WD 2007/ 067505PCT/ US2006/ 046314 METHOD AND APPARATUS PROVI DI NG NO SE
REDUCTI SERVI NG EDGES FOR | MAGERS FI ELD OF THE I

[ 0001] gﬁgwﬁhggﬁﬁﬁgn rel ates generally to the field of EE?F%ME%Z%éﬁh

I mager devices, and nore particularly to a method and apparatus for
noi se reduction in a solid state i mager device. BACKGROUND OF THE

| NVENTI ON [0002] Solid state inmagers, including charge
coupl ed devices (CCD), CMOS i magers and ot hers, have been used in
photo i nmaging applications. A solid state imger circuit includes a
focal plane array. of pixel cells, each one of the cells including a
phot osenso Mﬁméﬁ) M%@PE%AMPROWDEN@ INIDES B R EIDUC PHONCWIITIEE
havi ng a doped region for_accunulatin hot 0- gener at ed char ge.

[0003] One of the nost cHEtFe &WQr&B FOK IMAGERS at e i nage
sensors i s noise reduction, especially for sensors with a small pixel
size. The effect of noise on 3 | ' = as pixel sizes
continue to decrease and may ﬁ@@gggﬂgztgiﬁqyﬁﬁﬁgiigﬁ I mge quality.
Specifically, noise inpacts inmage quality in snmaller pixels because
of reduced dynd0001]r algeiniRicH rdliRs WY srdlly &P ﬁ@_ldt&}és%ﬁafﬂme%ﬁ}]ag%r
by inproving fabrication processes; the cost's associated w th suc

i npr ovéfBites, artbwmrenarticeldriygto a Avetbiodi Al aﬂpﬂfa@ﬁﬁﬁﬁfﬁo@é reMudiRGtth a solid
on ot her ngethods _of noi se reduction. One such solution applies noise
filterSRINAGEL A@YEpr ocessing. There are many conplicated noise
reduction al gorithns which reduce noise in the picture wthout edge

blurring, however, they r | il rces and cannot
be inplenented in a sili c%%%égwwm&% si npl e noi se
reduction algorithns which blur the edges of the inages.

[0002] Solid state imagers, including charge coupled devices (CCD), CMOS .

imagers and others, have been used in photo imaging applications. A solid state
imager circuit includes a focal plane array of pixel cells, each one of the cells including a
photosensor, which may be a photogate, photoconductor or a photodiode having a

doped region for accumulating photo-generated charge.

[0003]  One of the most challenging problems for solid state image sensors
is noise reduction, especially for sensors with a small pixel size. The effect of noise on
image quality increases as pixel sizes continue to decrease and may have a severe
impact on image quality. Specifically, noise impacts image quality in smaller pixels
because of reduced dynamic range. One of the ways of solving this problem is by
improving fabrication processes; the costs associated with such improvements,
however, are high. Accordingly, enginéers often focus on other methods of noise
reduction. One such solution applies noise filters during image processing. There are
many compl'icated ncSise reduction algorithmé which reduce noise in the picture
without edge blurring, however, they require huge calculating resources and cannot be
implemented in a silicon-on-a-chip application. Most simple noise reduction

algorithms which blur the edges of the images.



WD 2007/ 067505PCT/ US2006/ 046314 [0004] Two exenpl ary

met hods tRwatoims7ae used for inmage denoi sing are briefl pcigSnznecs14
herein. The first nethod includes the use of |ocal snoothing filters,

whi ch work by applying a local |low pass filter to reduce the noise
conponent in the image. Typical exanples of such filters include

aver agi ng, nedi um and Gaussian filters. One probl em associated with

| ocal smoothing filters is that they do not distinguish between high
frequency conponents that are part of the inage and those creat ed due
to noise. As a result, these filters not only renove noi se but also

blur the edgesI®i04he Tvmgeaemplary methofl8 @R8] mAy tecmd ﬂfrqmgéfdenmsmg are
denoi sj hods work in the spatial frequency domain. These mnet hods

typi ca ’F‘gﬂ% igqussad fierein. h@"? ﬁﬁi}énﬁﬁ“tcfl inchudes &Ieecpae)fdycal;mneothmg filters,
for hen r the nsf or |rra e and finall

((:onver{ i e%%é’é%%@ IFﬁt m&@s éESEE){ r@é%tQI%g@@P@Peﬂ%/m the

Typi ca; Tf|IIersadwavI ngt h

t ransfié?fg@wgﬁapax e ut |1) }f%fﬁg%flﬂ SSPYET Pglé’rgS HF%C? gé ssian

denoi sfiltgrs. lOneyeoblens abéﬁlﬁ‘&i@a WHh!18Ea] sRE GSHhY ﬁ% ?l
required to process the image data. Addition art| and

osci | I@ﬁhagylai'alyetrveeﬁn highr freqtibecjusempbnehssitat tafé ﬁéﬁt 6thEa and those
noi se. esc{] “% these filters are best inplenented in a YUV cdl or

space ?r?at t9 priscart e agenpibribase filldrainainonly renetdmoish buialsrisker the
corrpon%gg]g). tﬁccordl ngly, there is a need and desire for an efficient

