WD 2007/ 013951 PCT/ US2006/ 028129 METHOD AND APPARATUS PROVI DI NG | MAGER
NO SE REDUCTI ON USI NG PARALLEL | NPUT ARI THMETI C MEAN MODULES FI ELD OF THE
| NVENTI %’I 009 g The present invention relates general l\é t o sem conduct or
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correction in sem conductor imagers. BACKGROUND OF THE | NVENTI ON [ 0002]
Various types of imagers or inage sensors are currently used, including

char ge- coupl ed device ( i mage sensors and conpl enent ary net al - oxi de
seni conde 'E' RMA“M& q&f}@ é N/UBE¥Ef i t s,
such as | ower cost gree of

I ntegration over tm%&wwwﬁverﬁﬁqﬁ ck of the CMOS

i mage sensor technology is the presence of fixed-pattern noise (FPN). Fixed
pattern noise is generated f ﬁg}gg{m cuit structures due to
variations in the manufactu EE 8 S @IH(S%I{ egrated circuits. The
effect of fixed pattern noise in a CMOS image sensor is that groups of
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dlfferent strengths in response to uniforminput |ight. Fl 1 denonstrates
t he efspecficaily, memcsentmavem:m reletes & noisecoriectiofein semi¢anGucetor imagarsrage 110 s
sensed by the CMOS i nage sensor 120 via a sensor array 130. The sensor
array 130 includes a matrix of pixel cells 132. Because of noise in the

sensor array 130, a noi s BAKERRD QIRGEENYENTIENer at ed by the CMOS i mage
sensor 120. Fi xed pattern noise is largely responsible for t he coI um-w se

di stortion ren t he |se corrupted | L40 3 ed pattern
noi se is n pB@ 5( ‘r‘F‘otP’B%s %%88&1%%83?1180#% © ENEE! g?"l“g r. Row

noi se chaig@lo‘éﬁgl%@ ABHEbe (@CE} ima@e%@ﬁs‘éré aﬁd%oﬁipmmmwmetml@d @aaxedn@btorl n FIG
2, an |mag 10 is sensed by t CMOS i mage sensor 220 via a sensor array

230. TRMQ hmmgeaensax;s QdOSi tmhmb@s' oﬁfersanm»bemﬁ@; sueh ag dower cpsi2easB@fause of

230, d 240 ted b
e bR Bl ebBtctis or i BEeR o P e PLPJmafR dinsbilo HTwAERAL Che
row W cﬁ@w@bckto@fcﬁd G’NIO'SDMg@ RénsbP et 61 i§ EeGREdeds @plﬁxdaa;me%lﬁms&gw?af ter

correcti colum-w se fixed pattern noise, row noise nmay still vi dent
in t hdl paétgm;@msq imggesrated from a mismatch of circuit structures due to variations in the

manufacturing processes of integrated circuits. The effect of fixed pattern noise in a CMOS
image sensor is that groups of pixels, typically each column in a sensor array, exhibit relatively
different strengths in response to uniform inpuf light. FIG. 1 demonstrates the effect of fixed
pattern noise on an image. In FIG. 1, an image 110 is sensed by the CMOS image sensor 120
via a sensor array 130, The sensor array 130 includes a matrix of pixel cells 132. Because of
noise in the sensor array 130, a noise-corrupted image 140 is generated by the CMOS image
sensor 120. Fixed pattern noise is largely responsible for the column-wise distortion 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 column-wise fixed pattern noise, row noise may still be evident in the cotrected

image.




L WD 2007/013951 PCT/ US2006/ 028129 [0004] To renove the effect of fixed
pattern noi se, conventional calibration processes involve neasuring an

out put \Q, szg%&n known optical input and conparing i expect ed
val ue. ﬁ 3?533ge sensors, a light of known |ntens%ﬁg§%@%¥0rzsel gency S

typically shone onto the sensors and used as an i nput callbratlon signal. In
sone cases, output frominactive dark pixel sensors may al so be used during

cal i brati oyod Com%ﬁlo{'@ﬂle%@ﬂ%ﬂffﬁﬁxedﬁh&diﬂhok@ cdRventRAal Glibfol output. In
principle, if there is no msmatch in the sensor devices, the voltage
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however i fic ferences in.,.s out.put .val are r.ead out
bet vveaé"rféxﬂ’ﬁ‘ét %V@JE‘F aﬁb@@é%ﬁ‘g A0 Eseﬁggﬂngogﬁﬁ“ @%WW%&?\W& A ¥ or m i nput
| ghtiysichiipitéRe bﬁto%@kéxﬁgrstaﬁdh.@&la% 3}1 utIQlﬂarQﬂlérf ﬁgﬂgcﬁl P&ﬁé‘@&@s ,oput Pi xel

si gnal" out’put val ues and the expected pixel signal output val ués I's
t ypi cladthynactivedarkgized sersoms may aled befised during badibpationl tocbinpeteshasensoshput ed and

th t df ' br.at t hy t 00057 .|
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reduc\tduage ﬁg@%ﬁgﬁfﬂﬁoﬁl SREPEELI 40 shGLIE Yk ReRtlcaf h_%ﬁéahtyzhawew[r,e&mﬁhﬁcme out put
p1 Xe ose

each nor | mage sensor operation.
un- c adiffereatesdn sngn@imutmﬂsvalmegm rreadhoan bempem: thegpixalicblunire\wof the sensorgunaly, out put

Tl B B i
have eﬂéiofs and’ e‘éﬁgééd’t?élifrﬁﬂa%%ngb’o t tg?fc&g%fegﬁgﬁt%sa@gnd' ng

scal ny c operatin ect the
offs qnxelaalfﬂels 'I\‘)melpﬁxerl effséts atercomputedasd drep stceechfou: ulbain' alibodtingfisattireal ues  f or
each pixel. [0006] Cenerating and storing accurate pixel offset val ues

r equi BOT@TRYyul ation time and additi onal menory resources. FIG 3 show a
conventional CMOS i mage sensor 300. The image sensor 300 includes a pixel
array 310 organi zed into Npi xel colums and R pi er rows. Upon readout of a

| h | | t t t
o Do Tafa0y Bre GoviyRntonal b P oo ety bsplurs fmp i dnamRh e ot 1 om
each re?a&ﬁbn gﬂicu&mel §res%é?:ﬁ% SALrn] cﬁ‘fs%@i% aﬁﬁhédetad@él&urpwﬁa& 261 durfhgd

typica e sensor 300, the digitized prxel outputs are processed into a
seri aiontnahmage SEEOn Watldﬁaohpn:fel whaeseamrcalibratedouitput mesa drighet than expwtedby r ow

]; gjvh |no_ ve 1 g gl%}lilil outp ¥4 uEe Iré)d?lcef {‘,’}9 Ene%xsno%gg of Tl correspo%iignsgestcal(e::g1 Lftb rtz%/ta e and
Similarly, a pixel whose un-calibrated output was lower than expected will have its signal output
value increased by the amount of its corresponding scaled offset value. Any change in operating
mode that would affect the offset values will result in a necessary recalculation of offset values

for each pixel.

