METHOD AND APPARATUS PROVI DI NG MAGER NO SE REDUCTI ON

USI NG PARALLEL | NPUT ARI THVETI C MEAN MODULES FI ELD OF
wOokB7INBAENTI ON [ 0001] The present invention relP@ras2006/028129

generally to sem conductor imagers. Mre specifically,

the present invention relates to noise correction in

sem conduct or i magers. BACKGROUND OF THE | NVENTI ON
MEPAGA AVED ATIARXTES PROVIBINGIMAGER NOBEREDUGTEON USING

currently used, including charge-coupl ed device (SCCD)

 mage. scrRARALIEL ENRHIARKTBMEFIE MEAN WODULE

sem conduct or (CMOS) i mage sensors. CMOS technol ogy

offers many benefits, such as |ower cost, ease of

manuf act uri ng, and @Eﬁpgﬂgr HRBYRENTIONRt egr ati on over
the CCD i rrage sensors. However, a drawback of the CMOS
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variations in the manufacturing processes of
integrated circuits. The effect of fixed pattern noise
in a CMOS i mage BeCIISGROUBND (6t THEIDYENFIQHN el s,
typically each colum in a sensor array, exh|b|t
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sensed i mage sensor 120 via a sensor array
(CM@SDlmergh ee@em &M@Srtaqhnmmypﬁ@r&mw bengfitsy sueh@f 1y stepst, ease of

manu, aecltl Efggxglu (§e of i@ﬁ&?&&&gg\?}%?%&f@@ﬁ%ﬂ&%& &éﬁésq{ov@ever,
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responsible for the colum-w se distortion appar en

Fixed préferbioies s geaiped donnbgmald) of s Frasivies dpata ‘éqawﬁgns in the
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i mage nsor ol S€ - noi se conmon to pi xel s
image sengoigis vieat grcmnps of pmyls atlypioalix eash columrFinG, seﬁsorarray;m@éxt relatively

... 210 I s sensed he. [ r, 220 vi.a
iSRS Py regbe TR LB R TR 2 Co S0 B ity effec of fixed
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sensor array 230, a n0|secorrupted I mage 240 is

via a genser m@dla@y Eméemrayrhﬁbmgbldw matr, ofmwlé%l?r?ou Rgecause of
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sensor 120 Fixed pattern noise is largely responsible for the column-wise dlstortlon apparent in

the noise-corrupted image 140.

[0003]  Fixed pattern noise is not the only noise source existent in a CMOS image
sensor. Row noise — noise common to all pixels in a given row — may also exist. In FIG. 2, an
image 210 is sensed by the CMOS image sensor 220 via a sensor array 230. The sensor array
230 includes a matrix of pixel cells 232. Because of noise in the sensor array 230, a noise-
corrupted image 240 is generated by the CMOS image sensor 220. Row-wise noise is largely
responsible for the row-wise distortion apparent in the noise-corrupted image 240. Even after
correcting cohumn-wise fixed pattern noise, row noise may still be evident in the cotrected

image.



correcting colum-w se fixed pattern noise, row noi se

may still be evident in the corrected i nage.[0004] To
woenana3dsihe ef fect of fixed pattern noi se, convemuSeNa28129

calibration processes involve neasuring an out put

based on a known optical input and conparing it

L. nst t ed lue.. | MOS | .hmage sensors, .a .
Aot “RarRoTetetrept Sral prbmancs ow aygndgaliration
proce%f&? Ao ReddBng %fli‘ §Qtlrp§t BREI 43 8 8nén 8Ptidal BH)]Eu;c gnnd] comparing it against

cal i bration sigha n sone cases, output
an experded vahee. dar@MpiSxielags eensarssa light cdkaowh éntenssity and ffequency is
. li,bration, to conpare the sensors. output to_an
typieMORE AT ARe SHOR R Ui 25T N PAbrROn Henal. friSomgp cases, output
from MHaB RS @k ipikel BisSRMERTal EE (88 dudiflEcAIBEdtRA%0 _%bﬁipé{]e the sensors’
out put from every pixel cell should be identical. In
output ¢l expecthdderkequipwi dmpincipietif thefd is me meiemaich is thgrsahsor devices, the

out.put val ues are rea t. b en th i xel. colums . .
votta St 4L ok P Bl P10 B b BE i, i SRt B EE sgmifcant
differsfideStl $1gndl Sugriplaleek 4r0 rdadddubbdtaren thePixbl tdRAMEGE the sensor array,

bet ween, t he pi xel signal output values and the

even wheip e baidor) suppt kghy shimubig dpanpliod fuiks arey.t Yhe diffargnce between the

: r ' f4f wathe plxel fsets are
pivc SRR Byt Rl T Bl SB[ S e 0
pixel effsétr &hs pixeboffeuty @y colmPMed hnd thed sosvidR ibOinadaliBRASH the entire
array calibration procedure enpl oying an offset
SeNSOr @ dkct i on procedure, a respective calculated offset is
applied to the output of each pixel during nornal
i mage sensor operation. A pixel whose un-calibrated

SE{)%ﬁ mﬁgéo?lg%bgggﬁ%?se%%gr%% eﬁ%lé HWthi%Jf gr?)%:/%dulré g’mgfo%agl an offset
reduction prRSERNE i Agseal e dalehhaloffel v BpplRdd R diputdf BhhSixel during
whose un-cal i brated output was | ower than expected

norma}impgeppsot; apsratiogn 4 pigekvphase yaicalibrated outpyie waphighprethan expected

. Nt i i f L.ye.
st o ol £ SR N g LBt B st prer vt
Similardyl, agéxebinhbse @svaltbritad autpaicesslatvyr thes akgacteadtvwidirhagt its signal output

of fset values for each pixel, [0006] Cenerating and )
value CHStLO R e IAHE: B liseqor'%ﬁaoglétnggﬁaals@gff?%a{alqee ARy change in operating
mode Gt WoRE ARt e BN IAI Hifl rQRin TRERYar) SSQWuERRN oF bifset values

3 show a conventional CMOS | nage sensor” 300. The i mage
for eaglepigek 300 i ncl udes a pixel array 310 organi zed into N

pi xel colums and R pixel rows. Upon readout of a row,
paral l el pixel outputs fromeach colum (or N pixel

0 s) t : ALY iom ti
ORI =) SRR gl L S s pion i
and adsfitkeial meimennrdssurces. FIG. 3 show a conventional CMOS image sensor 300. The

image sensor 300 includes a pixel array 310 organized into N pixel columns and R pixel rows.
Upon readout of a row, parallel pixel outputs from each column (or N pixel outputs) are sent to a
set of analog-to-digital converters (ADCs) 320. The digitized output from each pixel column is
then sent to a set of readout buffers 330. In a typical image sensor 300, the digitized pixel
outputs are processed into a serial data stream 340. Each of the array rows is read-out in row-
by-row fashion. Generally, operations such as column-wise offset calibration and row noise
correction (block 350) are applied to the serial data stream 340. In other words, the noise

reducing processes are applied to each pixel output, sequentially, in the serial data stream 340.
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then sent to a set of readout buffers 330. hi a

typi cal inmage sensor 300, the digitized pixel outputs
wane7mesessed into a serial data stream 340. Bathsei06/028129

the array rows is read-out in rowby- row fashion

General ly, operations such as col um-w se of fset

th b R e SR BBt B by B0 tontt
Nby RpexeSighfls." BOMiNG, MRS EIud e ﬂﬁ@%u&&ﬁﬁ&ﬁ aﬁggpeo?écf&%kerence

out put, sequentially, in the serial data stre
value dygngpalibraiinm, therebytrbquiringie largé senbeddbits,and thaefoss@smory

igni fjgan el to the overall readout of the by
C“mcﬁggPiggﬂﬁP ﬁﬁp§$eﬂfﬂéﬁdition, the offset values are
measured from an expected reference val ue during
C 00007 at | Thiere {s)itefdfyre] £ dndWesird RF MR badtivsFor
.and therefore nmenory capacity, to represent the offset
efficiepgly gencrafinmyud apphangneise cqrrastion galaes ia pivsd dutputs afesEMOS imager,

: . s for efficiently generating
Whﬂeg%‘“%&gﬁ%ﬁg“ﬁ%ﬁ%@‘ggﬁaﬁ’é@'on val ues to pixel outputs
of a CMOS i mager, while reducing the required nmenory
capaci ty. BRI Bir MBI 08] The
i nvention provides a netﬁ%ﬁggﬁghggggyggﬂgb hat
efficiently generates and applies noise correction
vHION8F t dltehimvemition lpravidesut methdd andggaratisng ey effifiehiBP¢enerates and
1.In one g%ﬁnglaﬁ% eggodinﬁnt of the_invention, noise
applicy BPISe EYTEHOP APIYES 0dhe PHEheALE af f MUY Amasss.
cal cul ation of pixel offset values and average pi xel
0 % ' cak i l,on procedur.e. For.. eac
PHU0BYT 1 2 85 A, Bl A R O i oo s are
generatigt thravighehk Eadeulatiqal ofipitdl bffsetfvafieX ehd Sttrfpstpivedlou§ut T41888 during a
ib a. correa{fron 'ng QEjldur lity of pixel colums of the row.
calibragjon Preccaiirey diop EaggradealifTaon A, ) aesgeDjxeh puipniedlue is
deternfHddPfel 8 phitalitylolf ol N kA6
ete plhita 9of BSL1 SRP&I x%ithif‘etq %EEM&EQ%‘%?%B@E&%ﬁ 8?{)11%%1 columns

bet ween each”of "the plura pI xe

of the gay.ch affset e fag eachiof éhe plutapitt ofrik el @utpDis is dirthea lgtesated by
. .ound i.n.a simlar,.manner. far.pixels on_other

finding 13, 4B PRrBod! e PELE R T PiL A gl Galalated average
pixel dulyei vaer agre: vadudd atLfotthd & 2si8ding hnRdfeetix¥a i $teP talibration

each col um. [hOOlO] m anot her exenpl ary enbodi ment o?
rows. {(Qffset Yabeastin 6ach eohuran precthery arergefl 6o detrmaing k simgteovfifof value for each
columPl X€l outputs may be cal cul ated by finding the average
pi xel output value for a plurality of optically black
pi xels in the imager row. The average pixel out put
VaPL@ f odn tiether exemplary embodiment of the invention, an offset value for an

entire row of pixel outputs may be calculated by finding the average pixel output value for a
plurality of optically black pixels in the imager row. The average pixel output value for the
optically black pixel values may be refined by discarding pixel values outside a threshold
window and substituting the average pixel output value and calculate a new average pixel value.
Because the output from an optically black pixel represents signal-independent noise, the

negative average pixel output can be treated as an offset value.

