comprising a black level correction module that calculates a black level correction value based
on output values of a plurality of optically black pixels and a plurality of tied i)ixels from at least

one of a plurality of datk pixel rows of a pixel array.

7.  The apparatus of claim'6, wherein the black level coirection module further

conprises:

10



pixels in the plurality of dark pixel rows are
organi zed in a symetrical pattern. 6. An apparatus
wo eoo7prmei di ng pi xel correction values for an POBEYS2006/047179

sai d apparatus conprising a black |evel correction

nodul e that cal cul ates a black | evel correction value
based on output values of a plurality of optically

bl ack pixels and a plurality of tied pixels from at

| east one of a plurality of dark pixel rows of a pixe
array. 7. The apparatus of claim®6, wherein the black

| e%ﬁ}ve?%ﬁ%ﬁ'{odg{é at eg}a{:hﬁlg%/ éeiﬁ 5\8325 c&qqg lll)f gﬁg?g )%Y Sut%gi a4 an average

tied piwe! pupuat for each avwrin the plumlitypoﬁ@rk pmepmwef' end eac h r ow

in the plurality of dark pixel rows; and a calculating

gg&igelrllgua{étgrrl SH]JTBQ%» %afcgﬁ%éoﬁar@n%ﬁaeg?evek chr?éecrt]i%%tvla 1% a\éfaraﬁ @average of the
detexmix;mhﬁffemnoés claim6, wherein the optically black

pi xel s and tied pixels in the plurality of dark pixe

OV, a0 ORGP 1fhnf s SDRGKE ROAL RO Ss adfed pixelsin the
pluralityusfadark pixel rodes dte prgealizeddna checkertgand gattrmnt o a first

hal f and a second half, the first half conprising

opt jcal and_the seco alf ¢ rd si.ng. .

Cred pi g e b Bty s DBt PR ERDBE 8 R BRY fapgicet rovws is
orgarfizedshtcenfirst half and arsdcdndl hatf thef finsi lxaéf onaprisingaepticatly biuck pixels, and
ﬂmséﬂ §ﬁ~ tlng SJdZS of, djacent dark pixel rows 11. The

A8Bara FSi0g 1eﬂ1p6x Wherein the optically black

pi xel s and the tied pixels in the plurality of dark

pi el r'ﬁwp@amﬁmqiﬁuiéuneﬁ, Wlﬂeralnsl:};mﬁfst andthie spedriddialves b pixels are

method of th el nals of an inmager,

locatés%a?lhalﬁ’é?ﬂws QH%g“fD‘Jéglf Bﬁ(le Vﬁg an average |

optically bl ack pi xel output and an average tied pixel

oul put Tlerappacius afiwliim ¢ \plhemeialthet yptizhlly ldck pixetd arrdoths tied pixels in

1.n Exe arna of the i.ma det er.m.ni a
the pilfhiy BEAE K0 bR ord BERERER s fFn Pty o e

out put and the average tied pi er out put for each row

avb2.agifgethmsl efatoaventing tixdl §ifrale ntasiniagey sairmtthod comprising:

bl ack | evel correction val ue;

calculating an average optically black pixel output and an average tied pixel

output for each row in a plurality of dark pixel rows in a pixel array of the imager;

determining a difference between the average optically black pixel output and the

average tied pixel output for each row;

averaging the determined differences to generate a black level correction value;

and

using the black level correction value to correct the pixel outputs of each pixel in

the imager pixel array that is not located in the-plurality of dark pixel rows.

13 The method of -claim 12, wherein:thé : average optmally black pixel output and the
average tied pixel output for each row are calculated from a plurahty of optically black and tied

pixels arranged in a checkerboard pattern within the plurality of dark pixel rows.

11



and using the black |evel correction value to correct

the pixel outputs of each pixel in the inmager pixe
wa@eooap7idhnt is not |ocated in the plurality of PdBUK2006/047179

pi xel rows. 13. The nethod of claim12, wherein-the

average optically black pixel output and the average

tied pixel output for each row are calculated froma

plurality of optically black and tied pixels arranged

in a checkerboard pattern within the plurality of dark

pi xel rows.14. The nethod of claim 12, wherein the

aver agBlefméﬂhﬁdloMlabhanwﬂbﬁéﬂi thewerdbe ﬁt@célﬂ%é &éieamtput and the
put for each row are cal cul ate