[0006]  Generating and storing accurate pixel offset values requires calculation time
and additional memory resources. 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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correction (block 350) are applied to the serial data stream 340. |n other
words, the noise reducing processes are applied to each pixel output,
sequentially, in the serial data stream 340. 2 WD 2007/013951

PCT/ US2G06 281881 The result is that the noise reducti BETESYH6/A2L2) add
significant delay to the overall readout of the Noy R pixel signals. In
addi tion, the of fset values are neasured from an expected reference value

O |8 B g 5B e Bl B BRGDHA o B b A1 O

t her et\PJ R p ﬁcepagﬂ 18 h ARG o8t VARGeAaTE APAARIIRGA L S xpQeclefricgt 1Y

generatlng and y|ng nol $e correction values to pixel outputs o

i nagewaluedltmjl@calﬂbdaimnnglerefmg requiring &thrgemunlyer of piis; iahy theBsofermeibiyARY OF THE

| NVENTI ON.[ 0008] The. in nt| n provi des a nethod and apparatus that

ef fi cFEREIY, tEspsgnbthe gifget V&B’ﬁf"l es noi se correction val ues to the pixel
outputs of a CMOS imager. [0009] In one exenplary enbodi ment of the

i nvention, a7se O?;Ie&@gt th%fbfé‘x@' YBsed ﬁdeﬂ?enﬁfé‘hf‘e% t@gt@ﬁaﬁﬁﬁ &2l cul ation of

pi xel offs t val ues an average pI xe out put va calibration
proc edfﬁcientll?cgenmrahﬂg ambappt;ang hois¢ caxrectiomvyalaes ta\pexeigetpptsmﬂa @MORuimaged, ue i s
determllqri aE | ur al 8' er out put val ues froma correspondi ng

pl ur aM Bk m°5f PREtY-ow. An of fset value for each of the

pl urallty of pi xel outputs is further generated by finding the difference
bet ween each of the pl L xel e cal cul ated average
pi xel output val ue. uégdéépm)ioﬁmwwpr ar manner for pixels
on other calibration rows. Ofset values in each col urm are then averaged
to determ Si Hp%&

exenpl ary B&gglji men qu?éﬁgtprarﬁ%ér%ﬁ%%ﬁmg%&%? 9%91]1}'1%&1 % re row of
pi xel agpliepudise voryedtion values toathe gixey odtpuidiofig (?M@Samagage pi xel output val ue
for a plurality of optically black pixels in the imger row. The average

pi xel output value for the optically black pixel values nmay be refined by
di scar di ng[Q9i0%! \Ialouesxmplsmlmdmnmsiﬁ&ainvthMIWr@ab@n valuesiarg t he

The. oteq et pPaior Hpiidethrtiae anf BNRLL A F i e o
NOi SegalftiifionJROHIUME Y RhA3ORaPLAIratif B arf FerilR pikQdugAht ¥8ua D Of fs et val ue.
determined for a plurality of pixel output values from a corresponding plurality of pixel columns
of the row. An offset value for each of the plurality of pixel outputs is further generated by
finding the difference between each of the plurality of pixel outputs and the calculated average

pixel output value. Offset values are found in a similar manner for pixels on other calibration
rows. Offset values in each column are then averaged to determine a single offset value for each

column.

[0010] In another 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.




[0011] During inmage acquisition by the inmager, noise in acquired i nages may
be reduced by summng a digitized pixel output value with its correspondi ng
of fset value. 3 WD 2007/013951 PCT/ US2006/ 028129 Cal cul ation of th

aver ageWOR/MB39 of fset val ues may be facilitated by GHES? ﬂ‘%ﬂé"zﬁlfzs'par al | el
input arithnmetic nean nodul es. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The
foregoi ng and ot her advantages and features of the invention wll becone

mor e C%m%i’dﬁ%ﬁbfﬂ{eod%fég@s S8 ik bIQHTEOShids BidyBe faéilif e Yus€ BPRARIE Hhsut

provi ded below with “refer ence to the acconpanying drawi ngs in which: [0013]
FI G atithnetia mdanekodiilesgr am of a prior art imaging systemthat shows the
effects of fixed-pattern noise on an inmage processed by the system [0014]
FIG 2 is a block di em that shows the
effects of row w se HOi wﬁmmﬂ\&g T%Emg]m he system [0015] FIG
3 is a block diagramof a prior art CMOS imager; [0016] FIG 4 is a block

di agram o fl\/DSm 1 SRR

present |n?/ogr% ion % éI% dﬂl&éi‘chsl\t/eglta%@s wﬁggéséomﬂgenongtrat }IE%CCBH% menory
r equimrozereppagend frogt ﬂm |dnglleqb desstiptidrf afeexemplane embhedinredisrpyovidedibelewenigh ar y
enbodqmant of. t he %pesent i nvent.i %40018] FIGS. 6A and 6B are bl ock

di agFefPhents;to theagcompapying drawings in c mean circuit with arithnmetic mean

units, according to an exenplary enbodi nent of the present { invention;

[ 0019] FI IS l,ock. di agt am deponstratin f. ca ting a
it r af0fbi <0 aF AbfocR Disbiapt SR dor i it el ool e et
eXG”Bfﬁiéﬂ-ﬁdﬁéﬁf‘ﬁ&?@énQﬁuﬁ prodessedbyIBNSystery.ent i on; [0020] FIG 8 is a block
di agram dehonstrati ng how a par allel i nput arithmetic mean circuit is used

by the nethod of FIG 7, according to an exenplary enbodi ment of the present
i nvent i on[0044] ~1 FIGhR ida block diagram of a prior art imaging system that shows the effects

of row-wise noise on an image processed by the system;
[0015]  FIG. 3 is a block diagram of a prior art CMOS imager;

[0016]  FIG. 4 is a block diagram of a CMOS imager according to an exemplary

embodiment of the present invention;

[0017]  FIG. 5 is a block diagram demonstrating the memory requirements of storing

pixel offset values according to an exemplary 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;




WD 2007/ 013951 PCT/ US2006/ 028129 [0021] FIG 9 is a flowhart of the steps
of a noise reduction process, according to the described exenpl ary

enbodi ments of the present invention; and [0022] FIG 10 is a bl ock diagram
of a pr A¥@2eNF0139§Et em accordi ng to an exenpl ary enbodi RERUSHV6/02832%r esent
invention. F1 DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0023] The present