[0011]  During image acquisition by the imager, noise in acquired images may be

reduced by summing a digitized pixel output value with its corresponding offset value.



optically black pixel values may be refined by

di scardi ng pi xel val ues outside a threshold w ndow and
weubsta1s9sti ng t he average pi xel output val ue ardT/US2006/028129

cal cul ate a new average pi xel val ue. Because the

output froman optically black pixel represents

|.gnal - i ndependent . noi t he negative.avera I xe .
Caloufgfifth 5t o FREBESR e e oiee yaligy g pe faligledtage Bie'st paralie input
arithmeHé iiddn hd¥agRsacqui sition by the imager, noise in

acquired i mages may be reduced by sunming a digitized
pi xel output value with its corresgondi n%goffset

val ue. Cal cul BRGF BESCRETHON Qf I3 PR AWV GSof f set

values may be facilitated by the use of parallel input

' net i : . | | THE .. .
oo BogTafotfRat S Kl am ki <y i iauon gt become
more dpparent #smahe ddigilddieetriptivn ofickémplaposebdiments pRaididibelow with
fromthe detail ed description of exenplary enbodi nents
referenge 4Q theagcyBPHWInG drRWIES &} Which: t o t he acconpanyi ng
drawi ngs in which: [0013] FIG 1 is a block diagram of

j.or j magi.ng systemthat shaws the effects_ of
YN paﬁér hisieriogk %ﬁ_graﬂi Qflﬁda@rm%g@g&ywnﬂﬁg shows the effects
of fixedYabt&mnoi LVt iflaGe F?ocbée@b% t sidh@gram of a prior

art imging systemithat sho e effects of row wse
noi se on an inmage processed by the system [0015] FI G
J0DB4la DIFIGK2 thi sAgockndiagram ¢ffa pfor arttim@hoR siystemahat shows the effects
[0016]. FIG 4 is a block diagramof a CMOS i nager

of TOWAKige RefSH 91 A IBALCINRrRSPOSBY BABGWF Aent of the present
invention; [0017] FIG 5 is a block diagram

strathkng. t ry require f. storing pixel
g?pggt vg?%'glsgﬁgag‘?ggé%{nooﬁr? @%%@P& BHE8di ment  of
the present invention; [0018] FIGS. 6A and 6B are
oo di 8RB aBlock @againl &fla CVMDE indigbt AV¥Bidifg RAbxemplary
circuit with arithpetic mean units, according to an
embodgnenief thopreseBbaivARiAD; of t he present invention; [0019]
FIG 7 is a block diagram denonstrating a nethod of

G0 BL KRS ia b 5 BB et AR g ofsoring

pixel o€ vanes a&dorfify ek &fbmplary embodiment of the present invention;

[0018] FIGS. 6A and 6B are block diagrams of a parallel input arithmetic mean
circuit with arithmetic mean units, according to an exemplary embodiment of the present

invention,;

[0019]  FIG. 7 is a block diagram demonstrating a method of calculating a multi-
frame noise-tolerant average pixel output value according to an exemplary embodiment of the

present invention;

[0020]  FIG. 8 is a block diagram demonstrating how a parallel input arithmetic mean
circuit is used by the method of FIG. 7, according to an exemplary embodiment of the present

invention;



[0020] FIG 8 is a block diagram denonstrati ng how a
parallel input arithnmetic nmean circuit is used by the

wortdtad3si FIG 7, according to an exenpl ary eprbodiSnmnn28129
of the present invention;[0021] FIG 9 is a flowchart
of the steps of a noise reduction process, according
enbodi nents of the present

t descri bed exenpl ar .
i ﬁ@@?ﬂﬁi on,Fférn%FS Bt O borstensof 3 gise & uglioRPIeesss aggording to

5 ' - exenn| enmbodi nent
the d%%%ﬁi%@ﬁﬁ%%%ﬁﬁ%n%ﬁﬁﬁ%e ESCRIPTI ON OF THE
I NVENTI ON [ 0023] The present invention is now
dd8922]1bedFIG 1ifds e bihekalidgrav tolff a pespssot systenv acdopdiag to an exemplary
boke I? enbodi nents. This is for conveni ence only
em Ogﬁﬂer}ﬁg ﬁ%tpr?sﬁf“elﬂ?ﬂ % |init the application of the
present invention. Mreover, the present invention can

be i npl eneng%f [ k‘.f@f ”FH@HQV?:‘N
conbi nation't é%%g?gggg?s nlgbv\%@g oné o oTrEi nary
skill in the art. [0024] In an enbodi ment of the

presx)t | Thepleban invepliGeismeduddstriieddahideé aéthid Rvith respect to various
pr ocesses are applied to row by-row parallel colum

exemplagpembriingpts. fpisdAs For cppenionag enlyand of not trendedda gt e

. C | .
oo BB EAELLRac 100, A00RE0 S5RGRpEE L oo wing
sofiwhtechpilwete ayahp admbinpOQ? therdlé heiskinogn novnd of drifdaryskik in the art.

CMCS i mager 400 constructed in accordance with an

enbodi nent of the invention includes a pixel array

410, a set of analog-to-digital converters (ADCs) 420,

and a_set_of readout buffers 430. The pixel array 410 .
i 0@ ani bem quphodimprgiof dhe rreseahinyentivg, woips sedpctiangplibration

proce%%&? S%In ai@&}ie@foﬁ%%.— r-g)tv?g&taﬁ‘él Q%l%ﬁg%licﬁﬁg)ﬂ ﬁ&nA%(éMC?S image sensor.

se cali n area I OW Wi
The resalts bf theinoise acdmatidi FalibPitioal procesypd tage ftorednfdrtsabitguentedpplication to a
. o{aunns of. .pi xel arr 410 are digitized by the
Senal(éﬁ SPFEP OABPIEI GU then tenporarily held by the
readout buffers 430. Simlar to the CMOS i mager of

F , the.digitized. pixel uts f all col yms of i
5057y Reitindoiont G iubL Are GRS i fase T Senstrb Sty ancgrdance with

an enh88inkino Pths SivetiotiRcRidSd A BAR 4 418NE s@lolf aRd1b 8Yo-BRMNEI converters
are read-out in a row by-row fashion. In addition,

(ADGsbf 2% apd dgeli oA gegdoxetuffers 43 sTheriskl edy 40 ismyganized into N pixel
|l brat ] [ ss_are stored in nmenory 460, and the .
ootunf eh Yk 2Pk “ERE5E e 30 Bl AR5 4 PR cblton-wie
calibrafapaed 4 Vearl X@w-GieRdlibration SiRL U7, PirtPoiahits &dhihe N pixel
roduced
columr;r)ls of pixel array 410 are digitized by the parallel ADCs 420, and then temporarily held by
the readout buffers 430. Similar to the CMOS imager of FIG. 3, the digitized pixel outputs for

all columns of an array row are transferred from the readout buffers 430 via a serial data stream
440, and all array rows are read-out in a row-by-row fashion. In addition, noise reducing pixel
offsets produced during a calibration process are stored in memory 460 and the stored offsets are
combined in combiner 455 with respective pixel outputs in serial data stream 440 produced
during an image acquisition and readout. By generating and storing noise-reducing offsets

through parallel analysis of pixel outputs during a calibration period rather than calculating them
' from the serial data stream 440, more pixel outputs are analyzed in a given period of time and

noise-reducing offsets are generated more rapidly. In addition, as explained more fully below, a
' 5



during an image acquisition and readout. By generating

and storing noise-reducing offsets through parall el
waned7yessiof pi xel outputs during a calibrati oRCpEISR@E/028129

rather than calculating themfromthe serial data

stream 440, nore pixel outputs are analyzed in a given

period of tinme and noi se-reducing offsets are

reducegepupharof magary PEp pis tpquired fadertsetiseh yaluss reduaing thereguired

y, reduced nunber of nmenory bits are
Capacitgg(triorfgge&é\fraggtori ng offset val ues, reducing the
requi red capacity for offset storage. [0026]

GEO(R6Rt | oGemratidmeofrilnd sa@sa-edudng gffsdts semplansented via a column-wise

i npl enented via_.a colum-w se of fset l'i bration, .
offset g FRORBSAUA (32 PO PoRe COFSHop ot o hedppiscpdncing
offsety BEREatE LV HNHIR %@%@iﬂgﬂgggéﬁ&ﬁo%15&?50?51%%&&5@&% Mse

actor gener at or are stored inh a nol se
reductiatmetmiognbloekdé Bhaowdkised®Guciiig effsats stered dul thel nogseatdiwtips memory

red | he noj se reducti.o ry bl ock, 460. ar,e
bloolk fuecapblied 5 Btistls orBOHBATEY NG cruritela e i ia stspm 440
during A€inR@ith@der dpéatisdst eam 440 during normal i mager
operations. [0027] According to the exenplary

enbodi nent of the invention shown in FIG 4, the

g tio : - . - i . )
SRIROE LB R AR SR L baphSpou i 4
the genemgert of ¢atmgarwisahdibs-pdducing offdts 6cdued dirthgrihe oallbratioagsTa pixel
operations, or at_any time when the inmager may need )
array By, it BRager-olmager galiapianaortns bsfore Bpranal iaessE PREFatienss % & any time

when R BREXTRAY ORIE Y 8RR YhdGerRrieh OF 8hSSrddudit ool d
[

or voltage signal to the colum-w se ca ation area
accomplishedtyeappbying e defersher bght sighalgirtvolibgmagnalty thoeohmn-wise
calibr%io%ga%{aiaeﬁlg{_ L’ngfet %P%ﬁgfﬁ Eeﬁ%rgr?%j}ng&g siglgalg%érl l:}egagsli g:i?ag %ﬁ?tjlelcggé the absence of
any in€deBi 024 | of@bihe Je réBRhtSFITEIRIPBRELIMR! A $ivEIRAhe anlied

may be a known voltage applied internally to the pixe
referepge wpjtaga eignalimay ba 3 iepwiheoltagp pprlieditefierngtly do thegieel array 410,

_ ) . N b S iy
i 5L R8T T O A 03 ISP
severdl sorad bfthe pixal adaynel; tHehacladgiewefusidily iptake] near thryed4dddof the pixel

he col unm-w se offset_calibration nodul e 452 reads _ .
array iU ctheplgnp-avipeaiiyet Péﬂ@l‘%twarﬁlﬁvée 11562fr@ﬁfg%%el|quws resulting from the

refereﬁé@lﬂ% _s%ﬁalv&lvto?\?%er § @Ein? ggﬁl‘iédqg e @urh-whilEalibration area 415.

col se ca ation a 415. The col umm-w se
The cofimmewise affsdicalibroiommddile 443 Peade tusV pixel dutpitx &dr a given row of

. ,autputs for.a given row. of pixels in increments o
pixels i plrerieni ot £ pPAGh et ikre P S a e nRahgan ronuit gl golumn-
wise dffsef QEbFRloH Mo M S£520 oy %karﬁ%lle,' Dot ddtainmg ub24 Al oﬁgats (or 1024

exanpl e, a row containing 1024 pixel outputs (or 1024

columns) could be read in 128 sets of eight if the column-wise offset calibration module only
had eight inputs (here, » would equal eight). An average pixel output is found for each set of n
pixel outputs (in the given example, each set of eight). Offset values for each of the » pixel
outputs are then calculated from the average. Each of the calculated offset values represent the
difference between one of the » pixel outputs and the corresponding average pixel output for the
respective set of # pixel outputs. This method of calculating offset values differs from typical

methods that determine the offset value in relation to the difference between a pixel output and

an expected pixel output (which refers to the pixel output that is expected for each pixel for a

6



colums) could be read in 128 sets of eight if the

columm-w se offset calibration nodule only had ei ght
wonprie3sshere, n woul d equal eight). An aver ageCpiusedo6/028129

output is found for each set of n pixel outputs (in

the given exanple, each set of eight). Ofset val ues

el each. of .the.n pixe tputs are then cal cul ated )

givenPlorccy siehal) Eé &St‘%ﬁéﬁh’afa%?ﬁ otiseivalies il referense o e guerage pixel
£ &iTfsebRiMesha) Bl dibreh abi BRSO ' :

outpuout pSut S aer?drﬁ?, he corr egh%grlléc%igng ‘averggoetﬁ%i&% S’gﬁ%}%%féﬁ‘%ornng

potentipldy lasgamiseliofetseiuesi(gmepsitocetvith uespert $o thehixpeatat pigel @itput) each

G ting offset val.ueg differs.fr typj cal net hods
requifffl e uBeR! BRpolfrtiche i Rl P repen e 452 stores
relativhly fiaalepixel OREeNRGcH gBhettled WhRncaNE Han f i

pi xel ogt put (whi chﬁrggiflers to thepe_pi xel %ut tt ar%pﬁxseloutputs),
each 1gqwiging o1y plowearmpbes iof slenfopy bidgy iredueingehemenyaequieyreats) . This is
d kS c ting offset values with reference to

emoﬁg&%@é?ggé, %%’@é‘%gbut put, offset values may be stored
using less menory. In other words, instead of storing
pORasY i al FIG. bakegengtiated the bitsiepthvraduiRd by BOAELMHS Lad M loRfset

re ct tg the e cted pixel output) each requiring a
memogy gﬁ%ﬁﬂﬂ% &1"‘2? 3 Wi Egthr‘ %P’?@l,tloflﬂém@mr Hi&8)end ﬂ@treguced offset
ichkiatd : . [ e ' sal ixel
e o) S e el iperfoh S AbbEl B oby Btfoutputs. m
the stagtlandradfsat memety techipques(blockadn), pixglibutpig fiont ¥ sét dfaWolumns (for

nunber of..menory bits,.reduci ng menory requirenents.
convelifies hoRl aneEiadinbe FiePratses SRR Viflogpsipertedpis] output