i mage s LithE ABRod and apparatus which do not bl ur the edges of

t he i mage. BRI EF SUMVARY OF THE | NVENTI ON [ 0006] The

i nvention, in pabspus A@é@éﬂﬁcﬁéﬁfoﬁyﬁf’ﬂéﬁgfﬁ rr%e%@&g%ér% %etg;? @gggaﬁnd

apparatus that allows for inma ol si [

[ 0007]fréquernycdcianie. Thibe A@THHAEyYDBAINP i ¥ ePf ﬂéﬁ%éé&’&&ﬁa‘ Bt a2

met hod and i npl ementi ng appar at us for reduci ng noise In

pr ocedgequpriayoipatedfany REDEANSIDEOH EEHIEE0bi(#a%Edrmed image and finally
convert the image back into the image space (reverse transform). Typical examples of
such filters include DFT filters and wavelength transform filters. The utilization of
these filters for image denoising, ﬂowever, is impeded by the large volume of
calculations required to process the image data. Additionally, block artifacts and
oscillations may result from the use of these filters to reduce noise. Further, these filters
are best implemented in a YUV color space (Y is the luminance component and U and

V are the chrominance components). Accordingly, there is a need and desire for an

efficient image denoising method and apparatus which do not blur the edges of the

image.
BRIEF SUMMARY OF THE INVENTION

[0006] The invention, in various exemplary embodiments, relates to a

method and apparatus that allows for image denoising in an imaging device.

[0007]1  In accordance with exemplary embodiments of the invention, a

method and implementing apparatus for reducing noise in image processing includes



steps for obtaining a first value for a target pixel, obtaining a
respect i Wgoeesandseéal ue for each nei ghboring pi xel surr @dRdidshshoié14
target pixel and having the sanme color as the target pixel, for each
nei ghbori ng pixel, conparing a difference between said first val ue
and said second value to a threshold value, and replacing the.first
value with an average val ue obtained fromthe first value and at al
second val ues fromthe nei ghboring pixels which have an associ at ed
difference which is less than or equal to the threshold val ue based

on a re he, conpar i n step 0008] The exenpl ary

noi se 1‘S RSeEP BBEﬂlﬂ%ng eefPE' Rdarges phrelhobisiningse peapetEiy sérond value

Bayer an/,Magent a/ YeI | .0 CWYK) ,

I u?/n nance?éﬁ ongﬁglﬁ%igg(ﬁ% Suré"\ﬁ Hk&g V\Qan ]H'E?Vifiﬁ/ sagne selog as

a nois t be a tion of anal og

e o o et g cat BaDR i e RlerinR o IR RS et it

si gnal vald gndsaigiesecbad thﬁﬁe asal &Eé&ﬁ]@l&fvaﬁies Hsﬂe%a&{ig e hgteiﬁa?ﬂe with an

bet ween the average naxi mrum and m ni num val Ge an ‘a no

anpl it aH@ra@&r\@%mwta(lﬂiEbi fromnl thediral eslageshdatchall esterRUvalliRs "ff“cfrﬁ
edges hagh%g a si gniel | ower than the threshold wll be average
oYy

bl ur r eB®'BTRETINGRIEIOWhide bape patassodinies mﬁepemmdglsae@seﬂtamre ual to
t ar get a ing,it with_a its.like color neighbors tha
pr oducgpéaélgthc}aifiv ?g’f"ﬁ‘gﬁ@r’i BESY iqgﬁh?ﬁ@nﬁe&nfﬂ&ﬁ*@?nol d. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0009] The foregoi ng and ot her

advant ages and[dpegl urgs &f rhg di

under st ood fromt h]e follow n Faggt algfg%ﬁ%e@c'*lfip m)% ﬁ'ge}' sz%?ﬂh eor
pr ovi detpavatebyimBhjer, fel/SreenBlué (RGBS, COFRINY V‘J?é!l’l h:
[0010] FIG 1 is a top-down view of a convent| m crc;c}?gﬁs)} Q:W

col or " mirance/chsgmimanicd mhmﬂmnmmepaee UThe linedritdd sets a noise

[0011] FI ghb A degi1 ,&& correction kernel for a red or blue

pi xel BPPEoyds Hyre ?]téfl( ) BB dRAESeA functicn ofranelogand diglal gains that

2007/ P 314 012] FIG _ 213 depicts a

corr egrtﬁlég‘?%( grwheg cf1 Eﬁ hﬁy)pae Oﬁlgﬂgaqlﬁlﬁl SPnkyneige thatdraganoplitude of

Wi th tdl@péf&Y&{‘(d*l@rﬂifference between the average maximum and minimum value) lower
than a noise amplitude threshold (TH) will be averaged and reduced. Therefore, edges
having a signal lower than the threshold will be averaged and blurred. The invention
accomplishes this by processing a central target pixel by averaging it with all its hke

color neighbors that produce a signal difference less than the set threshold.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other advantages and features of the invention
will be more readily understood from the following detailed description of the

invention provided below with reference to the accompanying drawings, in which:

[0010]  FIG. 1is a top-down view of a conventional microlens and color

filter array used in connection with a pixel array;

[0011}  FIG. 2A depicts an image correction kernel for a red or blue pixel of

a pixel array in accordance with the invention;