I nvention i s now described in nore detail with respect to various exenplary

enbodi ment Is }s., for nvenience only.and is .not intended to.limt they
appl i cati oio%?f-lirjt hei: @'@é@ﬁ&ﬂwﬁs@%f’f &?.S?%¥£%9@F? TedHElon PIOERSS: 3550%HRE ¥n can be
| Pl eRRNAREHBIRT AGmDYY WRbEdnT A OIMEprRient AN MR EARL | ON thereof as is known
to one of ordinary skill in the art. f0024] n an enbodi nent of the present
i nvention, noise reduction calibration processes are applied to row by-row
paral | el cd0R%} pi KK 10us pblosk diagrata of)/pOcEssanysteenswording trean esniplaryof t he
noi se redyction.calibrat.ion processes are stored for subsequent application
eirbpfiffentgf e greea

to a YOUORe pixel outputs. [0025] Referring now to FI G
4, a CMOS i mager 400 constructed in accordance with an enbodi ment of the

i nvention includes app ~hp-digital converters
(ADCs) 420, and a sepﬁgﬁg?dgggcg‘ﬁgﬂéﬁl&%mwgﬁ?array 410 is
organi zed into Npixel colums and R pixel rows. The pixel array 410

contains ano@syi VeTRe Meschl tivemticiPk WoW dék@ed Gittriobd ddthi? Witk rBshedilfa vafdus
row-w se calibration area 417. Pixel outputs fromthe Npixel" colums of

pi xel ezemplaryentbodiments.gThisiefor boniehienpaprly land isxDCintamizd tadichit then t enporarily
hel d by ..the readout buffers 430 SimJar to ,the CMOS i err. of FIG, 3, the
d g t pelipaou f B Hesarny Gon, Moreeer HEP 5L VRSN Soris SARCEPIIFL RS g
from tsbﬁwﬁl%ﬁﬁlcﬁ%a&lbfrfaﬁy SorfiBiBatidrPthered £4d 18 knéhh ®o Sid FIRINAA kiRifthakit, array
rows are read-out in a row by-nw fashion. In addition, ndise reducing pixel
of fsets produced during a calibration process are stored in nenory 460 and
the stored offsets are conbined in conmbiner 455 with respective pixel
outputs in serial data stream 440 produced during an inmage acquisition and
readout. Byo@per alni angntbodiraém of thg predeftinvadion] mgsedelisetion calibfativgh par al | el

anal ysis of pixel outputs during a calibration period rather, than
cal culPEIcesRgs arganplied torpwHy-rosy paiplled solumay pigel puiputs from A CMORIMAgESHIOE ar e

2N Y480 PP SBioR S Lo G100 B 8 b PrHiBu 45 T 2 o

more rapi as explai‘ned nore
serial data stream of the pixel outputs.

[0025]  Referring now to FIG. 4, a CMOS imager 400 constructed in accordance with
an embodiment 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 is organized into N pixel
columns and R pixel rows. The pixel array 410 contains an active area 412, a column-wise
calibration area 415 and a row-wise calibration area 417. Pixel outputs from the N pixel
columns of pixel array 410 are digitized by the paralle]l 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




5 WD 2007/ 013951 PCT/ US2006/ 028129 reduced nunber of nenory bits are
required for storing offset values, reducing the required capacity for

of f set 0026] Ceneration of the noise-reduci |

i mpl erre?n‘{(g%)%&&ggél colum-w se offset calibration md[]ﬁ%e‘gﬁ@&%{@éh? row noi se
correction nodul e 454. The noi se-reducing offsets generated by the

noi se-reduci ng factor generator (block 450) are stored in a noise reduction
menor % didedGinthePof thb@onPbifeart fsufrbd for Sfoking bFis &N, defudife tHedbqfirdgeduct i on.
menory bl ock 460 are dpplied, ‘as needed, 'to nodify pixel outpUts carried in
t he s@picity fdaofsetstosage. 440 during normal i mager operations. (0027]
According to the exenplary enbodi nent of the invention showmn in FIG 4, the

ti | - W. i - redyci ffset duri th
dal brat 1 R0RI"a (iEReiRto of thy B TtiinRcheRols R R RGP AR SBRESS 5 bet or e
nor nvéffgeﬂ@ﬂi%falt_ﬁa%@ém@m atflfarf%twﬁdié'e dor@Btion a8 aulk 1641 TRERbisERAMubREd

cali bration. The generation of noise-reducing offsets 1s acconplished by

app! yoffsgtspenerhited drydhe hoigérreducipgdhctar genedaton (locl 450)lare stotelddn ambiseam- wi se
calibration area 415, The applied referepce |ight signal may,be a signal
ot | TR chRoly blrk A6l TR RolsEred GO TRF g Slorehin (e Rs FBHIGERERSRCe. val ue
of - anpbiesbq drg Bfpli abd, Y6 Inbdifh BicPORbiS Larried ¥ gm3jqpnal may
be ap(lan%vﬁdvdg??%%leﬁépp éi&e%j ’iﬁ%ﬂebfhrg?ﬁf to ttﬁea%exe ﬂ%%&ﬁ?fl kla%)ﬁ% Si rﬂl ating

t he ahpingmatmarimagercoperajions.si gnal . The col um-wi se cal i bration area 415

I ncludes several rows of the pixel array 410, the included rows usually

|l ocated near the edges of the pixel array 410. The col um-wi se of fset

cal i brati ([Goi'adm %cé&%iﬂget_@(iﬁe &&eﬁ?lar?%%&iﬁxeﬁ?&ﬂh& hﬂﬂnﬁ?&éﬂoﬂﬂﬁn Figf grence
l'ight signal or voltage signal being applied to the colum-w se calibration
ar ea thd generafion of cblnmm-wiseaotsefreditcingxfsotsaiccwrn duingithe cabibratiomdfa pixel Npi xel

outputs for a given row of. i xels in_ncrenmgnts of n pixel outputs, where n
el Y e e cAhHOS St PRSI HRL e SR HoBE, o 3 1 R o
modul ﬁh@% Hﬁ%e g‘i&?rﬂébﬁ calfbratfdff. PR ehdthiidh é@%‘fse%&nﬁ!in?b‘ffﬁ&g 8 (or 1024

col ums ead in 128 sets of eight if the colum-w se offset
cal i baceomplished Uy lapplyirigy refeaehoeilight signabot voltage signalro e baumytvake ei ght) . An

e EbIHAR preddi S o Ths Agpites M B R ELmRY b o sl n SR b atbeRodls oot o
are te{?lg'imﬁ@érﬁ UbRl 86sdhOMMENRIAMRE ITRe oE}@ﬁ{liﬁﬁflighb?AE&hEﬁ's}eﬁ,% fhpliegt val ues

represént the “difference between one of ‘the n pixel outputs and the
cor r esferende Ngltagesigngbmaiy bela knowpyoltigerapplied internally to the pixel array 410,

simulating the application of a light signal. The column-wise calibration area 415 includes

several rows of the pixel array 410, the included rows usually located near the edges of the pixel
array 410. The column-wise offset calibration module 452 reads pixel outputs resulting from the
reference light signal or voltage signal being applied to the column-wise calibration area 415.
The column-wise offset calibration module 452 reads the N pixel outputs for a given row of
pixels in increments of » pixel outputs, where 7 relates to the number of inputs to the column-
wise offset calibration module 452. For example, 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 n 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 n 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
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respective set of n pixel outputs. This nethod of cal culating offset val ues
differs fromtypical nethods that determne the offset value in relation to
the difference between a pixel output and an expected pixel output (which
ref er s wo wdh@ipisxel output that is expected for each PCXAIS206/0282%5 WO