514, aflé 0B&spbadifS pixeEoifids A8 RABuLR Séﬂrsﬁpgﬁé%(&%%fé%ﬁcetmegveen each of

standard offset menory techniq
the 7 pigelpuiutoang the prngeted POCL OMPE 5B Byneay hiexaege enly, exemplary pixel

AN k.520) of e sen
oumut%g%ﬁhwg%ec%gégpeggﬁﬁ)g{ gizg%rp c%edﬁp;‘g&. gﬁbg@lg he gxample
valuestihélackan dasftseotdlaet foreaonrof s prxeRuge dadudakd dddtored in memory
blockgiof] ﬁut uts froma set of n_ columms _f.or o

3@& RRYED cYAR P merBoryl ket 2 18qwEss @ibitdepthaefat deashfive bits in
order 6 QFRBERG Hbhv Ak %Qﬁ%ﬁﬂh%&gﬂble%%@%g? éé’the %ri]ﬁlerence. In the

correspondi ng pi X sets are ca
examplesphewnithe pixet Yaduei rhfigr fora biley valaess RRUS50TA tdlibration reference

ot APy AL e 19, 0SS i b3St
value rBBmE¥PRGH e dHt X Rso QMR With?tﬁélilﬁ'ﬁﬁikddg ‘i’%ﬁ%%l?lg ek&ngllgﬁf u%igel output

Usi ng .t he exan&l e values in bloc , set
values pg used ambloek @ anussilsie block 560.c Hing|tizet exsmplaty pixet eatpitvalues, an

averagg?g}%? élé Il-lfr)\gélsfueg Ilts lgg%el%% %d gclfr\{gep sei? )égggixglsv gne(g‘?l% o?gﬁec% %ﬁlues for each
of the mpilet ottputs aey @lcddabd Rith sepestad e Reway ?&epdé]utf)ﬁ\‘.evalue 526. The

.&]os i bl e magni tude of the difference. In the exanples
resulti Qﬁﬁ?t Velhes P stored,inmaemaony Dok 1220 M tiergiven examples because the

averagé prkel $alidls| ARt tole hELA WG Gatue, a bit depth of only three bits is required to

store the pixel offset values.

[0029] FIG. 6A represents a block diagram of one of several column-wise offset
calibration circuits 605 which may be used in parallel in calibration module 452 for each of the
sets of n pixel outputs from readout buffer 430 (FIG. 4). In the circuit of FIG. 6A, a plurality of

arithmetic mean units 610 are used, each of which determines an average and an offset from the
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| evel 514 is set at about a value of 154. hi contrast,
bl ock 520 denonstrates the reduced of fset val ue nenory
woequringFent s associ ated with the invention. TReTAER®6/028129
exenpl ary pi xel output values are used in block 520 as
used in block 510. Using the exenplary pixel output
val ues, an average pi xel output value 526 is generated
averagecﬁor & pmr oftheof mpuqs |to<&1|esu,mta nthe trats td0fagearrarged es shicoyn with adders

c h of th t I
620 tor gﬁé‘%ﬁn %glquflé gﬁ)ﬁ pg aa%lteﬁvgfﬁlgg \l‘;gﬁﬁé’ @§%1 ouﬁHJés applied as
input £1§1§&!i big -ieab cﬁeiuu 865 ARk @86 alolnE wWIBY k3 dHseCalues for each of

. I'n the given exanpl e, because the average pi xel
the apph¢¢mgmaés &bmstbdt avapagens Oamuttﬁa@F%TQ(eIORSé\Wu eAs b@fmet arfor hurposes of

exarmge pEfY ¥ GUHIES e (Bpbing P e Bkt HigRhd Riders 620, then

input kS ANt hreARRPIMEEIES 2 aved MoEiBuebI®E&hown as signal DOUT
P %ﬁa |b;lﬁ%t}| on circuits 605 whi C%ffﬁ?x bg) used@’l n par aIgn )

and n ragueed mpmary effsehveluese(siem aotiswdeAFST 017he Bseause B Oﬁlumn-wme
offset g?lﬁgﬁﬁlé)nuﬁmgﬁﬁ_l? &I)ntgﬁs LS ?%%dt%rg,lbtﬂ cgl 1r11ét%8 ﬁ: !at%ahfle)s Oﬁggf()t h@FST7 are

generdiéd with&it@eBiye Aiﬁ@&mpﬁ@@ﬁhnoinﬂﬂhet@d‘lmdm ﬁht‘ﬂﬁm?s dapncted in FIG. 6B.
average and an offset from theaverage f cgf)al f of
The axgifgIch mepn Leit 640 OREIGHAR Quipyts the avretage 61 theraftsst fromdlgaverage of

r circuit 605,
two i AN A, el S PR RSB e bt
applied as input signals DINO - DEST7 to circuit 605
atOO@Ol putTl@&ﬁfsat—cmgﬂaﬁng”prmesedesoﬁb@bm Rig. Gesrepeated fgieach set of n

ppl i ed signals fromth a ut put s
pixel QyeayitiRPas usied R vnr S et 6 B PRt ELobY bk fypus. meme
event 2L ¥ eqihl ENUGHIS ofté Bftéuit 685, is H&Le@@ir? NAYtesibdivdlBdatie s¢tREAR pixel
units 610 and adders 620, the I nput pi xel outputs

outputgrveithin ares sambemuHindexgd tae éma]gec%mt 8050l gither ggmt, after an entire
[ n
TOW oﬁ ﬁ Iﬁﬁgg H%V\I%Q g!gen%gggfegi, %g%.? 5@%’% eogf;sggéea\ﬁtbﬁaft fof Fhodule 452 (of
FIG. 4o®¢1L1 avs\beputa¥ /e tragapixel aitpuwin anbNuwifietcwaica®i NS no
regi sters, the cal cul ated of fset val ues OFSTO - OFST7
ted wi.thoyt dela | e of

e for 18 atuitsh o s Tegebid QPRI at ro et e ot N i

greatefftah REBY, 'tlfenﬁﬁ@&rd%ﬁ‘ﬂ 605@11195t 8t u@d@gaﬁﬁn%&&]ﬁ%ﬂtﬂ%ﬂdﬁ ®f averaging in order
average and the offset fromth eavera% two inputs

to accqmtnf@r wwiajiorshRéveencha avm@etmmluoeltwtsaq aalmélet@mup@eql gutputs. Ina

seconﬁ? ﬁou,g.fi é? gggllﬁ% -1|1-I§ :argxoga{erZa L ]pgc? &ggﬁtt fgg ?acﬁgsgf:c?tsn g(r%? il %r%glgulated

averag¥ il BusbutP folgidD Fod ex BfleCisiex plafiicd abbte, ﬁ(ﬁﬁwﬁ Qx&ayeﬁhbre N equals
of n£|xel outguts i n the event that n equal s N,

1024 51%} ryeqyals vpeldiinitighprosalt iebSsavarage payel evtRutsi \T<151re§;e 128avgrage pixel
outpu? hn BE %1%1‘ é\%ra%eldt {fla{%gqop\ffdtrm & a%gﬂgﬁ%rhsﬁl% tﬂyl){l‘élﬂé 58 find 16

0oas I'n either
averagenjikdl@utputs (128 divided by n, where n equals eight). A third round would result in

ol

two average pixel outputs. A single average pixel output for the entire row of N pixel outputs
would be found during a fourth round of averaging. Offsets for each of the N pixel outputs are
calculated by summing the related offsets from each round of averaging. In this way, offsets for
each of the NV pixels represent the difference between the pixel output value and the average

output value for all N pixels in the row.



row of Vpixel outputs has been processed, the

colum-w se offset calibration nodule 452 (of FIG 4)
waoizbd7/0hzpse out put N n average pi xel outputs an8CNUS2006/028129

of fset values. [003 1] If the nunber of average pixe

outputs per rowis nore than one (if Nn is greater

than one), then the circuit 605 nust be used again in
f [PO3Mr r Bacruse e offsetrcatputeging mrQne@EedeSGmbedomdurﬁferbme to FIG. 6A.is

repea&e@.ttjmbeac (33211 p%eitot}h{ugs w\f Gt a g%migrl p%ﬁgﬁéjgtg?n ofr esgrgr row in the

colunB¥-RiRbaibrati6n ardY 21 AGA o@fs&e&am% Ptind 'fOr evRAEPixEEih tRé c61umn—w1se
previ ously cal cul at ‘ed average pixel outputs is found

calibrpiden arzadpd.eln (ﬁberemrdauen@uccdm & tha apyay i asseaiatyd whidras many offset

value% %%%ef/eeq}géd' s‘éﬂglée coq%%ﬁf §e ca\?ﬁgaléfén If%t%gl %w%%a%et&ou?nn offset

value @3/ fouutl Frog@the Relchteddgfse® e agle Golufnang Gecdtore@ unheiory 460.
averagi ng using the circuit 605 to find 16 average

Sincedpwed biis rpragyired potere therdfebyalves rafseansedhtos ayleage, memory 460 can
r
v S8 b M AL UM B o | BRI 80
entire row of N pixel outputs would be found during a
f 00330 r 0Onck thé offsatvalyien gre oﬁrcﬁhﬁidsacﬁmﬂngao theoprotdse dbcribed
abovegfl?egclgfsgtu xtrf ol Sné%rcl}ee 1?8%{5 Cltfgrle %ce d lirgxg:énﬂn%:] f Y rrgﬁal,ggt Oqlt operations,

dlgltligdf p%%l%uﬁﬁfs B A sepibl &eﬁ'e?stNeaﬁi XR) R FRD r4§ %Sﬁ'ttalnt xﬁﬁse The noise may be

ference between the pixel output value and t
reducgd/by suypming gaoh ovightpixélomalus withrie pmeé’ts sorrespoh@ng average column

[0032 Becaus aIcuI proce

oftsety 3k SRR R epe (e 3 P IpEEERE pppumn-vise

variatag in el @ftpit valweehreGuiodtHed okt dll N caluhﬁiélof pﬁ@l b@pert ed
again for every rowin the colum-w se calibration

area 415, an offset value is found for every pixel in
t K031 unte Frssee 1l nikela frosydifferent s of rhe BEdyere Fppethed

consﬁ@?c@fe ARl rH didk dohie tﬁfnr RIS 458 (P'I@t ?Qu&ﬁ i3 W¥cond

es as there are ro um-w se
embodialdnb Dﬁﬂhe onveatiema Rdfén‘ingragai\nfto 5@@ 4:, cb]hanmw wdifes@trrectibmenodule 454

is foynd fr the cal cul % Pffs ts for agp ol unm
acts t%%%llef#%ﬂméﬁ B IAVARIE P?ft galues; ;o accopyplish s, dhegoy noise
corredtRAh SR 454 I%E&H Iﬁxél Rtk El%ﬁéls ¥abiHSE g BR IR wWIR e%ﬁbratlon area

average, nmenory 460 can have snaller capacity than if

417. &he pieels inhe rgwtweisaralddationaread ¥7 ave dpticeelly béask @ixald, meaning that the
3 { f | ues | c ed acc rdln
pixelsf oo REE shlialed W Al i35 BBl b SO o8 R e

pixel bﬁpﬂﬁ@@aﬂ@frélﬁ dlhleqﬁxﬁ@ i 8 9y S sl B eatiobMafdant 7Ireh@Sant signal-
oper at i,.ons itized glxel outputs in the serial data

indep@idemnhRion 049( 6 Fsis Tepd-epiem fhapixelearrayd O pixeloutn) sigaals from
plxelsrp \Iﬁf)i(’lﬁifi?ge 1R HETTL “%a@cﬁfﬁ}eé)ﬂf?pwe %:Iu)f & Y AW Bl LBk &fon module 454

s correspondi ng average C
in increments of n output signals. For each set of n output signals, an average output signal is

calculated. The calculation of average output signals from the row-wise calibration area 417 can
be accomplished using the same circuit as used for the column-wise calibration module 452,
shown in FIG. 6A. For example, using the circuit of FIG. 6A, the row noise correction module
454 calculates the average of the n pixel outputs from a row of pixels within the row-wise
calibration area 417. If the number of pixels within the row-wise calibration area 417 is greater

than n, the circuit of FIG. 6A is used repeatedly until an average pixel output value has been