[0013] FIG 3 dePicts the correction kernel of FIG 2A in nore

detail; wo2007/0675050014] FIG 4 shows a flowchart of a reid@dodc@icsia
renovi ng pi xel noise in accordance with an exenplary nethod of the

i nventi on; [0015] FIG 5 shows a bl ock diagram of an i mager
constructed in accordance with an exenpl ary enbodi nent of the

I nvention; and [0016] FIG 6 shows a processor system

I ncorporating at | east one i mging device constructed in accordance
wi th an enbodi nent of the invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON [0017] In the follow ng detail ed description,
reference is m@¥2o k. 2cdepints/a ngrrdetion kgmeldb algrben PidelR¥lal pixel array
hereofinand saow b‘y"Bé'? of illustration specific enbodinments in which
the i nVentToR* ey é’l’ VERESP™: These enbodi ments are described in
sufficient detail to enable those skilled in the art to practice the
i nvention, andypgigis t t qther, e iJrent s may be,
utilized, and 'thdaltsﬂst r}g&b ?r%%gfsz%l%%g’f%&gﬁ)&qﬁr@gt?%' ﬁé’ﬁ@‘é%rer%‘ifa%
made without departing fromthe spirit and scope of the present

i nvention. Thel(Mayr eShd shovps aERRSMRGH 6t gmet%a%&:l%@ﬂxav%ngfam%ﬁafe in
of the enbm?dl ments of the invention; however, the sequence of “steps

i s not2q<PHilaRee Whth #raexemplint methed of theirdvemtipnipe changed as i s
known in the art, with the exception of steps necessarily occurring
in a certain o 00 The term "pixel," as used

her ei n, refers@ggg pﬁ&pog’eﬁht?ﬁ%%? %mﬁlﬁd’égﬂn‘&fm%ﬁf eorshBtabedins or
devi CeaBedaReOwi R ftleRdmist tJiNg.RAgLons to art

el ectrical. signal. Fo‘re %u?p%ﬁ%ﬁggalfmﬁﬂg%{fg}ein&%?ggogﬁﬁﬁi
representative three-color pixel array is illustrated in the figures

and descri pti oi@0ne] ei FIGHESRW&Ss a pAGedssed st iNBYrp Lt i i
2007/ 067505PCT/ US2006/ 046314 b P ng at least one imaging
device constructed in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027]  In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and show by way of illustration
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized, and that
structural, logical, and electrical changes may be made without departing from the
spirit and scope of the present invention. The progression of processing steps
described is exemplary of the embodiments of the invention; however, the sequence of
steps is not limited to that set forth herein and may be changed as is known in the art,

with the exception of steps necessarily occurring in a certain order.

[0018]  The term “pixel,” as used herein, refers to a photo-element unit cell
containing a photosensor device and associated structures for converting photons to an
electrical signal. For purposes of illustration, a small representative three-color pixel

array is illustrated in the figures and description herein. However, the invention may



be applied to nonochromatic inagers as well as to inmagers for sensing

fewer thawotdoses760s nore than three col or conponents i n pgAyd2i@N46314
Accordingly, the follow ng detail ed description is not to be taken in

alimting sense, and the scope of the present invention is defined

only by the appended cl ai ns. [0019] FIG 1 depicts one

exenpl ary conventional color filter array, arranged in a Bayer

pattern, covering a pixel array to focus incomng light. It should be
understood that, taken al one, a pixel generally does not distinguish

one ingom ng color of |ight fromanother and its output signal

repr es ﬁtagpgiﬁ VorRenPRRESTRAG InpgRrapr wel egito duhagend feamsensing fewer than three

identiu,ﬁ?c;rie%pl of coel orl.0 Eg&ever, $i xels 80, as di scussed herein, ar e
re}‘ er rteidé 0 é:’%_cgpﬁ £9-08 COmBAnEn; %i‘{‘?f":ﬁ’t g%ccﬁl_r%éfrgl% &%f?u%]}:i@g detailed
col or 81 ecli.-on W i xel arr o focus a |
parti chaCtrrFP;v\%veféeI;%t raﬁ%&q“ (3)?‘ .ﬁgﬂ%ﬁPESSP?%SB?n@HeﬁOPS 05'%%%15’{?5@% givention
col or, isahéfindcheniyi Bpke 8BpeAdcqictliin@l y, when the term“red pixel" is

used herein, it is referring to a pixel associated with and receiving
l'ight through a red color filter; when the term"blue pixel"” is used

herein, it is [8lri FJG.d depictsdincsemphiedonvehtions dt6LfileP Array,
| i ght througél_a bl ué color filter; and when the term"green pixel""Is
used h¥FFENHEEA R ai%a}feé'f@ft?ﬁrﬁgff‘@‘@rﬁlg)ﬁP@*dasmtcafcmusﬂhtmm light eitwhogld be

| i ght h | filter. 0020]. Fi , FIGs.