2007/ 013951 PCT/ US2006/ 028129 given reference signal). By instead

cal cul ating of fset val ues with reference to the average pixel output,

ffset | d | th tead of
St or NP BUSFERERIERRY. PAREEe R AIE SR pAEN ¥ithgelbemee e BB EBELT 1o
cor usi Py %%éfeﬁwﬁé%ﬁ%%ggﬁﬁ%%ﬁmﬁ VY P el

col utMm-"wi’se o set at1on ¢ Ve y pi er
of f s giotentibily largeyrinelraffsetvalndsi{geresqied tith cespbot tatherexgected pixbboutpyt) m&h

outp ph r equi r| ng only a. |l ow nunmber bits redum ng menory
requ.r?%%w ehiiugiies of BEMORS bifsa thepolunipiess, 0%6%@58@&0 s@re%n

derTonsh bl e Bhfed GHLGRH ol B e W}? &?&f QR
r edueech wfjfising onIBEmMWnﬁrﬁbéImfmmdr? bits, keduidihg rﬂémbﬂ}&egmgﬁmﬂs | Thieft | on as

applied to a set_of pi xel outputs. In the standar ffset nenory
_ techﬁP@GBSt{%¢®@IFI§§O§ andhpRel outputs froma set of n colums (for

convenience, n will be assuned to be eight) are each corrpared with an

expect ed deﬁ ufgﬁﬁs de%%su%ggﬂm%g)#%g&hq% %@1 ﬂ,gf pﬁ#fgt cal cul at ed

representi-ng erence en plxe and the

expeelengbrp lterchhlqnu (lotk 510).of e cvnyermionakianmgere OOr(FlG amdmheareﬁuwwfset out put
val ues and an expected |er output, 514 are in |iated in FIG, 2 5. Using the
exarrmf‘énorvéwéiwupﬁb Bflpe20)0f the HF?%E&HV?&I%QS apphce tomses of ppdrel grtputss Ilar e

Ca' C%@.ﬁt reqw res g%gﬂb “ngkbl?ﬁéﬂ%:fﬁo ip'iltst 9's¥€6fneé‘cflﬁmké fol EMOT Y

1
S In order t store each

of f s ebnwemianee bewiiliseassimeditd Hrodghtphre eaﬁgdsunﬁpadai wfth taheprcta‘demmmtput n the
exarrpl es shovvn t he pi.xel val ues raag%[from bi n?hy Vvalues 0 to 255. A
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examples shown, the pixel values range from binary values 0 to 255. A calibration reference
level 514 is set at about a value of 154. In contrast, block 520 demonstrates the reduced offset
value memory requirements associated with the invention. The same exemplary pixel output
values are used in block 520 as used in block 510. Using the exemplary pixel output values, an
average pixel output value 526 is generated for the set of n pixels, and then offset values for each
of the n pixel outputs are calculated with respect to the average pixel output value 526. The
resulting offset values are stored in memory block 522. In the given example, because the
average pixel value is closer to the actual pixel value, 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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average pixel value is closer to the actual pixel value, a bit depth of only
three bits is required to store the pixel offset values. [0029] FIG 6A
represents a bl ock di agram of one of several colum-w se offset calibration
ci rcui t sYEOBOUMSEH may be used in parallel in calibrat it/ E882 for
each of the sets of n pixel outputs fromreadout buffer 430 (FIG 4). In
the circuit of FIG 6A a plurality of arithnetic nmean units 610 are used,
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[0031]  If the number of average pixel outputs per row is more than one (if N/n is
greater than one), then the circuit 605 must be used again in further rounds of averaging in order
to account for variations between the average pixel outputs of each set of n pixel outputs. Ina
second round of averaging, an average pixel output for each set of n previously calculated
average pixel outputs is found. For example, as explained above, a pixel array where N equals
1024 and » equals 8 would initially result in 128 average pixel outputs. These 128 average pixel
outputs can be further averaged in a second round of averaging using the circuit 605 to find 16
average pixel outputs (128 divided by n, where n equals eight). A third round would result in
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 N pixels represent the difference between the pixel output value and the average

output value for all N pixels in the row.




1024 and n equals 8 would initially result in 128 average pixel outputs.
These 128 average pixel outputs can be further averaged in a second round
of averaging using the circuit 605 to find 16 average pixel outputs (128
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454 acts to generate noise-tolerant roww se offset values. To acconplish
this, the [@084h0i SFo exsure that pivels oo differéhitrons ad thepirrayl are sthpothedi gnal s

originating fromthe roww se calihrati e 417. The pixels in the
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embodiment of the invention. Referring again to FIG. 4, the row noise correction module 454

acts to generate noise-tolerant row-wise offset values. To accomplish this, the row noise
correction module 454 reads pixel output signals originating from the row-wise calibration area
417. The pixels in the row-wise calibration area 417 are optically black pixels, meaning that the
pixels in the row-wise calibration area 417 are not exposed to a light source. As a result, the
pixel output signals from the pixels in the row-wise calibration area 417 represent signal-
independent noise. As each row is read-out from the pixel array 410, pixel output signals from
pixels within the row-wise calibration area 417 are input to the row noise correction module 454
in increments of » 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 », the circuit of FIG. 6A is used repeatedly until an average pixel output value has been
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pixels in the roww se calibration area 417 are not exposed to a |ight
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[0036]  FIG. 7 demonstrates a row noise correction method performed by the row
noise correction module 454 of FIG. 4, in accordance with the second embodiment of the
invention. In block 710, an average pixel output 712 is calculated from a set of » pixel outputs
from a plurality of pixel outputs on a row, using the circuit described with reference to FIG. 6A.
In this case, and by way of example only, n again equals eight pixel outputs (shown as signals
DO0-7). Various example values for the # pixel outputs are shown. For example, DO has a value
of 4, D1 has a value of 66, and so forth. Because these pixel outputs are from optically black
pixels, the pixel outputs are significantly less than the outputs generated during 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 D0-7 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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recently cal cul ated mv+w se average pixel output. [0036] FIG 7 denonstrates
a row noi se correction nethod perforned by the row noise correction nodul e
454 of FIG 4, in accordance with the second enbodi nent of the invention.
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previously calculated average pixel output.

[0037]  Using the method shown in FIG. 7, a refined, noise-tolerant time-elapsed
average pixel output is determined for each set of n pixel outputs in each of the rows of the row-
noise calibration area 417 (of FIG. 4). Where the number of outputs per row in the row-wise
calibration area 417 exceeds n, multiple rounds of averaging using the method of FIG. 7 and the -
circuit of FIG. 6A results in a single noise-tolerant average pixel output for each row.
Significant noise, or noise that exceeds the predetermined noise threshold levels, is not
considered in the calculation of the average pixel output. In this way, row-wise 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
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continues until there are no pixel values in the set n which exceed the

noi se threshold based on the |ast cal cul ated average value. In FIG 7, this
occurs when the average pixel output 752 in block 75Q, 14 ed, the
aver age® #8103 put 752 being equal in value to the (al)\fﬂél?%%g&g#?(% out put
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signal 814, then the respective input selector 820 is set to select the average pixel output signal