9



of fset value in conbining circuit 455 (FIG 4). hi

this way, hardware-caused, colum-w se variations in
woinEo189s1 put val ues are snoot hed over all N cetums006/028129

pi xel outputs. [0034] To ensure that pixels from

different rows of the array are snoothed consistently,

the row noise correction nodule 454 (of FIG 4) may be

found fog the) gntize ropeefnixepiahintafovsvisafa lbm«len fregrft17. Because the
calcuﬁ?%ie{vrefagg i@;ﬂ@%eﬂts s‘fgngf-ﬁgr %géﬂggmgsg V\fthg l‘a}élrﬁglnfe(ara%&%é ggcel output can

be used dss@t ofikat valge fo'F(Dheale&pmtﬁ'e wiw dfipisel outprity. dw redics noise, each pixel
correction_nodul e 454 reads pixel output S|?nals
outpub i yravaisiTagiced Sinthaaneunhoiihs éoré%ﬁppaﬁhag icalgulicd avarege pixel output or
AF calibration area 417 are
Offseto%&}j?éeﬁ%wg ctﬁlﬂgrlag%}%@am ng that the pixels in the
row-w se calibration area 417 are not exposed to a
| i[g0R5]s ouTheavetaging prosess ufilizdidbytha edw aoisp norraitign abslule 454

o g B3 R Lo o
454 id ﬁﬂ(ﬂm@&l{ty uflﬂl@ﬁb&d"%/ ﬁi'xéledutﬁ‘\fti @J.‘zit ok 51gﬁiﬁ&§htl§3 Hbﬁluthe average pixel

signal s frompixels wthin the roww se calibratio
outpup geangrpw-wise offsplusalquintiohe Feosyample avhen ﬂlsmgtan@lnemgmglca‘cult such as

454 i.n,incr of n ut put each.
that demomtr&tcid 1&1‘3&9 Fé if Qne g le P B é’éx% 8\’%&? aiklegs g{mesl: ggmf%antly é‘om the
remaifRigGA) Etxeﬂoutmevam QaHt adlbante@ bvay @S Figel Auhi? r tBAGBESS: pixel
fromthe roww se calibration area 417 can be

outpuisds shifed gnibg dugtptrf»gl affflee mlw nixqlioutpas velyedTe groidie described
noise- E%Lﬁég@hl\fﬂ ?Aethep %e%ﬁ e‘f@ CUI l?e Af5r12s'§ @9@% 5 %ﬁ‘lergﬁod(sd%“reﬁmng the

exanpl e
calcula@kisaeeuage peel omutmawals 2 urksdhmtﬁb ee,doaﬂ esibblieneay ef the énv@htion.

|er out s froma, row, of e

Refingiarii aragh Pl WP s drernined S iabingea! Torltpieuprages of
pixel Mtbﬁ'ﬂs Nwhd18 tHOVHIWs D€ phidl 6@%&5 el s?g%%aﬂ@ﬂm‘s@a&&%ﬁ&&ﬁ with the most

han n, the circuit of Fl 6A I s used repeat edl
recenﬁlm@alq:ulatnd swvevdseavsiagelpixeliowott. val ue has beenf ound for

the entire row of pixels within the r0W-W| se
at [ r e t

pdr?’g ent@ﬁs ?g(%%oﬁlgt%aéeesper(r‘?g%&sen%%g 'gt% & cas)g ythe row

noise amesroalgﬁ npdadd 4BEARIG. 4,30 ab@rdised wah thasebhd eﬁlbtd(ﬁhiéﬁt of the

inven{i,gg}r S]Iéﬂ;f e pgg&é‘}/e%ﬁrgﬁp\gm op&lué%lr?ol\%%%]gglfa%glfgg@ ;ggtucgfﬁ@lxel outputs
from ;9 iy 6f pikBo 'u@ﬂl GR &l’ﬂu?ttd%?crgt}éa rvﬂﬁ?re@érérﬁje to FIG. 6A.

t
ut or  of fse ﬁrom W-Wlse ca tion
In thlsmli'e, and b3 vEly o'lfhaarapbroagr ngtgqnn@qws eight pikelehtits (shewn aywignals

h
D07 e B T S RRALES B8 et g s v

of 4, DPh&Es ¢4d €46, ARd SPRhe B%'éﬂlsb $hed@pixdNGtHbs bR fdth %ﬁﬁgally black
by pi xel out puts that vary signi f| cantly fromt
pixelsaitheipd oplipxts|are significantly less than the outputs generated durmg the column-wise

calibration process. The calculated average pixel output 712 of the pixel outputs DO0-7 is
generated using a circuit such as that demonstrated in FIG. 6A. Using the example pixel output
values DO-7 of block 710 for one set of n pixels, the calculated average pixel output 712 is
determined to be 46. In block 710, pixel output DO is identified as varying from the calculated
average pixel output 712 in excess of a predetermined noise threshold 714. Here, by way of

example only, the predetermined noise threshold has been set at 23, meaning that any pixel
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out put during roww se offset cal cul ation. For

exanpl e, when using an averaging circuit such as that
wdeorngtasated in FIG 6A, if one of the n pi xebPCowsSpues/028129

val ues varies significantly fromthe remaining n-1

pi xel output val ues, the cal cul ated average pi xel

outprfi e nes i 223 5 e SeElokeiSgroft RBFT S deadgetifires a pixe
outpud vAihkxcbRivaRidel PREoMIRISHE if Sfc%f fftefihé fhte a'vgragg ?it%}é&%tﬁ&?the value

.pixel output value of a'set of n pixels,
of pixeb ppipnhg0 ih blogk 2@ issrteeual/tortagprepionly coletiatetd avatage pixies output 712

ed. i n .the ond,_enbodinent . o e i.nventjon.
for 38 piblF, TR0 ST RBE IR broth rof e R4Ee b idcin blook 720,
a nevbyvetdpe pidet oUguoT27MlchichlaRdFYEh8I8DrHipiRdIX ek P Sulated example
where the values of pixel outputs with significant

valueqgp keAgeeondairel @stpuiD s lse identified ascapixeloutmit vatyingdgnificantly

i i xel out 0036), FLG 7 .
fom 240 SRS R ) DL s he i Bl eyl o
D5 artiycal dugatedav efapieixet 0fpac 11206k cBaidUhepé8de@tin€d foisdihrdsfold 724.

ccordance with the second enbodi nent of the
Accoﬁfﬂﬂg}ﬁtmé k730 pfrodle Rixehenipus Dihasd dfearpissted egial e vaiueof the

previélél}ﬁ@all&fﬂt@ﬂ ?‘%6%%?31&62 Stﬁg}liﬂ ?20 ofﬂ & lsr—:tcféiI %&ﬁjatl 3 t1 ;t 8??‘?18 Sif {:alculated

plurality o a row, usrng
averagiepizel gphtw2eh Ushethescsev valbidsa nbw.avemg pixsl aape,73ans
ual s ei ght, pixel

P i s
value Ythd PseviMisl§ clﬂﬁcdlatgcgl éﬁra%;ﬂiﬁél toﬁ'gﬁ'i. €or %lgfgg :otﬂgzg&dfisg,)étﬂ%{o%ess

i as_a value of has a val ue o
continfugs piil thwe ateseo pikelsielysk iethe settrpehish akeeefl tionmaigt thesshdiyd based on

I I.xel t he pj utputs are significantly |ess )
the log? B RS e g PhiaFtc, 21t At Eed B pirumesiied onfput 752 in
block G480 idusaidul a6d, fiose e osphcrya N8 i i -

out put 712 of theﬁ%ie}(j:el_ gutt9 uts Sg%fﬂll S lﬁgﬁle}fréa%glaeaverageplxel
Outpuhi‘%?fﬂgf block TAQuilt anyi riherpixel ﬁﬂ&’u@éwd@gmed@@ eipmedete@migA, noise

i t [ I 7 _of bl oc
e e B e o h o AR 8l b St @ 4 e

previogslyehlcolatqlave#ER pixel oetpetr mi ned to be 46. In block 710,
pi xel output DO's identified as varying fromthe

PR o RO B P PR 4 Fop oty lgigme-clapsed

averag@ ke oatpanisietdrieheB TOAQICR 581 dF8Di 0 IofButsth 838 D BRvs of the row-
been set at 23, neaning that any pixeloutput that 1s

noise q%lprqﬁopmq@ 4215 (Qf Fhd).c wir e admivesfagepyts pelrowiin the row-wise
calibraé%aﬁ S?}eesa ﬂ@ee[:}%%éd'ﬁ gﬁryﬁﬁllpﬁe %ﬁ% ot? = te&gﬁgvﬁ\%}qgﬁ & %\%&%&\&2 FIG. 7 and the

ccor di
circuitmit FéG. @Atrgsults irt DsinglanuBeableRink Slerapetppitl oftpt for BhAClow.

Si .20 1S set eq#tﬁl to the previously cal culated average
ignifigpntaoiss, prgisehat exgeeds Hae predebermanedyiotss threstyld deviels, istrioe

considglieggls h%e%ldﬁlﬂoﬁ%lf tlYe%tQ/e%aﬁe Bﬁépgﬁgu{ "R [Eﬂlsd' Wta}g, r%év’—vv{sg offsets are
generated and may be stored in the memory 460. Once the row-wise offset values are
calculated, the offset values may be used to reduce row-wise noise in the same manner that
column-wise offsets were used, as described above. During read-out operations, noise in the
digitized pixel outputs in the serial data stream 440 (of FIG. 4) may be reduced by decreasing

each output pixel value in a row by the value of the pixel’s corresponding average row-wise

11



a new average pixel output 722 is calculated for the

set of n pixels - the new cal cul ated exanple value is
wo2007A138cond pi xel output D5 is also identifiedras26/028129

pi xel output varying significantly fromthe new

cal cul at ed average pi xel output 722, wherein the

o s T DA RO BB s i it ot
valuee@feSsendd‘eﬁe‘anv&ﬂl?%og@ﬁf;%d'?ﬂ&'.y, in block 730, both

pi xel outputs DCand re Set to equal the val ue of

the previ ouslgf cal cul ated average pixel output 722
( ﬂ@?&]ar eFKat8 degnangirafes &blockidéngyan o€ a obiseddlerinatimg-elapse

overs 98 R0 ALl 2R nbS SRRET AL Yo 55102, oo e
tolerapt tite fap® B dragies cidailii 800t Reepiend Mpeadisidzed pitePYRHRGRmals 810 for
pi xel output is equal in value to the previously o
a set 1 of Rigrela o€ A rey di higaopiwiss calibrasion arqy 415h akhege @neraeﬂwlah@, of circuits
. L el va .
500 SRR E 15 UR IR B Nl S B BIG BB pation ara

417. tAlterdatistly caleatifcait 800 magba@eed ad whichhasddach sdi oﬂﬁ‘;%jﬁels in a row are
ut 752 in block 750

.occur.s, when,t ayerage pi xel, out (
eSS YO oL 05 xSl output 62 1 ook 760
o1 e ]. . i . . « e,
s T e
pixel putpuietigratd $lddnpidite eirclit 83hark dedediddias iidt by78luralds of input selectors

520 e P Pl B NSRS S b pen o

to an &ffraing SEcufES3006LicBROWR ditduft képresénted if BIGNEA. The output signals of the
noi se-tol erant time-elapsed average pixel output s

averagipg ereHihY) inplude apinrality obpifeet gigrals Sdtapdes averagapinelafutput signal
: Q ] ' tion. ar 417 (of ELG

16, 0SB S8 L UPLER P

predetermined aeise trédhohl hasbeat eaecdded. EXtbe egssivld HUxtbddled by an offset

. rQuynds of averaging usjng the nmethod of FIG 7 and the
signal §1d e tsrresmeetivesmputaelortos 576, isgekioriglest theiagerage pixehontput signal

816 aPMEIMB@STOP FtEe QbR of tﬁ% n6R¢ pe&fggl*ﬂg r%ﬁ%]%gge%{) i@%@onﬂgj, Fdspective

or noi se that exceeds the predete
adders $ix0emhphldo beveiveiedii thedhrestwiid istacemed by bhefisel sigdah814nThe

opiony SRR848 S5 Bl B B A B o i
830 with@he ¢3teeEpdrlieng IvelioSBet fdnES 18V ah WES walCo etk ¢hhad K¢ high-noise
the offset values may be used to reducé row w se nol se

pixel quipyts may hgerheraiyrcalchlatedand staredwvbie sl using theenrecass effFIG. 7 to
. ' i read- qut .opgerati ops, noi s ;

o {1ER6EPREF R0 e e o P8 B BBCAPIS PP Bucion

moduls 806 d&nmiséd On fepbatbd {Eeraddnsmyil He @6l aRAadpilETBAR I8NY and the

calculated average pixel output 816 are found to be equal by comparator 870.