averagwlas‘i' aBﬁeT futgpt %ﬁﬁ?@wqwavslca@vélamﬁbfr@m@dﬂmaw of @ptrcahg blick and fied
pixels ig?a;%e& Yﬁ‘Hﬁif&lhﬁcﬁlxca‘P phit&h %Yﬂlﬁ r?&}lf‘%?ﬂg‘g%ﬂé #’g()éeéll ,anv},%‘,j g; k

r ows. . I mager,

npri si ng: an actl_ye area of pi xel s, conposed of rows

a coMyHREepfcomBESing: and a plurality of dark pixels
arranged in at |east one of pixel rows and pixe

col umspivdli ghyaésmpddiagent said active area of pixels,
said plurality of pixel's conprising optically black

pi xel s and tied pixels; and a black |evel calculating
modul e thatanca&it%%qag pixely, sevppedarf rews pod colomny of pixels; and

based on the outputs of the optically black pixels and

the tied piaghlityot fak PitsiPdrrdnge®f
16 The ﬁ_g@(lgr llft}n gl ai m@15 Whégl‘%gl n %ﬁgggt Bhégk?l&%ws and pixel

g9l ugmsaY}P cent §3i4 p@we@gﬁmﬁ pixads, sg@@la@ilﬁgofrm&m eomprising

bptieAly B Hxa8 aAY GedPBeRPhhFal | y bl ack pixel output
and an average tied pixel output for each rowin the

pl ural i r OWs; conparl ng. nodul e to

f |
det er mbﬁ%kje%ﬁq PFEP B8 st Haaioes hlgek (lfmei @(&Tﬂcyon value

based ohltikecbutpints OF trRURIch1I R Bfhck Di el SIAHE uE-,a FS«-:EE fs ﬁ]of dark pixel
for each row, and cal cul ati ng nodul e e

TOWS. bl ack | evel correction value as an average of the
determ ned differences.

16.  The imager of claim 15, wherein the black level calculating module further

comprises:

averaging module to calculate an average optically black pixel output and an

average tied pixel output for each row in the plurality of dark pixel rows;

. comparing module to determine a difference between the average optically black

pixel output and the average tied pixel output for each row; and

calculating module to calculate the black level correction value as an average of
the determined differences.

17.  The imager of claim 15, wherein the optlcally black pixels and tied plXClS in the
plurality of dark pixel rows are organized in a checkerboard pattern.

18, Thei 1mager of. clann 13, wherem each row of the. plurality of-dark pixel TOWs is
orgamzed into’a ﬁrst half and & second half, the first half compnsmg optlcally black plerS, and
the second half compnsmg tied pixels.

12



17. The imager of claim 15, wherein the optically
bl ack pixels and tied pixels in the plurality of dark
w@Rooglo7aevs are organi zed in a checkerboard paPtBUR2006/047179

18. , The imager of claim 15, wherein each row of-the

plurality odark pixel rows is organized into a first

hal f and a second half, the first half conprising

optically black pixels, and the second half conpri sing

tied pixels.19. The imger of claim 18, wherein the

first and the second hal ves of pixels are |ocated on

al t By, natjihd Gmai : | IARPL; j r 2120, The,

i mager of cl a!g?neo}‘gfp& rrV\ﬁg;r’el n tlﬁgl?e{)%rtslpca h)? Sgﬁ%}éﬁl‘ag‘feﬁé’ﬁl?’xels are
located oryaliernatiag sisier of adjapent darkpinelabwsy of dark pi xel

rows are organized in a symetrical pattern. 2 1. An

[ . Ng I &4 QG; ' , rised of: a . |, .

ol el or Ph el oFIERi B, iherd i TBEhy BRHR B3 ard he fed pixels in
the phwralibysefdlad pixelvovesmte coganived inh spmuedtiscal padera,

plurality of dark pixels arranged in at |east one of

pixgl r ' ms. Whi ch are adj acent said

ac?iq\'/e g\éﬁigﬁg&g&}é@hw@gﬁ&ﬁr urality of pixels

conprising optically black pixels and tied pixels;

and. a B®HBeRearesaamprisgdedl at i ng nodul e that cal cul ates

a bl ack |l evel correction value based on the outputs of

the optically [ : the tied pixels in the

plurality of afﬁgg?gé%ﬁﬁgﬁgﬂgzz. The system of cl aim

21, wherein the black |evel calculating nodule further

conpri ses: aver agPRgetpidiea of pixeks eampased af rawsalgmlumns of pixels;

opti cal 4pg bl ack pi xel output and an average tied pixe

out put for each rowin the plurality of dark pixe

rows; conparing nDdTIe_to determ ne a difference
between the aver ad@ gptityefidagk pixalsiarmangad instdqsat onernf pixel rows and

the avepirgecotibas Which! ardBdjRttnt 50 28Rk 2YF pRBA, said plurality of

pixels comprising optically black pixels and tied pixels; and.