816 as an input for future iterations of the noise reducing processes. Optionally, respective
adders 850 may also be activated if the threshold is exceeded by an offset signal 814. The
optionally activated adders 850 sum the respective offset signal 814 as output from the circuit
830 with the corresponding stored offset signal 8§18. In this way, offset values for high-noise
pixel outputs may be optionally calculated and stored while still using the process of FIG. 7 to
obtain an average pixel output value that is not affected by high noise. The noise reduction
module 800 is used in repeated iterations until the stored avérage pixel output 819 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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within the roww se calibration area 417, then only one circuit 800 is
necessary. The digitized pixel output signals 810 input to circuit 800 are
sel ecte ' by a plurality of input selectors 8 0 e wll be
made clgggi%%&g§%lThe out puts of the input selectors 8€§h@$ﬁﬁﬁﬁéﬁ£ﬁnput to
an averaging circuit 830, such as the circuit represented in FIG 6A The
output signals of the averaging circuit 830 include a plurality of offset
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output in I:bot]fl] di nensions of the ci)i xel array?p is that ., both the col um-w se

of f semvemi/onb&sateseﬁbed@bgv% Iniiplly,ox qwr@ir;aﬁpn@ﬁwh@t&@r ealibratinnse tb@imwlr ison 1ﬁ P;
' WO 9 S : 4, VU]
same FOPe Cerk T eSS RoosRRY Wi ¥ e il R ecf it b €, | 0°

of f sekh&@tthe Up&hliNmpaO6EHS fiages hey dhahged, befuy b perfdiiied Relesivsk Ifhds of f set
cal cul ati on processes act upon a set 1t of parallel pixel outputs, overall
cal cudetarminedithateglibration jsaigerssaly, theria rafersncq Nght peveltags signal IKapRHedMPiths t y of
the ci L L - 1S i C | | ps i ng
L Sl S PR R ) AT CHRGHLAG B & A ot
including the pixel outputs from the rows in the column-wise calibration area (block 915). In

a3

block 917, a decision is made as to which type of offset should be measured and applied. If
column-wise offsets are to be determined, the column-wise calibration module reads # of the
digitized pixel outputs from the column-wise calibration area (block 920). From those z pixel
outputs, an average pixel output for the n pixel outputs is determined and the associated pixel
offset values are calculated. Additional digitized pixel outputs from the same row of the
column-wise calibration area are also input to either additional column-wise calibration modules
or are multiplexed into a single column-wise calibration module. By iteratively using the
column-wise calibration module(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 column-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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simplified. [0040] Referring again to FIG 4, once the offset values are
calculated fromthe refined average for a set of pixels n, both the row and
the columm offset values are stored in the nenory 460. During actual image
acqui si tW8AWHMISEt or ed of fset val ues are summed with PREUSZWPOZEbNdi ng

pi xel output values in the serial data stream 440 for noise reduction.

[0041] FIG 9 is a flowhart summarizing the steps of the third enbodi nent

of the in lon,_.as descrj bed above, Initially, a determ nation of et her
oal | br at | on 0021 hoWihen grels fom e tDgeiss CRURIEAG ik Res3d-otinfl BYREGIXTIo
neces ' s . S i.Ng node
of 1 nooimts S412AcH 8% Lo B orhEipof fik it 100G WIS rOwist Afbrieln HOFAFY &

det er nietearireti ghlocla92 3) throughn a neisevularasiatime eldpssaveragihg prcess usingfthe sumevol t age
signal i,s a&%,ed to the caolum-w se calibration area of the pixe] array

f
( bl ocbage gsithmetic mean siropyit psadiin sghegatingdhe eplymniofiset valyesc Thamsgptveaalyeof |

out pu +] I =W | i | ( 5. In :
bl ook By ARTGT ARt ol R MYl 3 8,67 PR R E b AER e ) e
and apgiveise cdlibrationlass v Vi @eoptidaligblchr & dalvubsedieies ffien ealue i wored(Blotk Wi se
calibration nodule reads n of the digitized pixel outputs fromthe

col umi> and then bash tha ol effsehvales suddho stgyed cpfusin efen aalues pregpliedigithut s, an
assoc PRCEaTE s Bk ol APreboBl B (HRLR 25715 JF1 EBh AR OF Dty e

out put@a tew of pirel aapats, thanext rév s resdbutfronmirerey| idrcatagsin, af@dRoffset valus o
I nput ;to_either additional colum-w se calibration nodules or are

mul ti pY eladatpd i sored anddhembaththegewdy-salrylpied row otfsefamddhe sigredicalumy vel y
usi ng | ' ' 3 | i gpal
out po 2SS Y TRLGE PRl bithith bERe BN Rhpbut B, AL AEReS TS uE
cal i baHtrows frafnethe pikel artaydhiave Yeal repd-vey, anf 4 soot offret asluedds been datdudiiedfort o a
correspondi ng average colum signal output value are also determ ned for
each ecpibaew inthe aciive gregfl 2wt the &y i#dPat i on area 415. An average col um
offset is found for each colum in the multiple rows within the colum-w se
calibratio a. . COf - kst he array
5 det or i ROTPEY G b e EALUNIR BcChngy §Baiicdlp o RERER Mo A Z T ' Y
WO 20047113385 theRbdl¢JG24206£dD e8ibZaion [phébésy mihbeugeidoehsurtentip fohany envidlwi se
calibration area are read-out,, an average, pi xel output for each row for the

por t i dRags acgpisiions peréormed byitheimagen eAlteriiativels theptfsst ¥alpemarg stozedsend may

be used in a non-calibration mode wherein the image is acquired (block 945), the resulting pixel

signals are digitized (block 950), and then both the stored row and column offsets are applied to
corresponding pixels (block 955A). Noise in the acquired signals is reduced by summing a pixel
offset value with each corresponding digitized pixel output signal. In the first embodiment of
the invention, the applied noise reduction operation will result in column-wise smoothing in the
acquired images. The column-wise smoothing is an immediate result of the summation of pixel
offset values with the pixel outputs. In the second embodiment of the invention, acquired
images will exhibit row-wise smoothing. The row-wise smoothing is a result of the
determination of noise-tolerant average row pixel output 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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determ ned (bl ock 925) through a noise-tolerant, time el apse averaging
process using the sane basic arithnmetic mean circuit used in generating the
col um es. The negative value of the calcul ated average pi xel
out put ?%’E)%gé%% r%w is a row offset value, since the p| %é[‘([é%p()ﬁ/ﬂlz row-w se
calibration area 417 are optically black. A calculated row offset value is
stored (bl ock 935) and then both the row of fset value and the stored col um

cor r espondl ST o ABFltd bulcesprace sfkSem 06 e ERRBA AT bEEer o ¢ o
of pi ¥evic®13Havingt ysixelootuniPind Bw RAck: ReectidiosVsteifcdtstradted SNORliAPRI e a I OW

of f-set value 1is calculated and stored, and then both the new y-cal cul at ed
row opresent lmtloms lﬂuﬁra&ﬂ indIGH). Afprenssser ha@dawemesjexamnlw qﬁawstemut put s

f the new h
oi el PR PbiA0R R ol bon oSl BVESS i} AT, dfithons bEing Lt L ot o
for  eapdlerh @wﬁldfin&lﬁ& aagémme m4&£n&a sydiéin asrcamer %abmﬂé)ﬁéﬁh spagause the

cal cul ated offsets may be applied to an acquired duri ng cali bration,
t he abelhiele savigatianesystsal, wi;cleattqvl@phOpc,cs@wsllmgfsys@:mwtb mwstegmstay tragkerany or