20 and SR P PP eBngs = phiebieenerally dews Rekciitbnariaond iaosaing color
t t ot : ti t hod.j \

o Dol deond i BN ANSERR B TLE LA SIS0 L

i n Fl Gec@ikedDnpt %8Y idenakcdidéh BRYoIRS, ?16@@6@@??@5 9%,.@5 sgg%s%'fiﬁﬁlreilng are

Pi xel array 100 shown in FIG 2B has an idenfffied piXxe

a gr egrfgrirs@ito byteolon(ient Tred piagl, al'slueysiehnetdierheh anbi Bttet 81 fPled in
col or channel s: red pixels, blue pixels, green pixels in a red row,

and grodmeptigpvwithihg pixelaarrepnto faue H partichiarn whvelengtle darge@opligit, i t

IS ass rlred thr'éliTti t he pi xel f\rra 100 is associated wi.th a Bayer

pat t er W ESPERNRE (R A Eﬁr%% 38'2’0{ , @ntq fhe pwis &Y. Acperdinglsnvilen thaGerm

2007/ 0@@&%?&]’_ / 1&'&@@8 Q‘@r%@‘%t]ié referring to a pixel associated with and receiving light

through a red color filter; when the term “blue pixel” is used herein, itis referring to a
pixel associated with and receiving light through a blue color filter; and when the term

“green pixel” is used herein, it is referring to a pixel associated with and receiving light

through a green color filter.

[0020]  Figures, FIGs. 2A and 2B illustrate parts of pixel array 106 having
an identified target pixel 32a, 32b that may undergo a corrective method in accordance
with the invention. The identified target pixel 32a shown in FIG. 2A in pixel array 100
may be either a red or a blue pixel. Pixel array 100 shown in FIG. 2B has an identified
pixel 32b that is a green pixel. The invention may also use one kernel applied to four

color channels: red pixels, blue pixels, green pixels in a red row, and green pixelsin a

blue row.

[0021] In the illustrated examples, it is assumed that the pixel array 100 is

associated with a Bayer pattern color filter array 82 (FIG. 1); however, the invention



may al so be used with other color filter patterns. The color filters
81 focus WwaseMdidsdsi ght of a particul ar wavel engt h r anggecaitQods@s314
underlying pixels 80. In the Bayer pattern, as illustrated in Fig. 1,
every other pixel array row consists of alternating red (R) and green
(G colored pixels, while the other rows consist of alternating green
(G and blue (B) color pixels. [ 0022] According to

exenpl ary enbodi nents of the invention, to denoise pixels, the

present invention utilizes signal values of the nearest nei ghboring

pi xel s of the identified target pixel 32a, 32b. The identified target
pi xel 3% algobe usednwithi adier colomhiltérypditimg. fhecedsetilteE®l focus incoming

neighbﬁrgﬁgggixeLs are collectively referred to herein as an i mage

ker nel & PeRtigiles wavelgngtiveangeqnietthe emdeslyiRg pixtls 800 In thd Baber

A tota [ ' reng.pixels are [ ncluded in each kernel 101a,
Youb. - PrAnE BB R FaR 1P oRRE pbiAT el ciory sontiats Rilismating red
101a, dh R bBedi : rrection.kernel s may be
chosen@or pPxel rr({"'géy%%? rﬁl}gel%{}lg I(yrh??‘L{{I‘%a@teh(r:e pa Se‘f‘%*%torﬁ@?tem%ﬁﬁg$ gEeen (G)
Bayer mﬂﬂa&nm(B)lablaﬂgbtélgn, a correction kernel could enconpass nore

or |less than eight neighboring pixels, if desired. [0023]

In FI Gs. 2A and 2B, the exenplary correction kernels 10la, 101b are
outlined with EO0231t ecAreardingeo exempliry ibodheemtsasfehe igién i ebdenoise

i xels. 1 12, 14, 34, 54, 52, 50, and 30) having the sanme col or as
§ he | d%’ﬁ‘te%r PigiPresent inyendon wilizeppignal gﬁlq)ess ofshe Resrash arighraring poels of

k | ] ' Ls [ . | d be n dth hal f of
the p Lzéﬁi@%{?g@%?éﬁeﬁ% % ReBe e rafiSd strart &P?P(E)élgg@ﬁcﬁﬁé el
UStariv . ; _
pi xel s thatwﬁrrgsieﬁgugg?(ers ?\%Il 10%3{%% sﬁo@%ggrllg%%%g%qlger%%gg%ya%fg’frﬁggf’éemm as
&th, 107,

3. Kerareimigd kemelpshawhUd @GRl giatari 2B résdetivelsadR Z
41, 30, and 21) having the sane green col (§1r as tyﬁae i%lér%??%l ed “pi xe?i total

32h. of eight neighpgoing pirelsharedhehateckirt enchl@rnd] 1603, 2REBP IAdhoul8 HRathted,
200 of .t resent invention is now described. The nethod can be

carri etli‘agﬁlep%@sgﬁ‘f‘f? gEresHgndangly 101aciilb areexenudery, rad] teitothes t h
refer It should be understood that G WO

2007/ 8‘@%(5’?%8%%5’3 2% RGOSR fOF Pﬂff%(iéFrarYésu%n%&PEE filten paligrne sshersthan
art arBdMavef phhght. 1$4al ' hough representative o

a readout & ghal fromtg EY%??(Z% ,c&t}ﬁ%tpe\’/a?%réieﬁdgg%%&l\gﬁﬁrpgéﬁs more or fess than
r epr esigittanéighbofinghsixeBadaddsiaenl og signal . These val ues are
represented in the foll ow ng description as P(pixel) where "P'" is the
val ue and " (pi XBIgg‘ is the pixel nunmber shown in FIGs. 2A or 2B. For
expl anati on pUPPdHes bnFYGstHb amst 2 dhe efemplamsariraatbnikémaleiBTLN0¢h are