[0039] In a third embodiment of the invention, the column-wise calibration module
452 of the first embodiment and the row noise correction module 454 of the second embodiment
are used together to provide two offsets for each pixel in the active area 412 of the pixel array
410. An advantage of the third embodiment of the invention, in addition to using two offset
values for each pixel to thus smooth image output in both dimensions of the pixel array, is that

both the column-wise offset calibration module 452 (of FIG. 4) and the row noise correction
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each out put pixel value in a row by the value of the

pi xel's correspondi ng average row w seof fset val ue via
woaodrionsasg circuit 455 (FIG 4). In this way, POTSR®E/028129

variations in pixel output values are snoothed over

all rows of pixel outputs. [003 8 FIG 8 denonstrates

a bl ock-di agram of a noise-tolerant tine-elapse

modulpVAShdof Fg. d) caitilize 0l sams! cinenitshow ELG. 64, And tws the circuit area
reauirhf bl B o it it usedo g BE g R D

calculfhic }Iﬁﬂoé&GesFHcl(ﬁ;BoM%PHbf paranallpixe? bAtphey! oversitalbulafion times are
pi xe arowinthe rowwse calibration area 417.

reduceldh ehdditpnally, lpﬁcaus&mfttl}e %mpbmtmﬁ the cigput used pessidn dddigonal error-
o)
ook oI RlgP tufo Iy SRR O sbes o
simplifiedcui t 800 may be used, in which case each set of n
pixels in aroware nmultiplexed into circuit 800 and

processed Addi ti gnal | i f there are nly n pixels
pE040hy \Referring paan ﬁ%ﬁf@m% encefhe Efsgtivahies ?r@acaﬁvfbateq figng the
refine@ Hta O or ﬁ'sétcdf'pgx %in b tAEFSS A the ] b @iet 'vé ﬁgs ﬁb §§)|red in the
outpu signal s 810 I'nput to circuit 800 are se
memoas 46t ptrity aciugd hmagd aCleSIbIan thp storesiod fifset valses326 smhmsé with the

coresp e RSP LG Abst L inG STHL e BB 020 B ey aiengn

circuit 830, such as the circuit represented in FIG

6fp04The qutp9ts STeRHast b HEIBVBE 8@pOEF Gk HigH émBatfiment of the
include a plurality of offset signals 814 and an

inventiye padescpbsdetbogert fialky; g d@tm@lll@tlonwféﬂhﬁth@é’@lﬂsfﬁgmpéthe imager is
s B2 RO SR OB 2 R AL BCA o on,

when tHe dpbeitinp heslboff thelimagerdae dethgby, @@ Ima@'f Hegreifosmehad dBirdd. If it is
then the respective inp sel ect or 0 is set to
deterngigethat gakibratipg 1SBRECHPRe Hlea @trff}fengP 2_:}& | orgypHagessighpl isaplied to the

; t f
colun%%ﬁﬂs% E&%ﬂﬁ%ﬂdﬂfﬁéﬁ? g{?e?@x@laaé%gsgf&glég ?ix@g%lgﬁlﬁg aretfién digitized,

includangg the atetioutbuts fiwnt e eshoinghe solemoeeﬁe dalfbyatzom apéd ©dack 915). In

vlock D & ¥ eciiiie e T loofher ient BEHS SEoURPRaIPRERPRpPticd. I

colum®lwigsl bffsdisd e Wb b&détbrgnif&Y, HRSIMEHh-REssSdafibREiof id¥Rile reads n of the
signal 818. hi this way, offset values for high-noise

digitizg{l mel outpplgifonniy cobinspwise salibrptiomirew (leded2hd Frare thage 7 pixel
AN |

oupull 8Bl st Sy P8 hls §1phik P G v

offset Rhigbs ﬁt@lcﬁl@ulaﬂaﬂe Aﬂdutﬁmd ahgmbd pixeh@mdpute iBAthE sartis ﬁﬁbv bfithe

repeated iterations until st or.ed verage pi xel
columgryise caliraiionfiea He alsq Pyt & e@w %@v Eﬁ’ ly@n-wise paltbraian modules
or are %Llﬁtlé}gk%@ngpa 868 g?ﬁnl;]lb%ls% \Qléggﬁ{ltg%n%oﬁxgg c%& Stgnr;h_%v]vmclg élsﬁlg the
columaatisé c&ithraxmnrmoﬂlﬂe(s) an average column signal output value is determined for

each row of pixels in the column-wise calibration area 415. Individual pixel offsets measured in
relation to a corresponding average column signal output value are also determined for each
pixel in the colummn-wise calibration area 415. An average column offset is found for each
column in the multiple rows within the column-wise calibration area. Thus, a column offset
value for each column in the array is determined. Column offsets are stored after calculation
(block 935).
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452 of the first enbodi nent and the row noise

correction nodul e 454 of the second enbodi nent are
woger/oisget her to provide two offsets for eachppraskoosn28129

the active area 412 of the pixel array 410. An

advant age of the third enbodi nent of the invention, in

addition to using two offset values for each pixel to

t 10424 mo oWhien pixgds foern lag rownwise chlitdathemaried are rofd-outean average pixel

outpuR i EapiEioh O SO et ol el SRLRS Pt g avea 417 i
deterfaftietl €6ToLI00TM dktloB ol 8 Aoistol Tk, tithe e%le b drhdiR @ pFddBssSRMR the same

circuit shown in FIG 6A , and thus the circuit area
basic erifmatiednday cirnuit asedse gersatting the palamprogfsetsedeesi The negative value of

reduce ause the cal cul.ati.on .
the oo Huk R TR oufpd o PR 3 cPert luet o el imthe
row-vel¥€ Edibrationl agddl A7 08 olbt!idmi} bRICR. Aesiumeed ARbAfE® Ralluk ¥s stored (block
because of the SInE|ICIt of the circuit used possible

935) andthen bothithesiomor e ealheidihe stores sl edeqt vgluss afsapplied to the

pixel Uﬁlﬁg S. r?adt (E}ﬁ ﬁ%@gﬂ% %g?pggl(g]}ﬁg %‘%@?CE ??ﬁ%r §f§ej‘ aﬁéﬁ&tlo{l of the offsets

to a rof b pixelaltpies the sext adw id @b dutf famthicheraye fOmedigaives aye offset value

) for set of pixels n, both the row and the col um

is calggyted fm%w@ésm@rtg%wb & newly-relcwiated rgw Abiset IR gfored column

o e B D Bl O uris EE LS Soffifues ntil

all rowh &opethe pixelatay Istve baen #dd-ofip endairee offed vatuednas bed@ehldulated for
Fl G i S. rt su izing the steps of the

each oy W&R%ﬁ%a.a??&ﬁ c??tl}ar?éT mﬁ@@nt ion, as described above.
Initially, a determnation of whether calibration of

t 1804380 EBedafisd 1B6 esle@ated OSRets Blag bk aBfRgd toGalachiiedd iefage during
IS necessary when the imager has first been turned on,

calibrgfieih th@r@%@réﬁsmb?@cmféw@fprw&s ma% he psedeponepasilyfor @y or all

imag o{ﬂ? g&%rﬂf‘eq nd ﬁﬁd)geF d%ltéﬁlaﬁ‘}el Sthéj@igfse& %lﬂﬁfar'é Rfked and may
CAlTbrati 6n TS ne essar ‘erenc or

be usadbintaaga-@ilibradbn nsda pyleratnl tHedmb feis @odwirad- (Mo&k 945) the resulting pixel

mgnal%%%e: ilrgﬁllzl (8 aaéar e émgiﬁlgqﬁx% e{hpggoré%}/ r b!%qod&gqh%ég pﬁféets are applied to
corredibbﬁ@ihg BieRUbRck @95‘)\} hﬁm@@ﬂﬁhb Qc&tﬁ‘x%d% Hﬁns Wii8€ed by summing a pixel
calibration area (b . In bloc a deci sion
offsetjvalueawiith essh corredpooding ylpgtlzﬁi p@feﬂ Qeﬁpusshgmld hbéle fgsisurhediment of
W se

the infBflgP i afbtisario B3RO E 0l Wl Sebi St arssppotyng n the

acquifefl itnagesd |’l§llk3tcbmﬁl-ﬁ'is>é%h10©ﬂﬁﬂ%ﬁ% an firfRtiaherenat SMAe WiniMation of pixel
calibration area (bl ock 920). Fromthose n pixel
offsetgiglysadth thppizelauips. plndae sesgndembedimentef the piveation, acquired
n f t
imagdl il Exfipl ol Sy St Maba dnk Ar RO GhAls B A eulipH a8
determination sf ddiseatoldiat aaeregd mw gikeltdueput values, thus making the results of pixel

offset calculation more uniform across the rows of the imager array. In the third embodiment of

the invention, acquired images will exhibit both row-wise and column-wise smoothing.

[0044]  Although an exemplary embodiment of the invention has been shown, a
person of ordinary skill in the art would recognize that the invention is not limited to a hardware
implementation. The invention may be implemented in either hardware, software or any

combination thereof.
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colum-w se calibration area are also input to either
addi tional colum-w se calibration nodules or are
woubdaziopbssxed i nto a single colum-w se cal i br aPCOMWS2006/028129
nodul e. By iteratively using the colum-w se
cali bration nodul e(s), an average col unm signal output
value is determ ned for each row of pixels in the
c fa0dh- wi & éypicel pracetspobesed estend 5000, mehiah indlaiegy €MOS imager
. O ts. measured. in relation to a correspondin .
devie 3D Findy el e linda pireaanae i S ERES T Efhuedposaing to the

preserft HveRBEAisRII¥® atddIn TG, B0 AlBRsMBEbERY is?éi@hiié)ékeﬂ{;ﬂﬁ?/ of a system
415. An average colum offset is found for each colum

having digithlecireults which couldsndliidenCMQShanagst deicasi JEithout being limiting, such

calihration area. Thus a col um_off val ue.far .
w syst G bl oA g e R e el o Palloigh gem.
vehicl® Tn%i?&’tid‘hf dy8fent; Hdeb kalépRfe, (saheelkan88 5)stdnf) Q] fo¥¥iedystem, star tracker

pi xel's fromthe roww se calibration area are | L
systen, gaeticm detectian ayateragmape stebiligatiquuystesrand aiher igaging applirations.

portion of pixels |ocated within the roww se

calibration area 417 is determ ned (bl ock 925) through

a noi se-tolerant, tine elapse averagi ng process using

the same basic arithmetic nean circuit used in

gEWd6ht i ndy ptdvessonsystem, shidhsata eamagesystenh fohepanly generally

| f th | cul. i xal t
comprif b Poipt piipenmrE Bt (T pE 0D e cRimiae o iRt Hore B
commifitatel SethGal it aktpan (13D Bdevick 1020 every bhizaloby. ThachOAimager 1030

cal cul ated row of fset value is stored (bl ock 935) and
also cemaviniseteR withehe sygtent erapongaisyeRpis 1098. dhe cempetst giffem 1000 also

. . o the .oi
oo LT RO 0L 5L P i
includéfpefiphaplnlevizat hwwh ash réthevabld metsryt 1058 widvh elfio pomedunicates with
e QP Bt T ol P i
circuiPRfich 2&{1;%%%8 E)‘E(egsrk%n&%%é/ a ﬁﬁ&t@é’%ﬂ@é@ hdhO aQhbeRhte@R phbidiode. The

store ffsets are applied to the piXel outputs
CMOBimagee 1A3Wnpy beadmbined moth a PiRcesser susbgs a ;i digitad signal processor

.until all rows fromthe pixel arra av [ PR
or midtisaeasdr, WA Y BeFeBlTae ' SHndlp e EER ciiruip ggrmay be ona
dﬁﬁXQQEM?&ﬁﬁlm@%mkﬁmbhe active area 412 of the array 410.