I f, LY. the off
Val uc AT RSP Ry Bhagt o e s TSRO B AERIPER n ho

image is acquired (block 945), the resulting pixel signals are digitized
(block 950), and then both the stored row and columm offsets are applied to

correspondi ng pixels (block 955A). Noise in the acquired signals is reduced
by sunmm ng_a p| xel offset value with each correspondi di gi t| zed pi xel

out put si gH¥Mo] | n A procpsseE §ystaih §UnasA cagrera system, rewtamvie gengallypl i ed noi se
reduc s I acquired
matgeéér8 S%ng?ﬁ Bhwgég%@fgqptawogeafép&n@g ééﬂb(%t%dr?ﬂi% ﬂe summat i on of

pi xel corﬁfnﬁﬁlehteyahﬂa&a imputioutpue (NO)ddvice 0RO bser alb11st1|090 S@h@@M@ShﬁdgdffHOBO of the
invention, acquired,  images will exhibit roww se snooth . The row w se
sroot MER gomEEicatss with the sxstrén corapQueHis 9 es s 10P0.ndhe éOIPB‘IltE? %Eenawpa?é@ r ow

pi xel I cul ation
nor e ll.lll(r%l gé:%%ng@%%ggesg %@thﬁgglalinl;ea{sl(&airtﬁéa(r}a(rgé()i;h?(ﬁb%%‘gé %)F’ISI rd ekbodl ment of
the i hiekride peﬂpheaﬂmvfce@lsucﬁmesemaa\Panleem&nbnytlwotmémﬂsmmnﬂaw@muhn W se
snoot hi g]gmd 004 t!héAIthou h_an exenpl enbqdi nrent of the inyention has been

shownCP pug 10k LM OSamager W3§n%prafe@ahxbewmlef@6gﬁa&ant@mt@ dt he

| nvenbh a4y cﬂﬂich{dhg})ﬁ%arcg&;aarﬁgﬁgﬂas gfg@ss%nsdrnmcﬁq@ 3bibloRfte of Botb6AAL TAN Y be

i npl enen el ware br an ereo
CMOS imager 1030 may be combined with a processor, such as a CPU ngltal signal processor

or microprocessor, with or without memory storage in a single integrated circuit, or may be on a
different chip than the processor.

[0047]  While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example, and not
limitation. It will be apparent to persons skilled in the relevant art(s) that various changes in
form and detail can be 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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WO 2007/ 013951 PCT/ US2006/ 029129 [0045] A typical processor based system
1000, which includes a CMOS i mager device 1030 having a pixel colum and row
noi se correction systemconstructed according to the present invention is
illustrated in FIG 10. A processor based systemis exenplary of a system
having digital circuits which could include CMOS i mager devices. Wt hout
being limting, such a systemcould include a conputer system canera
system scanner, machine vision system vehicle navigation system video

t el ephone, surveillance system auto focus system star tracker system

noti on detection system inmage stabilization systemand other inmaging
applications. r(} 4i [0046] A processor system such as a canera system
for exanple, generally conprises a&ﬁﬁﬁhﬁg processing unit (CPU) 1010, for
exanpl e, a m croprocessor, that ates with an input/output (1/0
device 1020 over a bus 1090. The CMOS i mager 1030 al so conmunicates with

t he systen1comnqmen§3ammﬁgcbuﬁt&nﬁﬁnmgﬁax@qﬁgu%er systen11000 al so includes
random access nmenory (RAM 1040, and, in the case of an inmaging system may

i ncl ude perlpheral evi ces such as a renpvable nenory 1050 whjch al so

conmuni cat es &PER! VAS FOTRSEP IR EHIL foyedetsminingoan anPIXﬁh@EPUtYGQG forp
prefer abbmreqwﬁ %0 RithuR $ald dsSHcRlaARla oditdsfy Mdﬁng‘éﬂh&hﬁ!&fﬁ) AHESuRLE S

containing a osen suc a p ot ogat ot odi ode
i mager 1®Bﬂ1mummhewconb|ned Wi th a processor, such as a CPU, digital signa
processor or nicroprocessor W th or mﬁthout menory storage in a single

10047] i 1 & bitbaRes A raistLioBmehls Shadint & SobaRlpre heleRidsn

descr i bedachalfehesluralitydT@iteflolputy Bl e&aém@ tﬁMffeﬁeh@efbé%@y@l dagebf e esent ed by
way of exanple, ‘and not limtation be apparent to persons skilled

in the réll@%}ﬁ@f pikel ogiputsaad tmwi%ew&wgeglmwumt&muand detail can be nade
therein without departing fromthe spirit and scope of the present

i nvention. Thygmﬂ%ggu 1@@p55%%%%gthgqaﬁgggégAnot be limted by any of the

above-descri be ary e ment s IMS 1. A noise-reducing

circuit of an imager, conprising
an adding circuit confi gured to combine each offset value with a corresponding

pixel output signal,
wherein said offsets are used to reduce imager noise in pixels in the imager row.

2. The noise reducing circuit of claim 1, wherein the offset values are generated
and the average pixel output value is calculated using parallel input arithmetic mean

modules.

3. The noise reducing circuit of claim 1, wherein the plurality of pixel output
values are associated with » pixels in an imager row of N pixels, and the pixel value
correction circuit , the column-wise offset calibration module, the storage circuit and the

adding circuit are applied to each of a plurality of groups of » pixels in the imager row.

4, The noise reducing circuit of claim 1, 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.
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a pixel value correction circuit for determ ning an average pixel output
value for a plurality of pixel output val ues associated with a
correspondi ng plurality of pixel colums in an inmager row, a colum-w se

of fset calibration nodule configured to generate an offset value for each
of the plurality of pixel outputs by conputing the difference between each
of the plurality of pixel outputs and the cal cul ated average pi xel out put
val ue; a storage circuit for storing the offset values; and an addi ng
circuit configured to conbi ne each offset value with a corresponding pixel
out put signal; wherein said offsets are used to reduce i nager noise in

pi xels in the imager row. 2. The noise reducing circuit of claiml1, wherein

the offset v S are generated and the average pixel gut val ue is

cal cul ated uak 15 pRIsGFREFRE RlH: of i rererid rorsttn /et GibrafEn noi s
reduci ngmelE W thrtRdr ceh@duRedlio ORPLRIAN ikiNS REMESDIEVoudlutRakEfordhd Put  val ues
are associated with n pixels in"an i mager row of N pixels, and the pixel
val ue cplnralitn afoptiedllydilack pixel hetputoralues.-toiseta refefanet aaagelpizd bwtpunodul e, t he
storage chrcuit .and,th adding cirecuit .are.applied to each of..a .plurality
of gr oup‘gal%eft%r%ﬁeplflﬁlgf %ve?a}getp%e'lp E;tev fq'eo%ﬁlg%l%ﬁ‘rﬁlge%o&?%ué V?Igﬁﬁgg‘%‘{jﬂail cuit of
cl ai m 1, vafluy fedif kheCrofidnics bvigag ;ﬁmmudl;aﬁevaqxfef@apre@@érhMeﬂttmwmdul e for
determ ning an additional offset value for the plurality of pixel outputs