10t NRURREE Wit 3G 1R Forlkefer 173 thore are ipht piels (piels 10, 12, 14, 34
54, 52, 50, and 30) having the same color as the identified target pixel 32a. Although it
appears that correction kernel 101a contains sixteen pixels, it should be noted that half
of the pixels are green pixels, whose sigz;al-s would not be considered for use in
denoising of a red or blue target pixel 32a. The actual pixels that make up kernel 101a
are shown in greater detail in FIG. 3. Kernel 101b also includes eight pixels (pixels 12,

23, 34, 43, 52, 41, 30, and 21) having the same green color as the identified pixel 32b.,

[0024]  With reference to FIG. 4, an exemplary method 200 of the present
invention is now described. The method can be carried out by an image processing

circuit 280 (described below with reference to FIG. 5). It should be understood that



2A. [0025]Initially, at step 201, the target pixel 32a being

processedypoSoohddestsi fied. Next, at step 202, the kernel pteh®&k2006/046314
associated with the target pixel 32a is selected/identified. After

t he associ ated kernel 10la is selected, at step 203, the difference
in values P(pixel) of the central (processed) pixel 32a and each
nei ghbori ng pi xel 10, 12, 14, 30, 34, 50, 52, 54 in kernel 10la are
conpared with a threshold value TH. The threshold value TEl may be
presel ected, for exanple, using noi se levels fromcurrent gain

settins ot i n tlher propriate nmethods. In the illustrated
exanpl @3& %G'Eﬂ uﬁéh@ EPRNIP PREmotmaef liglvieregelliettf atrthn géxdln
I I th th hol d I TH
sel ect E‘HICI%H iSRRG s G pedoph fign FFQIIEI?%E%YI%@”%@IQ;SW@
I 0261 Ne
Vel e, dprgiidichl e 2adbrie nbiEl A ere ypines vk oaconaLin B

ar oundfdlivwirgy dederipticnl asSR 1x\é'f)'wﬁﬁex\ée’r19’ ReheGhfitk be.l][ﬂd S@g&gﬁg?{%ﬁhe pixel

added to a correspondi ng va ue for the target p1 X

aver ag@unﬂnem@ham #eFIGs. Qmalrczﬁl M@xgﬂ%ﬁat@fﬁ FHoosehs f?&eﬁ i
32a, the ayerage value A32 = (P10 + P12 + P14lm:i %%Sg Oy %E’g{ 001s

P50 + nbeﬂga}mgef@e@ge tolthe kernel 1034 bnditgietyakeldmy zksfﬁu@h-)&%cﬁm FIG.
wer e s?kect ed in step 203. At step 205, the calculated value

A(pi xeT’), which is, in this exanple, A32, replaces the original

target pixel value P32a. [0027] The net hod descri bed herein

o e R S0 e B P S oS

2007/ C6ebOERET/NISAPA64RAARRA the kernel 101a associated with the target pixel 32a is
selected/identified. After the associated kernel 101a is selected, at step 203, the
difference in values P(pixel) of the central (processed} pixel 32a and each neighboring
pixel 10, 12, 14, 30, 34, 50, 52, 54 in kernel 101a are compared with a threshold value TH.
The threshold value TH may be preselected, for example, using noise levels from
current gain settings, or using other appropriate methods. In the jllustrated example, at
step 203, neighboring ﬁixels that have a difference in value P(pixel) less than or equal to
the threshold value TH are selected. For exemplary purposes only, the value could be

the red value if target pixel 32a is a red pixel.

[0026] Next, at step 204, a value P(pixel) for each of the kernel pix‘els
located around the target pixel 32a, which were selected in step 203, are added to a
corresponding value for the target pixel 32a and an average value A(pixel) is calculated.
For example, for target pixel 32a, the average value A32 = (P10 + P12 + P14 + P30 + P32a
+ P34 + P50 + P52 + P54)/9 is calculated, if all eight neighboring pixels were selected in
step 203. At step 205, the calculated value A(pixel), which is, in this example, A32,

replaces the original target pixel value P32a.

[0027]  The method described herein may be carried out on each pixel

signal as it is processed. As pixels values are denoised, the values of previously



denoi sed pi xels may be used to denoi se ot her pixel values. Thereby,
when t he wetbhanbedsascri bed herein and the val ues of previPCualSgo06/046314
denoi sed pixels are used to denoi se other pixels, the nethod and
apparatus is inplemented in a partially recursive manner (pixels are
denoi sed usi ng val ues from previ ously denoi sed pi xel s). However, the
invent-ion is not limted to this inplenentation and nay be
inplenmented in a fully recursive (pixels are denoi sed using val ues
from ot her denoi sed pixels) or non-recursive nmanner (no pixels having
been dgnoise are used to denoi se subsequent pixels).