[ 0043] Because the cal cul ated of fsets may be applied

to an acquired i mage during calibration, the

above-descri bed calibration process nmay be used

concurrently for any or all imge acquisitions

f the i ., At tively, t ffset .
DL "o whe e tboimen bR aresrRtvebfiSn Bpveiap fapprived
aboveM B 8E GhertBSd IHARBRY hdveASH ipfREntbd b %y%g Sxam: IB,eh;lrc]l élot

resulting pixel signals are digitized (bl ock 950 )
limitatitvenltlyail hetahparentde personsskilted in thanstevertfasiés) shaivarious changes in

form a?rﬁipdétaﬁfjca&l%e made therein without departing from the spirit and scope of the present

invention. Thus, the present invention should not be limited by any of the above-described

exemplary embodiments.
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correspondi ng pi xels (bl ock 955A). Noise in the

acquired signals is reduced by summ ng a pi xel offset
woabur@1sdsi h each corresponding digitized pi xel POUMSAI06/028129

signal. In the first enbodi nent of the invention, the

appl i ed noi se reduction operation will result in

col umm-w se snobothing in the acquired i mages. The

col um-wi se smoothing is aBLANEdi ate result of the

sunmmat i on of pi xel offset values with the pixel

gg;g:{&éﬂ is ﬂﬁ %%%%nw d tlo nt ctgniI ﬁ% %ﬁ?rﬁ Iage?q]‘,]%f the United

State§ @YW Wi se snmoothing is a result of the determ nati on of
noi se-tol erant average row pi xel output val ues, thus
maki ng the results of pixel offset calculation nore
ani f or M acthdftdetermming miagehgixelmgectiar vayes, said tdeghod
thjrd enbodi nent of the invention, acquired inages

COmMPREINE: exhi bit both row w se and col utm-wi se snoot hi ng.
[0044] Although an exenpl ary enbodinent of the

L e R BB E 4 £ v

I imted to a hardware inplenentati on. The invention
mep¢ndratingrnd effet valde for each bfthe paretivatpets of dict rar ey mm;mt‘mg the

combi nati on thereof.[ 0045 0Ccessor,
TS D G Rioh SRS RS LT RV Ort velue and
havi ng a pi xel columm and row noi se correction system
CQisHpURe 68ser¢8IQEdi Ng to the present invention is
illustrated in FIG 10. A processor based systemis

exenpl ary of a system having digital circuits which
@oul d iThelndkodMGainhgehereln Whaabet Vilu¢souwe gprsraigd and the average

ot L 4B BRSSP by men

modw&hi cl e navi gati on system vi deo tel ephone,
surveillance system auto focus system star tracker

system_ notion detectlon system i nmag tab|I| atjon
Syst emTathnfeﬁ%?f eyl heasip |ttlecaatera<gﬁ§m oBpE} value 1s calculated by
calcuﬁ'hﬁ%pﬁ ﬁ@é'r rq W%lu@%o@ea@ﬁg&%?ny £ anflﬁ{a er row of N pixels,
exa conprises a centra process| ng unit

and tl(dﬁRld}erﬂmﬁﬁ)g ari mverwl@,utmtt wiloe bprthcest 96N/n ateaage pixel output
comruni cates with an i nput/output (1/0O device 1020
value§yer a bus 1090. The OMOS imager 1030 al so
communi cates with the system conponents over bus 1090.

Ehe conmpétipdthed/ st @aiml DG0rtBdroniphging dekrhBNEOM adtiessl offset value
menory (RAM) 1040, and, in_the case of an

for the ygti@rfpwdv mdéng aneavseagemel aRtpaLier pixslssiim %@pacﬁly black portion of

themrvgm)vabl e nmenory 1050 which al so conmuni cates with CPU
1010 over the bus 1090. CMOS i mager 1030 is preferably
constructed as an integrated
5. The method of claim 4, wherein the determining step further comprises:

computing an initial average pixel output value for the optically black pixel output

values;

setting a reference average pixel output value to the initial average pixel output value;

16



circuit which includes pixels containing a

phot osensor, such as a photogate or photodi ode. The
wohus/oisEger 1030 nay be conbined with a proceBeomS2006/028129

such as a CPU, digital signal processor or

m croprocessor, wth or without nenory storage in a

single integrated circuit, or may be on a different

C tdeptifyﬁlgpikbleaww velssothat @iﬂﬁﬂiﬁ] vaWe frem vizg feference average pixel

ment § of in ent on have been
O“tpuﬁgg'&erdl?%%ar B@%lneﬁ?f}ggﬁ%@l Lf'ﬁ‘f}ler st oo\cgl that they

have been presented by way of exanpl e, and not

I iy |

t g%@b I%CIV‘} ref%r!:%xcekéﬁexggg xlgg{)'l% ﬁ}aﬁ%z‘lg@?rneiﬂo rr{r%etﬂek ntified
pixel 6lgp@iviahea mtmether’pﬂ@r fefeperet avathgdpiniel cigparvaiueg from the

spirit and scope of the present invention. Thus, the

present invention should not be limted by any of the

@bove- dbs oretlivddfslaamSl, Srtheredroprisiegit s. CLAI M5 What s

cl ai med as new and desired to be protected by Letters

Pat ent ite {

dgl{lglpﬁ,l eH‘xger ﬁhg{é v%ra %Exge?;?lrltgmt \IJacl)lhéﬁg gﬁ%z{eiggth% énn(?r reference

aymagﬁﬁhaquﬁmpﬂuslng calculatlng an average pi xel output

val ue for pixel output values in a pixel row,

generating an of fset val ue fo each X )

offr$sliinge B ppﬁ%rqfﬁwwver&%mxs ‘@‘“P‘I"Fé’a eftP Eh%l%&éa‘@é%sﬁ@éﬁel output

value:S@@h of the pixel outputs and the calculated average

pi xel output value; and storing the offset values. 2.

The nethod of claim 1, wherein the offset val ues are
gedpeitiigatie sifs bhide@ifpingodet@haing Ofiiding andadetsetting until a newly
cal cul ated faor said pixel output, values using parall el

detenmﬁg% BV CEA G B BHAC HeURlde 3 PAiOT 195 Rt HSTES PV Siipnt value.

1, wherein the average pixel output value is

gal cul ahe Hle%mlcﬁ%%t kvﬁgreﬁf‘th@‘éf%bégﬁdﬁhﬂ@lngoﬁét&‘ﬂﬁlnlnﬁ, finding and

val ue for each set of n pixels inh an i mager row o

re- settymg(a‘b sepeated unhbﬂlentarenmpmlr@tau valnes stgtedﬁfex &l value fom the

referclS g ppirb @R vt o e PHEPRAGPRU SR Rbunt™ “°

determi ning an additional offset val ue
8. A method of correcting pixel signals of an imager, said method comprising:

performing an imager calibration, comprising:
calculating an average pixel output value for pixel output values in a pixel row;

generating an offset value for each of the pixel outputs of the row by computing
the difference between each of the pixel outputs and the calculated average pixel output

value; and
storing the offset values;
acquiring an image; and

combining each of the said offset values with a corresponding pixel value of the image.
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for the entire row by rinding an average pixel output
for pixels froman optically black portion of the row.
w6 2007ve395et hod of claim4, wherein the detern RCIES061028129
further conprises: conputing an initial average pixe
out put value for the optically black pixel output
val ues; setting a reference average pixel output val ue
Yo the Th&iméthd>d aﬁxdaiag&-, whexeh theuiffsat valadsiaes getendted yndife average

pixel I%g‘%g()glt ]@‘ﬁ%&% fér ggg %)B(g A \ygﬁﬁé%%gge gfirraﬁgf igllt)]l% arithmetic mean
modubdsedet er m ned threshol d armunt and determ ning a new
reference average pixel output value after replacing
the identified pixel output values with the prior
1|0ef e re ﬁihe Imﬂecvct\@‘reclpnxelwlwmm the pixdlwetpubyalteiis qabautesell lof calculating
whet her
en avgio Bt Bl pdblva B BT P mr U 8 ¥ g 0P and then
deterhffif SNSRI SuipuX SaluO i B sev &f M aveRgs pixel B@tptih@ilues.
prior reference average pixel output value to the new

average pixel output value; and repeating. the steps
lident i fT%er%Ethfdje‘tfeCrl@ﬁlWF rfgrthqrucmpﬁgnaﬁetemnw&q wgltmw tffset value

for th eﬂfr‘r‘eﬁrgw%sr ?ﬂg&n A ag/ 2%1 Bl fo?ﬂfx@f{étfro\ﬁ?w ?Eﬁ&llg%%lk portion of

rio rage prxe ut va
theroiihe met hod of claim 6, wher ein the steps of
i dentifying, determ ni ng, finding and re-setting are

epeat ntjl. there are_no el | ues t hat.
16 Fror s TheskOr i [haneebing rels S s Rythed comprises:

out put val ue by the predeterm ned threshold anount. 8.

ﬁﬂ%&i{ in@eH] b e&hidEixel cxﬁaiut Shige #r3hObptasalll BRGR hixel output
a| d od conprising: performng an imager

Value@‘;al I bration, conprising: calculating an average pi xel
out put value for pixel output values in a pixel row,

g%@t@iﬁgtair&%retﬁﬁee Q\E égegm\(éloﬁ‘g)ut %lu@t%ctﬁe g{ 1*&%&%&&{) xe] ou ut value;

out puts o uting t eren
each of the pixel outputs and the calculated average
pi xel output value; and storing the offset val ues;

identifying pixel output values that differ in value from the reference average pixel

output value by a predetermined threshold amount; and

determining a new reference average pixel output value after replacing the identified

pixel output values with the prior reference average pixel output value.

13. The method of claim 12, further comprising:

finding whether the new average pixel output value is equal to the prior reference

average pixel output value;

re-setting the prior reference average pixel output value to the new average pixel output

value; and

repeating the steps of identifying, determining, finding and re-setting until a newly

determined average pixel output value is equal to a prior reference average pixel output value.
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acquiring an i mage; and conbi ning each of the said

of fset values with a correspondi ng pi xel value of the
woneg@i1®s1i The net hod of claim8, wherein the oPCSAIS2006/028129

val ues are generated and the average pi xel out put

value is calculated for said pixel output values using

paraIIeI i nput arithmetic nmean nodul es. 10. The net hod

16t cl| aiThcancthpdelslping ho villeredn thewtqps of identitying determining, finding

and r& ?%tﬁrgé %?gpe dciﬁllt Hle telrQ gog egXﬁhl"i‘tgﬁahFeﬁg@a t p it g?luqurom the

referepb ﬁ@ageqﬁﬁleltdilmt d@lhe bmHH prededdinaiverl tagehdld &ﬁiouﬁ\ut put
value for the set of N n average pixel output values.

11. The nmethod of claim g, further canprising
lget er mA‘\PW@e‘éfﬁluﬁlﬂlﬁlctrP‘é‘ﬁﬁfW%é‘f CORPHENEOr the entire
row by finding an average pixel output for pixels from

20 L Bt e DRI RO Rl B d i B PN for o

erern e ca

pluralitgp pixebsutpaiovabudsiasgctated with & ad)rr@pemﬁggpmira{ﬁ& ofpixpldolumns in an
. value for the optically black pixel output values;
IMagL&PVi ng a reference average pixel output value to the

initial average pixel output value; identifying pixel

o P RSt scL o rndul SR gl aq Bt oftse vatue for each
of thelphir@RHVfDiaNoputs BdniRtiRs MetiiffereAed WovE&! eeaEE B€ fhe plurality of

average pixel output value after replacing the
pixel pupnisiand éi qalondateoarteage pireel awiputwalie;t he pri or

reference average pixel output value. 13. The nethod

of claim,12, further contprl sing: finding whether the

néﬁ%%@r%@éltﬁ?rxsém%t@lﬁef s¢aplygsiadequal to the prior

ref erence average pixel output value; re-setting the

gﬁgggdlég Eﬁ&ﬁpgo%f%\ﬂ AR %Pﬁb%l«%leaﬁmu&? %llﬁé Y&nt oco‘ir% é)onﬁglig pixel
ommutdgmﬂ;fylng, detern1n|ng, finding and re- settlng unt|I

a newy determ ned average pixel output value is equa

to a prior reference average pixel output value. 14.