by fi ndi#eouith apd & delempinsnevpipferencemayerage pixeloatnut yalue afygsrenlagingthp| ack pi xel s

by fi iRg Gl ack pi xel
- owe i sc BT RapHREPYER At VR, p ARG et Bl ofbudo k™ Cute an

initial average pixel output value for the plurality of optically black
pi xel out put & dlheawijsetredwatg arcnig bEcleinc veheesimthe rpwxeise offisep valibratminue t o t he

initial avera i xel output lue,, tg identif i xel out put .val ues that
ditfer oy urtiersantaneld ondomiether thensyavirabe Pixghavsui volle ineangl o

predet er @itRestidrRERRNSS &leraa8PhRl outpitdatue, td94-66t Thdstick réfemnéeiRiMBCE aver age

pi xel output value after replacing the identified pixel output values with

the pri opixeloutpuevalee wthe aeyeaysirageipixsliopnut wahieuand tg reppakthpstepeof educi ng
cireult by Merermify, HnlingARd WM GeiPh haly deRtnleB bl @Hge pixel

output value is equal to a prior reference average pixel output value.

7. The noise-reducing circuit of claim 6, wherein said circuit is configured to
repeat the steps of identifying, determining, finding and re-setting until there are no pixel
output values that differ in value from the reference average pixel output value by the

predetermined threshold amount.
8. 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 an

imager row;

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
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nodul e is further configured to find whether the new average pi xel 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 pi xel

out put value, and to repeat the steps of identifying, determ ning, finding
and re-setting until a newy determ ned average pixel output value is equal
to a prior reference average pixel output value. 7. The noi se-reduci ng
circuit of claim6, wherein said circuit is configured to repeat the steps
of identifying, determining, finding and re-setting until there are no pixel
out put values that differ in value fromthe reference average pi xel output
val ue by the predeterm ned threshold anmount. 8. A noise-reducing circuit of
an i mager, conphi-sing: calculatin n “ﬁo cal cul ate aver.a i xe

out put val ue b"gn%ﬁﬁ? atlotc)o/mgpe eg‘il{:'ﬁfse‘g ‘Eu‘?’ﬂ?/%fi%esgp I@ﬁ:ﬁ"é?lé’g?mﬁ? th a

cor r espofigingiRdl i tkiihygedkowl xel colums in an imager row, generating neans
to generate an offset value for each of the plurality of pixel outputs by

conputing the difference between each of the plurality of pixel outputs and
the cal cul at et Hirdioigaredicing cmuttﬁﬁelamﬁwher@@&wdg‘@eh@iﬁ afepgenergied t he of f set

val ues; ﬁ@gh o j 3 . 1th a
corr espondi n%&%f@g{y%eg? p ?mﬁ% O%Eégc%%%?g}%ﬁ %ﬁﬁé& 1 ?Ir?frlalg%ﬁth}rﬁg{\}vy%m The

noi se-remodulesy circuit of claim8, wherein the of fset val ues are generated
and the average pixel output value is cal cul ated using parallel input

it het i dul es, 10. .The pgi.se;reducipg circuit of claims8, wherei
the pl ural i yitof TR TednepRbcire o (el s, ovistedn ¥ alosnliior As] UL s 1 0 an

i mager raesfardsfdckRéEwitRRPitelitin Galimaler W ef N PBRRSand e cAewlshdt | Ng means,
t he storage neans and the conbi ni ng means are a pfled to each of a

pl ur al i t§ieaws, the eensEativg meaps, kg sorpge mpansiang dercombiningimeanpiage appliedtor educi ng
circuit of I . r [ S1.00: ing neans to determ ne an
addi ti oné(zldlCh g#?éfeaka% a{)fu%B%rOft%ﬁ;ewggn idr?egm?a%gigré%drow by finding an average

pi xel output for pixels froman optically black portion of the imger row
11. The noise-reducing circuit of claim 8, further comprising computing means to

determine an additional offset value for the entire imager row by finding an average pixel

output for pixels from an optically black portion of the imager row.

12. The noise-reducing circuit of claim 11, wherein the computing means further

comprises:

computing means to find an initial average pixel output value for the optically

black pixel output values;

setting means to set a reference average pixel output value to the initial average

pixel output value;

identifying means to identify pixel output values that differ in value from the

reference average pixel output value by a predetermined threshold amount; and

determining means to determine a new reference average pixel output value after
replacing the identified pixel output values with the prior reference average pixel output

value.
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12. The noise-reducing circuit of claim1l, wherein the conputing neans
further conprises: conputing neans to find an initial average pixel output
value for the optically black pixel output values; setting nmeans to set a
reference average pixel output value to the initial average pixel output
val ue; identifying neans to identify pixel output values that differ in
value fromthe reference average pixel output value by a predeterm ned
threshol d amount; and determ ning neans to determ ne a new reference
average pi xel output value after replacing the identified pixel output
values wth the prior reference average pixel output value. 18 13. The

noi se-reducing circuit of claim 12, wherein the conputing neans further
conprises: fin i&lﬁ) neans tqQ determ ne whet her the new average fpi xel out put
val ue i s equall>kThe pejsetsducing gircuiteof glaiin d &, whesein dhe qompating mepn fugtherye:
re-settiggnhpEa@Rs to re-set the prior reference average pixel output value to
the new average pixel output value; and repeating neans to repeat the use
of the identifying, determning, finding and re- setting neans until a newy
det er mi ned avéndige meansto deterpine whatheethe sew@uerage pixel qutpud value sfegnance aver age
pi xel ou%s)hllt v.al ufﬁf 14. The noi se-rgdagci_ng circuit of claim15, wherein said
circuit i SBHPV@ %rgetageragee%éﬂtou{% v 'feeps of identifying, determ ning,
finding and re-setting until there are no pixel output values that differ
in val ue fronmd-keatingah&ne RCre-s2yhE pei6r feferdice avkrate pixvd loupubyaltid® thphedet er m ned
threshol d amount. 15. An inmager, conprising: a noise-reducing circuit, said
noi se- r e@YRERGSPI¥S! PutpUt vAlemigRd si ng: a pi xel val ue correction circuit
configured to cal cul ate an average pixel output value for a plurality of

pi xel out put i@wﬁ% RGO RPEA thi s oPthE RehEFRR ditBOninbUfiddihg dnddE- PI xel
colums in an imagéer row,

setting means until a newly determined average pixel output value is equal to a prior

reference average pixel output value.