[ 0028] “§HASHE Fixels 3opy bedtsedde WMP@F@@MS.)@&@@W wihearttie method

carrie i ve..on target pixel 32b and associ ated
mmge. contibed et BN RO SRR aehlrpisliaeperapanoise other
101b i gixed, eké aslthdard & Lt & is nel._101b is

sel ectgd for target pi xelﬁgaﬁ), tﬁs(ral gﬂ ﬁer eﬁééﬁgﬁar@?lﬁﬁﬁ?&%weh

of t he{pirelghbe dengisedxeding WaludlfroRBpraloudé déhbisdPrixdis)i

101b | ocated around tar‘getg pi xel 32bpgndmtlhg val lise op}tégs ggjtl&gjlégglll’ the

32b ari@vepkparisaof dimited te shislithpleimientati@pafdnayf be ifrgil8indnted & 8RSlly
204,205 are caryi %g?%;% as di scussed above for the pixels

cor r esYGHETHG (e engjged using values fraqno@pleer deroised pixalssorndred

enbodi ot. provi de .suf.ficient, denoising to renpve spurious
o se TrugstvE Barlie: (o B iting Beh demplbadcareatisesio dencieomersegrpnt
the inygpishon is better utilized when inplemented after the imge
data has been processed by afilter which will renove spurious noi se.
NOM The invention is not limted to the above descri bed enbodi nments.
For exanpl e, al0pe8hr aftrentethodo0 Hesdrtidibsbawrymbe ALOHE efented and
carrier nmedium which may include RAM floppy disk, data transm ssion,
conpac@ripdieuteacdisgnasachalro v ooxecgetarixblB2inand assidied iplgeasifdction

i st IRIRECIQ RO bl I Rero03 therkm i boR spleetesbilentified, Afer the
[ ' ; 006/ 046314 | LJn t ed h
car 1 erooal o R IO S ROL e b e o2 s dikEenies i pmimerhesween

USi Ng cABK f @K | ; [ apt . _— [ Pl 5
illustrates anhgigerrpl ar%k ?%%g:’ﬂ%\émdggi %dé]%%%i’#gv?%énécﬁr%‘?}elgﬁg]al%’?t@%@ou“d
pi xel targepi2d@2bRavd therealuef oftter@rdiay 2H0a! oV, v piad

by a row driver 245 in response te% rl:f)w address&(ﬁg%%gﬂozfgﬁeiﬁ@g] trm* <P
dr i verr026dhgremeaining stepd 264s2¢atderripdueras dibassedabotedor thd pixels

i magi nﬁ devi ce, 300., The irragi ng device 300 is operated by the ti'm ng

and c&RTHesPoRAME IQ kemel 1P ch control s the address decoders 255,

270. The control circuit 250 also controls the row and colum dri ver

[0029] The above described embodiments may not provide sufficient
denoising to remove spurious noise (i.e., noise greater than 6 standard deviations).
Accordingly, the invention is better utilized when implemented after the image data

has been processed by a filter which will remove spurious noise.

[0030]  The invention is not limited to the above described embodiments.
For example, a program embodying the method may be stored on a carrier medium
which may include RAM, floppy disk, data transmission, compact disk, etc. and then be
executed by an associated processor. For example, the invention may be implemented

as a plug-in for existing software applications or it may used on its own. The invention



circuitry 245, 260. [0032] A sanple and hold circuit 261
associ at egoWpdtst&g col um driver 260 reads a pixel resgloriighRlososist
and a pixel inmage signal Vsig for selected pixels of the array 240. A
differential signal (Vrst-Vsig) is produced by differential anplifier
262 for each pixel and is digitized by analog-to-digital converter
275 ' (ADC). The anal og-todigital converter 275 supplies the digitized
pi xel signals to an image processor 280 which forns and may output a
digital image. The image processor 280 runs a programthat is capable
of perform ng the nethod 200 (FIG 4) .on-the digitized signals from
t he pi iErotdipitpdiaohemardenmadivmg specifissbherein ead the ifoagion midibe
anal og. out put of the pixel array by a hardwred circuit |ocated

bet weeHMPIFNERIEH Y9188 By xarrigr Aneslipmsas known in theg€10331 The exenpl ary
noi se filter could be applied either to each color separately in

B , Red/ & y [Yel l.ow K K )
Pt nince! chr omaatce (vou AR PSR REI=Cy ek clevion, Wi haying ans

! ! STHEFE et
a1 0 AT B e T hE W R TRty A b P g e llyatea

si gnal by @rbw deivee 268 ah rbgsoraiibirowlad AfesdideR8ast 955 (AN 1dhd] 81606560 and
bet ween the average maxi num and m ni nrum val ue) | ower than a noise

anpl i t ¢RiEmheddresisdlacpdper @70 lare elsavinclugled mrmerm@m% deVier3000rEhe imaging
edges Rhavin Og@l.séﬁnalﬁé%\&%hthan the threshold will be averaged and

bl urre .wﬁ‘lg HR/ARETaS SOtINGRE spuimolishouis 25968 ict centrpls theesidress
this b £ tr arqget pixel by averaging it with al]
s ReRREE e SRS P! Sedln B0 i o i spenead Febgntiiver

or equdtciigyt2us, 960, t hreshol d. [0034] FIG 6 shows system

1100, a typical processor systemnodified to include the inmaging
device 300 (FIG 5) of the invention. The system 1100 is exenplary of

a system havi n§032bi t & sainpdeiahd Hdidicircait 261 avebeideed NBELHELRIAN driver
devi ces.. Wthout being limting, such a systemcould include a

conput? 18pde aixek reset signal Voo ahe pixeljistagn sigaliviep, fomaeletted pixels of the

i Si i h t t th i t .