THé&eTE? $rid oFpote prgiuged B, redrsimpgertigisest eps of

identifying, determining, finding and re- setting are

é,lefpfegr e Hgfg' lu edtuhﬁr r?%l? opaalQn f? lwﬁ)e%lﬁ’ ‘te of?seyvaﬁues aré generated

and the average p1xe1 output value is calculated using parallel input arithmetic mean modules.

17. The noise reducing circuit of claim 15, wherein the plurality of pixel output
values are associated with z pixels in an imager row of N pixels, and the row noise correcting
module, the column-wise offset calibration module, the storage circuit and the adding circuit are

applied to each of a plurality of groups of n pixels in the imager row.

18. The noise reducing circuit of claim 15, further comprising a row-wise offset
calibration module for determining an additional offset value for the plurality of pixel outputs by

finding an average pixel output for a plurality of optically black pixels in the imager row.

19. The noise-reducing circuit of claim 18, wherein the row-wise offset calibration
module is further configured to compute an initial average pixel output value for the plurality of

optically black pixel output values, to set a reference average pixel output value to the initial
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ref erence average pixel output value by the
predeterm ned threshold anobunt. 15. A noi se-reducing
woioarwisosof an i mager, conprising: a pixel val BET/US2006/028129
correction circuit for determ ning an average pi xel
out put value for a plurality of pixel output val ues
associated with a corresponding plurality of pixel
averagopinainmutput valuej toddentify pincel cutpatl walnes Whas difﬁrﬁn; ealue from the reference

calj bration uI e con ure ener at e ffset
averagapisg] CHsp 3R D AFOPBTUeA dieyholl aporas Sud ity a now
refereﬁ@%zi qm&h %ufég'u anenss r@;ﬁ&(‘ﬁﬁ?ﬁw.e%é}ﬁfféﬁ b&@ oﬁﬂgﬂf A1bdMwith the
of pi xe out puts and the cal cuf ated average pi

prior wiitrpurte avetage pixal sutputagdueci rcuit for storing the of fset
val ues; and an adding circuit configured to conbi ne

ach o set va e. W th i xel oqut put s
20 gnal Fotuging piigpi o plawi 18 Vst e i Ty ptibration
modultOks qﬁﬁthe% 6®nfTéi'1@ed"t@| R WRANG tROn & hdthde IﬁieMuepufnvme is equal to the
wherein the of fset values are generated and the
prior ppfapragaveiage pixgLeppet Kadueuto tesetiie @upate&rem aygrage pixel output
value ?(9%1% gxleﬁ) a\)e&%gg x[%[ blﬁtgﬂtﬁal&e rirgda{b v}ﬁg‘?‘% h% of ﬂdelﬁﬁfﬁ?%} Sd%%ermmmg,

findingiaxé ke-@étflﬂglhnt‘vlaal ne@dy deterainsd maﬁ@mltolntpmt paxelisedual @ prior
i mger row of TV pixels, and the row noi se correcting

refereﬁ%weéagetpp?@e eBiPUhYRlUG-se of fset calibration nodul e, the
storage circuit and the adding circuit are applied to

2¢ach OfrpanBistl E‘éﬁu‘cfné RHenflof E‘Bﬁn ap, \Qh&élﬁ%hﬁ dn‘&uft h@conﬁgured to

| mager 1 ow. noi se reducing circuit claim
repeatithe steps ohdcntrfgmgr deggemyniagy Guding sl wifelmg unall ﬂtwrmrcmp pixel output

for rmnln an addi tion ffse
valued Rt vt GRS e B A Cabn NP v Ehae Y pis@tcmmined
threshdlX&howdl put for a plurality of optically black pixels
in the imger row. 19. The noi se-reducing circuit of

claim 18, wherein the roww se offset caljbration
2%pdul e Ansppaieitsder RIeWIdiRERisel comeetinmy(Auss £pr animagsy, said apparatus

Compﬁgiﬁéage pi xel output value for the plurality of
opttcally black pixel output values, to set a
ref erence average pi xel output value to the

| Biskt cHigMRs Y @esﬁb@tﬁiel}ﬁlwi mibixyialalies flotn 4 s BF pix¢lsHh%elimager row;
out put values that differ in value fromthe reference

and aver age pi xel output value by a predeterm ned
threshol d anount, and to determ ne a new reference

?\éghﬁg&ogl )éﬁﬁle*igfet tnﬁ% {?ilrel“}llgii ﬁlétggqrﬁrztte gltaaﬂgavgxgge plxel value from pixel
values applied to said inputs and for determining a corresponding offset from said average pixel

value for each of said applied pixel values.

23. The apparatus of claim 22, further comprising a memory for storing said offsets.

24, The apparatus of claim 22, wherein the offset values are generated and the

average pixel value is calculated using parallel input arithmetic mean modules.

25. The apparatus of claim 22, wherein the correction value determining circuit
generates an average pixel value and corresponding offsets for a plurality of successive sets of

pixels in the imager row.
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prior reference average pixel output value. 20. The
noi se-reducing circuit of claim19, wherein the
woauwnissiof f set calibration nodul e is further PCT/US2006/028129
configured to find whether the new average pixe
output value is equal to the prior reference average
pi xel output value, to re-set the prior reference
2@V er agThe apieiratosid fuldinm/29, whetein theeomevtianerlendet@iniring circuit is
ou val n I h f] i fyj
FurthegaraigHd é?fw@hgia%éd@%ggﬁéf§ef ‘f%ﬂ?é%zmoq all %% %R{’%i vaties in the
. t | i .
imagef 817 bY SRR AL E: PrbCouill B4 pURIPof priRAHGbIakQpels in the
imageneovge- r educi ng circuit of claim 20, wherein said
circuit is configured to repeat the steps of

| dentifying, determ.ni find.ng and.re-setting.until . .
Zhere SPeSHErS T S0i e SRR Yo g A Ayl ghrouit i
furthef EQMARR! th bBHERGA IANAT ALEAZRIpRE) vaME Batithy sdt B ilputd, st a
predeterm ned threshol d anount. 22. An apparatus for

referepvecaviettign gixsi xallie trothe sgtialanetage pixsl Yadve, dnidepdfyarixelsalugs that differ

. appar at us .conprising;.a set of inputs for | y

invalGERAl e o 80 BB pisf B0 o bR SRRt o

deternhif¥a neRdeferdh@é bRGhsnxsalte afiei RphichighBe Mehittfiéd pikel values with the
generating an average pixel value from pi xel val ues

prior wgfperice@averggspixel Yalput s and for deternmining a
correspondi ng offset from said average pixel value for
ach ofpga ' ' SorréGtion ViuARRATAAME circuit
2§f cl afnr}]é %@%r?tgﬂ) (ggn{g%m}%egﬁgl%aoﬁ%nﬁny&h?%r stori ln crretttis
furthes edrdfignfddste tfimd vidiktheT tiee memparcatgepixdl veluaine@@] tovthe peorreference

the qf fset val ues are nerated and the ayerage pixel .
averaggige valie OGR! Biedion ey RGP AT AP I S A THEAREL 1Y e pixel
value{@ala o PEpAN (RS stegs'sofi idERIFARP AdeRdrnifl, il dihdArdlre-seARIERINAL a newly

he correction value deternmining Circuit generates an
deternained apmagsi pixdl whﬂeueewutomn@spfgmm gvesfgesuke vebe. a
plurality of successive sets of pixels in the inmager

2§ OW. 26‘[‘th1§ a?ﬁﬁ@l;f}’tl%ﬁﬁa ?g, wieflils 44 co%@iroﬁi\)ahfehﬁtermining circuit is
correction val ue det er mnl ng circurt 1s further
configupstf togescadiheGtape beidehti®yimn dadahihingnAhdiaf bséte-setingeurftdthere are

.the all of_ the pixel values.in the inmager, row.b :
1o piye} ettt eion HgBie oRE fhe GRPTE FYATags IRGIalie sy e predetermined
threstORE dfi@ldty bl ack pixels in the

30. A noise-reducing circuit of an imager, comprising:

calculating means to calculate an average pixel output value for a plurality of pixel

output values associated with a corresponding plurality of pixel columns in the imager;

generating means to generate an offset value for each of the plurality of pixel outputs by
computing the difference between each of the plurality of pixel outputs and the calculated

average pixel output value;

storage means to store the offset values; and

combining means to combine each offset value with a corresponding pixel output.
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i mager row. 27. The apparatus of claim 26, wherein the
correction value determning circuit is further
woand7iogsesed to conpute an initial average pi xebPCYaiSu®e/028129
for the set of inputs, to set a reference average
pi xel value to the initial average pixel value, to
identify pixel values that differ in value fromthe
31 ef er enpg naier@meingiciehit vhtldien BY, vehapeir det efifswt naldes are generated
threshol d anount, and to determ ne ﬁ new ref erepce
and the\awerage pisekeitputaelve inealerlated pring paglleliapyt geimsticagean modules.
pi xel values with the prior reference average pixel
al ue. : r ' : \ﬁﬁe[{ j :
3%‘or r ectTl% g Roég‘ﬁﬁ@e%gtcgﬁ%ﬁ 8?%18&](1: ??’[:G{Jll%t?elins f lﬁaﬁg @Fpmel output
values @B fab@udlaed with f; pixdlsvih eh heagdr hew 0EN pivals, agé thy caddulatalgueeans, the

is equal to the prior reference, average pixel .val ue, .
generyigh RS, R SOBHEr GRe2RE 1] R CHMAENSIGE B R RPR/igf (o o4cl of a plurality
' val ue, and to repeat the steps
Ofgm‘iélpgf)%ﬁ{txﬁ‘é%%%ﬁnﬁg@% ning, finding and re-setting

until a newy determ ned aveyagedﬁli_txel val ue i s equal
380 a pfhemoisefraiuemgeiravié phgeinp Bdhrther cguprismg cppwuting means to

appar at of im2 ergin _said [recti .
aeteryEBan ARG off Qe Tor M Rh s pRBb g S e P Kt pivet output
for piRdls GO dpticaity bldet goriibAbNge ihbgedirerg. and re-setting

until there are no pixel values that differ in value

fromthe reference average pixel value by the .

3fr edet dibginpiserredicmgiedicait Rfplarr 33.Jpheran tay computing tgqgs further
cuit of an imager, conprising: calculating neans to
cul ate an average pixel output value for a

plurality of pixel output values associated with a )

c ebmestimgaiear tplfind ah initialoivepis pixetoktpurialierfor the optically black pixel

irmige(; generating neans to generate an offset val ue
outpuf ¥3lUeSach of the plurality of pixel outputs by

conmputing the difference between each of the plurality

Ofsetfin @leafd Holbet Srefidtende® efigt plkleBb@putarbreag eheninitiall average pixel

out put val ue; storage neans to store the offset
outpuystluess: and conbi ni ng nmeans to conbi ne each of f set

value with a correspondi ng pi xel output.31. The

noi se-.r.educi ng circuit. o | ai. m.30 i N thees of f

SO BB gl Bb TR BLE T R A ftenc
avera¥@piel ('blﬁplﬁa'laﬁwbg aqfedidrinddahirkhal amopii ad i t hmeti c

nmean nodul es. 32. The noise-reducing circuit of claim

30, wherein the plurality of pixel output
determining means to determine a new reference average pixel output value after

complgi%1 s

replacing the identified pixel output values with the prior reference average pixel output value.