a black level calculating module that calculates a black level correction

value based on the outputs of the optically black pixels and the tied pixels in the plurality
of dark pixel rows.

22.  The system of claim 21, wherein the black level calculating module further
comprises:

averaging module to calculate an average optically black pixel output and an

average tied pixel output for each row in the plurality of dark pixel rows;

comparing module to determine a difference between the average optically black
pixel output and the average tied pixel output for each row; and

o cglcu!ating modale to calculate the black level correction value as an average of
. 'the determined differences. .. Co .

23.  The system of claim 21, wherein the opficeiily black pixels and tied pixels in the
plurality of dark pixel rows are organized in a checkerboard pattern.

13 -



cal cul ating nodule to cal cul ate the black I evel
correction value as an. average of the determ ned
waledo7erances. 23. The systemof claim2 1, wheP€i/nS100€047179
optically black pixels and tied pixels in the
plurality of dark pixel rows are organized in a
checkerboard pattern.24. The system of claim 21,
wherein each row of the plurality of dark pixel rows
is organized into a first half and a second half, the
first half conmprising optically black pixels, and the
seegnd Bk t ' el f. .
| o 20T SpARHIOE RS, WREroBl HRbow it the HREIHD bEBR pivel rows i
orgazgdingo a figst halfzandch ssrord half, i firsg hslif demprising dpticalytblack pixels, and
[ ws. ..26.. The system.of claim21l, wherein
the s (;e]h(%%;fixc;%gﬁr%"}ﬁ té%‘fplfﬁ?lﬁ'el s and the tied pixels in the
plurality of dark pixel rows are organized in a
syRfret r Thabysten p€claim 27, wherear the dirstrandithesdeond halveydMeixels are

.for. .ope i n rocessor to performthe
locat%%?ég’g%&g%é% EISFg?{%acgﬂt %EPH&Z“H?S% cally bl ack pixel
out put and an average tied pixel output for each row
i n26. pl Thasystem of cldan R1 pivhetkin themptically Ylackepixels &ad the tied pixels in

e N .a difference between the average optically
the piifdity O B ibidettohs S R L UEF SapnerBa e “but pu
for each row, averaging the determ ned differences to
geRér at A carrisir anddidre fed carxyinga propna dbusgeratig disiob&sém® perform the
d ack level correction value to correct the pixe
out puts of each pixel in the pixel array that is not
| ocated in the plurality of dark rows. 28. The carrier
neglawatin anl average optivalbridack pivel autputand anpiveegt kivd pixel output for
' t..and the average tied pixel output
each '%’? ﬁlé% #@g%%g?%f( alf(é(;ilﬁ“g? B2 PPSHE® I ural ity of
optically black and tied pixels arranged in a
c ldetavmining adlifferenes betwedrhihe avbragp bptiedl lythladdf pigérdatput and the
' arrier nmediumof claim?27,
avera&%ees'r%?{]xgt ‘étpé‘%é’%%’g‘ r%r‘;’t’i cally bl ack pixel output and
the average tied pixel output for each row are ‘
c avenagt e fletgrmined (diffextndey tofenppate edlldck lbved chrredtibn value; and
tied pixels arranged in a symetrical pattern within

t RSin/tHE Blakk Yeve colBdcKioR iRk t§ Q¥ ect the pixel outputs of each pixel in the

pixel array that is not located in the plurality of dark rows.

acts

28. The carri.er medium of claim 27, wherein the average optically black pixel output
and the average tied pixel output for each row are calculated from a plurality of optically black

and tied pixels arranged in a checkerboard pattern within the plurality of dark pixel rows.

29.  The carrier medium of claim 27, wherein the average optically black pixel output
and the average tied pixel output for each row are calculated from a plurality of optically black
and tied pixels arranged in a symmetrical pattern within the plurality of dark pixel rows.
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