[ oossrre i, Aiefere BB dne) S Yt Tohduesd braH s aal conphifierisa for
' ey 1102, such ] . th

c ommuriech PRLAERE I gtda by aelde O s P ko eirel 708 (BT Tt nalogito-

I i } I it 0 the b

Toq RN AN Ak o fiet SEnfle o b i B brb e 0

meror wiiRANpribs Bhd aag catputrcdigiial aapy.alrhe g robddser 280G NS program
S

flash menory, which al so comunicate wth the U'1102 over the b

1104. thidsichngblepldestformbeg theynaieod BABKFEGEL 4)idnite digtiasbsgnakiedm the
as a CRU. di |£€¢ i, gnal _Brocessor,. or mcraoprocessor, with or

Wit hoé’t‘x‘ﬂé’ﬁffai/ "0 Hvelys pragessing gy ke dene ondhietaralopautput of the pixel

diff eLeRl, W&@latraaﬁré&] Girbhf1952228 between the amplifier 262 and ADC 275.

[0033] The exemplary noise filter could be applied either to each color
separately in Bayer, Red/Green/Blue (RGB), Cyan/Magenta/Y ellow/Key (CMYK),
luminance/chrominance (YUV), or other color space. The invention sets a noise
amplitude threshold (TH), which may be a function of analog and digital gains that
may have been appliéd to amplify the original signal. Only noise that has amplitude of
dispersion (the difference between the average maximum and minimum value) lower
than a noise amplitude threshold (TH) will be averaged and reduced. Therefore, edges

having a signal lower than the threshold will be averaged and blurred. The invention



[0036] While the invention has been described in detail in connection
wi t h exenpbanyemesdi ments known at the time, it shoul dpog/useeudiohssis
understood that the invention is not limted to such discl osed

enbodi ments. Rather, the invention can be nodified to incorporate any
nunber of variations, alterations, substitutions or equival ent
arrangenments not heretofore described, but which are commensurate

with the spirit and scope of the invention. For exanple, the methods
can be used with pixels in other patterns than the described Bayer
pattern, and the correction kernels would be adjusted accordingly. In
addi t | RCOTREshes/&¥e byProsessing picentuad target pixel Pyearveraginegie with\6ll its like

2007/ 0 05PCT/,US2Q006/ 046314 device ,,n which it.is used. Thus, the
i nvent ?%15 rirgel%%l?or[sgzgaép ERRCeR Sﬁ@ﬁé@fgﬂw‘—% PF@SFB?%@(B‘ ieRgtadiEe B g5t itoreshold.
but is only limted by the scope of the appended clains. CLAl I\/]ES
1. A nethod of Ci | | | I Si eps of . ...
sel ecting a noi[g?;gm{%%?e%‘&ggﬁégkgpg@oggf f%%:‘t%? g%oté%ggaﬁéy%gnomodmed to
di gi t aindadeshepphii deviraBOOFIC] B&IFIhe Eﬂf@{tﬁaﬂ.nﬁéﬁgb@gﬁ?@ﬁ%xemplary
after first denoising the inage to renove spurious noiSe; perform ng
a denopPbpsystepehavirgndigital kircuitsghatcangdiiaclngle ihtageeaaiBop ideel cesNWilliRout
| mge, ,the steps of: . . .
being limiting, such a system could include a computer system, still or video camera
system, scanner, machine vision, video phone, and auto focus system, or other imager

systems.

[0085]  System 1100, for example a camera system, generally comprises a
central processing unit (CPU) 1102, such as a microprocessor, that communicates with
an input/output (I/O) device 1106 over a bus 1104. Imaging device 300 also
communicates with the CPU 1102 over the bus 1104. The processor-based system 1100
also includes random access memory (RAM) 1110, and can include removable memory
1115, such as flash memory, which also communicate with the CPU 1102 over the bus |
1104. The imaging device 300 may be combined with a processor, such as a CPU,
digital signal processor, or microprocessor, with or without mermory storage on a single

integrated circuit or on a different chip than the processor.

[0036]  While the invention has been described in detail in connection with
exemplary embodiments known at the time, it should be readily understood that the
invention is not limited to such disclosed embodiments. Rather, the invention can be
modified to incorporate any number of variations, alterations, substitutions or
equivalent arrangements not heretofore described, but which are commensurate with
the spirit and scope of the invention. For example, the methods can be used with pixels
in other patterns than the described Bayer pattern, and the correction kernels would be

adjusted accordingly. In addition, the invention is not limited to the type of imager
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calculating a difference between a value of a target pixel and a

val ue of waghigmsgscol or nei ghboring pi xel surroundi ng teeiRi@eies14
pi xel , and replacing the value of the target pixel with an
average value calculated fromthe value of the target pixel along

wi th values fromeach of the sane-col or nei ghboring pixels which have
an associated difference that is |less than or equal to the noise
anplitude threshold, wherein the val ues of previously de-noi sed,

same- col or neighboring pi xel s are used in replacing the value of the
t ar get The nethod of claim1, wherein the nethod is

perfor ﬂ'g CFWIWE&E%%‘FQPQ y, %ﬁaéhe imventioniismotdedasdeneas limiteddy the
det er each e.im then the cal cul ati ng and
repl agdr%g { gesé:rué’ tg%ﬂ’i’&’rt y&“@?ﬁ%&)@ﬁ% P Reswisdsdaims.