35. The noise-reducing circuit of claim 34, wherein the computing means further

comprises:

finding means to determine whether the new average pixel output value is equal to the

prior reference average pixel output value;

re-setting means to re-set the prior reference average pixel output value to the new

average pixel output value; and
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val ues are associated with n pixels in an inmager row

of N pi xel s, and the cal cul ati ng neans, the generating
wore®13gshe st orage neans and t he conbi ni ng NeERAT/USLE®6/028129

applied to each of a plurality of groups of n pixels

in the imager row. 33. The noise-reducing circuit of

claim 30, further conprising conputing neans to .

d e¢pentmgumeans tadeticel thaake ofthe stentiging determining, Sndingand re-setting

[ er row.by finding an.ayer i.xel output for
meang gE e Y LRGN PPN SERUpURes B el B ericingipnoe average
pixel 6@t Bdue, The noi se-reducing circuit of claim 33,
wherein the conmputing neans further conprises:
conputing neans to find an initial average, pixel
36ut put Thanaisefreducingecivspitiof eleiny 3| wegeeigispid cirgit pygonfigured to

val ues: setti . sgel 4. r : [
epef 4554 £ RO Bl 5 GT0E AT AR e Bt oupu
valuey tat\@iffer Benihid b ghdmaiendeaverdgapixtyoutputalaluebtythé predetermined

values that differ in value fromthe reference average
thresheld@mowtit put val ue by a predeternined threshold

anount; and determ ning nmeans to determ ne a new

3?efer ee'A%}eina:é‘é‘f @gﬁgg%iﬁgzl out put value after repl acing

he id ed pi ut put values with the prior
reference average pi xel output value. 35. The
naim&eredioinggronity aid hoisd-redbeingcRdyit ednepresimg:t he
conmputing neans further conprises: finding neans to
det erm ne whet her the new,aver%gle pi xej ut v

out al ue
i's equalPlic VelNe compeiion carwl esligUErddp aaleulﬁfj VSRS Riiel output
value Y& e{"@'uraﬁi%? 5@;?15{&1% IRied %s&ﬁﬁtéﬁ tyithheoblebndlf I NHRf pixel
average pi X ot

out put val ue t e new average pi xel
colunowstip tite ivmpere; andr epeati ng nmeans to repeat the use of
the identifying, determning, finding and re-setting
nmeans until a nevwfé det erm ned average pi xel out put

val ue asobmmvise® e@aﬂibtatip@fr@.d@}qag‘@n g@p@&bgwegaéq: an (.)ffset value
for eagﬁ;fop tbtg é’:’{ a:a t%f‘so{i’f)%{el Ilﬁ]t%ug%ly%gfnr Oﬁllfllé glggié%ér%ﬁéé' Bet:@denS aﬁ% Bt the

! crrcurt”i's to repeat t
pluralsty @@ pixef outgeRtahfl Yhen@lcutteddavriage pikel dutpdi viguegnd
re-setting until there are no pixel output

a storage circuit to store the offset values; and

an adding circuit configured to combine each offset value with a corresponding

pixel output.

38. The imager of claim 37, wherein the offset values are generated and the average

pixel output value is calculated using parallel input arithmetic mean modules.

39. The imager of claim 37, wherein the plurality of pixel output values are
associated with # pixels in an imager row of N pixels, and the row noise correcting module, the
column-wise offset calibration module, the storage circuit and the adding circuit are applied to

each of a plurality of groups of n pixels in the imager row.

40. The imager of claim 37, wherein said noise-reducing circuit further comprises a

row-wise offset calibration module for determining an additional offset value for the plurality of
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values that differ in value fromthe reference average
pi xel output value by the predeterm ned threshold
weanowr3oss7. An i rmager, conprising: a noi se-r eddTiusgn06/028129
circuit, said noise-reducing circuit conprising: a
pi xel value correction circuit configured to calcul ate
an average pixel output value for a plurality of pixel
pixel outppls byadingsainsysage pixetowipetfona pluraldy pbopticadly black pixels in the
lurality of pixel colums in the imager; a
“nag%S?%nn wi se of fset calibration nodule configured to
generate an offset value for each of the plurality of
4pi xel qup ma%ser BY claRAMOL WikgeinhEe fivf-fideaTiet htibyeRA reedile is further
of the plurality_ of plxel out puts and the cal cul ated
conﬁm@d tapempiusecstn igitiapeteragsipikel o gnslt vhlugfordhe plurality of rixghuiput
values 6%q%%&§ }éeél\ééa lgs?e?%%e agéjlloﬂ@u?gghg% t‘ﬁ% 'ilﬁHlalt av%%ge g% Sgﬁp{lf)value to

a correspon

identlﬁuﬁhﬂéltoutﬁﬁ vallibethat@erer inofahad Ecbxﬁﬁl&ﬁefeﬁb’rﬁk%lv&agé‘l pixef Hipit value by
ues are generated and the average pi xel output
a predgtermencyl dhuggiold prapwH, angi ta geisEREICIAdIeW g HEnC A EIREE pixel output value

' Pef | 1 output

e G50 POt s TS IRGE £y BB M cHe S o

vﬂueplxels in an i mager row of N pi xels, and the row noi se
correcting nodule, the col um- vvi se offset calibration

dul th t t. th d .
4 PP |u| 23 hF 8%%%63 %%ﬁb{vycjlilljelg?lpt o= g}%fgtsngqaih agllosqélil@{u?e is further
configued t@%ﬂd%ﬁer&ﬂ%’hev&%er&é’é%ﬂ%ﬂ%t Q41u6 Is2dgihi3é thy\BEs Qe ference

sai d noi se-reducing circuit further conprises a
averagaonix oli itpub fvilses to eerbdtisheprianrefepangt evirage piseclauiuiivaljcde the new

avera%eﬁé%}ltogllgq?{; \% t\lfﬁ Eq%h écc\{ gelrg)%gt tIélr %taé (gfl 1@%1‘?”1?11%{)%?9@%&%! finding and re-
settingltilal idwly déteiinbd addrygelpiad oufpuk edige isequbletoiaape refe@nce average
41. The i mager of claim40, wherein the row w se
lﬂxelﬁm@ﬂkﬁahﬁallbratlon nodul e is further configured to
conmpute an initial average pixel output value for the
4p! ural Y i1Rhod? X BhinP 45 Rk'ﬁeréﬁﬁ|t1'1’@1%w—$v?se$€fse@ca‘hﬁfa%6ﬁ'?ﬁ&mle is
aver age p|xéf output value to the initial average
configuiredsto ropﬂapﬂle stqvls Qél,dentofymge detefnyinpigx Ehding apdire-seitingwntil there are

no pix%:E gltbtaltlt ‘Efg l lill(l:" valus H‘]O}nht%e rc%r%ﬁgengv%riag\é%ru? eut%u%(value by the

predetermined threshold amount
44, An imaging system, comprising:
an imager, said imager comprising:
a noise-reducing circuit, said noise-reducing circuit comprising:

a pixel value correction circuit configured to calculate an average pixel
output value for a plurality of pixel output values associated with a corresponding plurality of

pixel columns in the imager;
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a predeterm ned threshold anount, and to determ ne a
new ref erence average pi xel output value after
woepl7aa393g the identified pixel output val ues RCTHSR(W6/028129
prior reference average pixel output value. 42. The
i mager of claim4l, wherein the roww se of fset
calibration nodule is further configured to find
whet her t he aebmn-eisegeispt cadibration puaduleatandignesddo gamerate an offset

IRV e R N
plura%itﬁ eotf ??xeﬁ‘ SM‘{B?% ie:%uéﬂfe, RiotBltePiePist phall BEpubPdud;0 repeat

teps entifying, determning, finding and r e
setting until a newy determ ned average pi xel out put

val ue is equadohge irduiti foF stbBiELihe BERetRIeagdPi X el
out put value. 43 The imger of claim42, wherein the

row-w se offset calibration nodule is configured to

repeat the smneddingfcircuiéneriffgpradgo cambisterdanh ngf,setf‘/iah@i\’r‘i&l a

and re-selti nﬁtuntil there are no pixel output val ues
corre3RoRAngpxel PUPHL 2 e from the reference average pi xel

out put val ue by the predeterm ned threshold anount.

454. An Tﬁgqgfaglggﬁgﬁ&ﬁ%‘f cGRARE! $h&ein RO ofrIR Y8 ues 2R fnerated and the

I mager ‘conpr a nol se-reducing circuit, sal
averagepixel swtputoiahg is calculated osing parsllelgnpit apitikettiombansmodules.
correction circuit configured to cal cul ate an average

i xel tput value for. a.pluyrality of pixel out
B Ces thetioritReitomh b s Shosbihabh Rty af Pt poue vatues are
assocPite®itk Alpialsini A0 ifnBBerl rERIEINV Fix €16 ambMhecvenditd @tecting module, the
calibration nodule configured to generate an offset

colunyariviss offset eadibretion masdlep thersiaragocivopiit gng dhe asiding gircuiare applied to
ing the di , . h of the pl i
cah TRt Do ETORE BEMERE S0 of b0 Pher @ 1

ed average pi xel
out put value; a storage circuit for storing the offset

47al ues;Thrrithager efdthimgldc ivhengint sacmfisegredecing oircahfirther comprises a
each_of fset value wth cor r.espondj. I xel out put .
row-yise Offipg! cp]ﬁg@p%mgg}ﬂp &on deferpini, grgdlaﬁlgﬁ Q?fﬁett\/'ﬁﬁleéwf)lf thg plurality of
pixel\bafdﬁ%%yaﬁﬁdi&ge&?%&%@ A0 ohfpat RY 8HAASLY ofSbtiOMlyMIAck pixels in the

- value i"'s calculated using parallel input arithmetic
imagergaw. nodul es.

48. The imaging system of claim 47, wherein the row-wise offset calibration module
is further configured to compute an initial average pixel output value for the plurality of pixel
output values, to set a reference average pixel output value to the initial average pixel output
value, to identify pixel output values that differ in value from the reference average pixel output
value by a predetermined threshold amount, and to determine a new reference average pixel
output value after replacing the identified pixel output values with the prior reference average

pixel output value.

49. The imaging system of claim 48, wherein the row-wise offset calibration module
is further configured to find whether the new average pixel output value is equal to the prior
reference average pixel output value, to re-set the prior reference average pixel output value to

the new average pixel output value, and to repeat the steps of identifying, determining, finding
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46. The imagi ng system of claim 44, wherein the
plurality of pixel output values are associated with n
woia@l3dsn an i mager row of N pixels, and the POWUSZI06028129
correcting nodule, the colum-w se offset calibration
nodul e, the storage circuit and the adding circuit are
applied to each of a plurality of groups of n pixels
and r¢-pettinguntitegewly deternainied qvesagermig ouput valug s eqnal tataearior peference
Ois@%r ducing circuit further conprises a

sai d
avmﬁ?%ﬂ?ﬁ?@gp Y&t calibration nodule for determining an

additional offset value for the plurality of pixe

50ut put STHeMmhpingispgeranf aleh dgewhirs@lthotovpulise dfseBealibration module
i plurality of optically black pixels in the inmager row..
is condigureririe reneabihe gtepy ot idpntdying) daternyningyiiedieg and seesetting until there are

. . fept. oal. ' .
o piEQ Y i 8Ll bORRLIN, MBI Rno oL ALY oy e by
predetcamitedftbresiidié ambuital i ty of pixel output values, to set

a reference average pixel output value to the initia

aver age pi xel output value, to identify pixel output

values that differ in value fromthe reference average

pi xel output value by a predeterm ned threshold

amount, and to determ ne a new reference average pixe

out put value after replacing the identified pixe

out put values with the prior reference average pixe

out put value. 49. The imgi ng system of claim 48,

wherein the roww se offset calibration nodule is

further configured to find whether the new average

pi xel output value is equal to the prior reference

aver age pi xel output value, to re-set the prior

ref erence average pixel output value to the new

aver age pi xel output value, and to repeat the steps of

identifying, determ ning, findingand re-setting until

a newy determ ned average pi xel output value is equa

to a prior reference average pixel output value. 50.

The i magi ng system of claim49, wherein the roww se

of fset calibration nodule is configured to repeat the

steps of identifying, determ ning, finding and

re-setting until there are no pixel output val ues that

differ in value fromthe reference average pixe

out put val ue by the predeterm ned threshold anount.
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