14. The noise-reducing circuit of claim 15, wherein said circuit is configured to
repeat the steps of identifying, determining, finding and re-setting until there are no pixel
output values that differ in value from the reference average pixel output value by the

predetermined threshold amount.
15. An 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 an imager row;

a column-wise offset calibration module configured 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;

a storage circuit to store the offset values; and
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a colum-w se offset calibration nodule configured to generate an of fset

val ue for each of the plurality of pixel outputs by conputing the difference
bet ween each of the plurality of pixel outputs and the cal cul ated average
pi xel output value; a storage circuit to store the offset values; and 19 an
adding circuit configured to conbi ne each offset value with a corresponding
pi xel output of a pixel in the imger row 16. The inager of claiml1l5,
wherein the of fset values are generated and the average pixel output val ue
is calculated using parallel input arithnetic mean nodules. 17. The i mager
of claim 15, wherein the plurality of pixel output values are associ ated
with n pixels in an inmager row of Npi xel s, and the pixel value correction
circuit, the colum-w se offset calibratigon nodule, the storage circuit and
the adding circuia 2ddisg sppit emfigured i epmaftingeash offsgtivelue 3ithy oups of n pi xel s
in the i . i d : j 5, wherein said noise-reducing
circuit %&t Oélpﬂlgc?rlr%egf)gégf%fa@%&%&fgéﬁ% g%vg- cal i bration nodule for

determ ning an additional offset value for the plurality of pixel outputs
by findi ng anlGvkhednegesiof elainy i puherdin theapfisetuvahies axe geheratsdianditiey bl ack

pixels in the i r row. .19. e | nmager .claim18. wherein.the roww se
b et caterass RbREATRMAMe i Gneylley ReinIRl e Cothpfoc Bt Bodes i ¢ o
average pi xel output value for the plurality of pixel output values, to set
a reference averrgempget@lf claith PSitwheadin thelphurbfi of Pixel @btp@vwangere pi xel out put
value, to identify pixel output values that differ in value fromthe

refer enc%?so%@?‘dgg"ri’il&e@ in gy dmager o aENVpxels, Mddhe pixehyaleecareeiehol d amount ,
and to d i W T r :aV i t ter replacing
fhe 1 denci aeoftofiPdfice cEABI ARSI AHE (B MBhp Ut ant MtIae ™ e Bl <o
out put veatcue arepplidhe daningea plofalich afi groups of wiptetsi in thehimagenvowi se of f set
calibration nodule is further configured to find whether the new average

pi xel out put l.ue .is equal .to.the priaor reference. av e pixel output
Dai te, “torro- o R teRed B Pepr P Bieedih 5008 pol§Ersgh e Sl EHRAS Brises 't he new
aver age PpiowelvisevfeticaNBratiéh moddle Fst deRRRMingldnQdaiioRS oFfset vARRIfOF heNg,
determ ning, finding and re-setting until a newly determ ned average pi xel

out put veln@hityi of pixed auiputs by dindingep averpes pikel outpyefosgelysalitsiof eptigally val ue.

black pixels in the imager row.

19. The imager 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
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.

20. The imager of claim 19, 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 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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20 P 21. The inmager of claim20, wherein the roww se offset calibration
nodule is configured to repeat the steps of identifying, determ ning,
finding and re-setting until there are no pixel output values that differ
in value fromthe reference average pixel output value by the predeterm ned
threshol d amount. 22. An inmagi ng system conprising: an inmager, said inmager
conprising: a noise-reducing circuit, said noise-reducing circuit

conprising: a pixel value correction circuit configured to calcul ate an
average pixel output value for a plurality of pixel output values
associated wth a corresponding plurality of pixel colums in an inmager

row, a colum-w se offset calibration nodule configured to generate an

of fset val ue for_each of .the urali.ty of pixel_outputs. by copputing the
i fTerence -tk vRbe gz ot St B Wik hedgmBr oot Bt Biann it Ehe
cal cul at gafigyRa @(Qla%példtﬂ?édsé@dbpNfentif&ﬁ]gyge'tet?qiﬁhg,rigﬂlﬁlgcdnﬂCré‘-!s&ttiflé’ﬁntﬂt oring the

of fset values; and an adding circuit configured to conbine each offset val ue
with a thererasspopigelnytpit xedpesghatplifferan valup fremithe refargriceiavergge pixelw. 23. The

i magi ng &}@%?Q?ggfvgE‘{eaﬂ;;gi?e%e%miﬁ@a%f?%“&ﬂ%hﬁ qlft_fset val ues are generated and the

aver age pi ue is ca é%lusing parallel input arithnetic

mean nodul es. 24. The inmagi ng systemof claim?22, wherein the plurality of
pi xel out put 22alAtesnaging systemceatimidingt th n pi xels in an i mager row of Npi xel s,
and the pixel value correction circuit, the colum-w se offset calibration

nodul e, the starage clquit and the adding circuit are applied to each of a
plurality of ¥rBEed: W MISFLAPIISHE he i mager row. 21 L 25. The inmger of
claim 22, wherein said noise-reducing circuit further conprises a roww se

of fset calibrati on yeRdubdiciicidel aaindisededRinddiichit eaaprigid:set val ue for the
plurality of pixel outputs by finding an average pixel output for a

plurality of optically | L.
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 an imager row;

a column-wise offset calibration module configured 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;
a storage circuit for storing the offset values; and

an adding circuit configured to combine each offset value with a

corresponding pixel output of a pixel in the imager row.

23. The imaging system of claim 22, wherein the offset values are generated and

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

24. The imaging system of claim 22, wherein the plurality of pixel output values
are associated with » pixels in an imager row of N pixels, and the pixel value correction
circuit , the column-wise offset calibration module, the storage circuit and the adding

circuit are applied to each of a plurality of groups of » pixels in the imager row.
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bl ack pixels in the imager row 26 The i magi ng systen1of claim 25, wherein
the roww se offset calibration k nodule is further configured to conpute
an initial average pixel output value for the plurality of pixel output

val ues, to set a reference average pixel output value to the initial
average pi xel output value, to identify pixel output values that differ in
value fromthe reference average pixel output value by a predeterm ned
threshol d amount, and to determ ne a new reference average pi xel output
value after replacing the identified pixel output values with the prior
ref erence average pixel output value. 27. The imagi ng system of claim 26,
wherein the roww se offset calibration " nodule is further configured to

find whet her %{;e new averg? |xe output value jis equal to the prior
reference avefagEgimeger of sfam 2y wherein spig nojsegeduengeingpit Birthep¢ompsitee aver age

pi xel ouf pyih-wi& d{ﬁeﬁ&mﬁoﬂm«d@l\é%@& dﬁ% nganefg%hamsu@valmr {hlg repeat the

steps of i1dentifying, determ ning, re-setting until a newy

det er mi npmraimoiagselpumts bydutding an\ﬁazbltage pixelomppait fora pluplifyarf optiéadlyence aver age
pi xel é{)tﬁ% e The i magi ng system of claim 27, wherein the row w se
of f set carfbPaf Hh el?‘ TfO%pdul e is configured to repeat the steps of

i dentifying, determ ni ng, finding and re setting until there are no pi xel

out put val ues24.hEte ighiafin@fsystén \6atldin D5, oihetdi@ the@bRIVERE 6ffseb¥aibagrRnpPi Xel out put
val ue by the predeterni_ned threshold anmpunt. 22

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.

27. The imaging system of claim 26, 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 and re-setting until a newly determined average pixel

output value is equal to a prior reference average pixel output value.

28. The imaging system of claim 27, wherein the row-wise offset calibration
module is configured to repeat the steps of identifying, determining, finding and re-
setting until there are no pixel output values that differ in value from the reference

average pixel output value by the predetermined threshold amount.
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