val ues. 3. A nethod of reducing noise in an inmage conprising,
for each pixel in the inmage, the steps of: selecting a set of pixels
surroundi ng an identified target pixel; for each sane-col or

nei ghbori ng pixel of the set, calculating a respective difference

val ue between said target pixel and the sane-col or nei ghboring pixel;
for each sane-col or neighboring pixel of the set, determning if said
respective difference is within a noise anplitude threshold that is
predeterm ned as a function of analog or digital gains applied to
anplify pixels signals in the inmage; and substituting an
average value as a value for the target pixel, wherein said average
val ue i s based on the value of said target pixel along wth val ues of
each same-col or nei ghboring pixel that has a respective difference
val ue I ess than or equal to the noise anplitude threshold, wherein
the nethod is perforned partially recursively, such that the

cal cul ating, determ ning and substituting steps conprise using val ues
of previously de-noi sed same-col or nei ghboring pixels.

11



4. The nmethod of claim3, wherein before the selecting, calcul ating,
determ ning and substituting steps are perforned for each pixel in
the inmage, the image is first denoised to renbve spurious noi se.

5. An imagi ng device conprising: a pixel array conprising a
plurality of pixels, each pixel outputting a signal representing an
amount of |ight received; and a denoising circuit for denoising

an i mage conprising pixel signals obtained fromthe pixel array, the
denoising circuit being configured to perform a denoi sing operation
conpri si ng: sel ecting a noise anplitude threshold as a function
of analog or digital gains applied to anplify the pixels obtained
fromthe pixel array; and afte& ék denoi sing the inmage to
renove spurious noise; performng a b si ng operation on the inmge
conprising, .for each pixel in the inmge, the steps of:

cal cul ating IaAdF‘?tﬁ%@ ghiCevyis igenng lﬁ’égﬁ@l’éﬁ“%{lgﬁgﬁ’ §&rs ¢fi xel and a

val ue of each same-col or nei ghboring pixel surrounding the target

pi xel , and seiectinF alrR Rk ARIpTELde ieeddldUR aFfindtfd of af06d ofti%edl gint Bppdied to
average value calculated fromthe value of the target pixel along

with vampbty mixensigeaininghe ithagesaiite- col or nei ghbori ng pi xel s whi ch have
an associated difference that is less than or equal to the noise

ampl | tude t Bhiel ddnodhE R oo teflove spubuPh @Y BHisbonifies Bl

samne- col or nei ghboring pixels are used in replacing the value of the

t ar get Op¢raédn on the image comprising, for each pixel in the image, the steps of:

calculating a difference between a value of a target pixel and a value of each same-color

neighboring pixel surrounding the target pixel, and

replacing the value of the target pixel with an average value calculated from the value of
the target pixel along with values from each of the same-color neighboring pixels which have an
associated difference that is less than or equal to the noise amplitude threshold, wherein the
values of previously de-noised, same-color neighboring pixels are used in replacing the value of

the target pixel.

2. The method of claim 1, wherein the method is performed fully recursively, such that a
denoised value is first determined for each pixel in the image and then the calculating and

replacing steps are performed for each pixel using the denoised values.

3. A method of reducing noise in an image comprising, for each pixel in the image, the

steps of:
selecting a set of pixels surrounding an identified target pixel;

for each same-color neighboring pixel of the set, calculating a respective difference value

between said target pixel and the same-color neighboring pixel;

12



6. The inmagi ng device of claimb5, wherein the denoising operation is
performed fully recursively, such that a denoi sed value is first
determ ned for each pixel in the image and then the cal cul ating and
repl aci ng steps are perforned for each pixel using the denoised

val ues. 7. An inmaging device conprising: a pixel array
conprising a plurality of pixels, each pixel outputting a signa
representing an anmount of |ight received; and a denoi si ng

circuit for denoising an image conprising pixel signals obtained from

;he _pi _)(el a'er%X%h stagl%-é%?&q{eghgg'ﬁ%&%&'o? t@%ﬁtﬂ getgr?r%#ngli'fs%fﬁ ltegiaegﬁ\;e; cﬂf‘fgﬂe ce
enoi si ng operation conprising: selecting & set of °pixels surroundi ng
an i deid withiad nbise gmpliidz dirgshold that i§ pred @aatinglbaye-fomdton of enaddbardigicl

pi xel of. the set, calculatin respective difference val ue between
Said ¢ SPIGBEPRIRA L TR P e B R ITHER GhBor | ng. pi el : f or
each same-col or nei ghboring pixel of the set, determning if said

respective gibtsfigtiefaealesagsiviahiens @ valok & tedatdet pidel, tvhcemhaldhviehat valse is
predeterm ned as . a function Qfl%@?|09 or digjtal gains applied to

dto
anpl i f Yasse e the @lugrpf|saiditarestiixg! atoge Withyglues of each syag-pqlog Resgbgpng pixel

aver aggay Hés%ere@%c@vevcﬂffﬁ%néé)\?al dd16s s_ttﬁ’dflﬁﬁteqﬁ)%l XS the n}M}@ 'éﬁb ﬂtu\%@ %}ﬁes‘ﬁﬁﬁﬁ @E&gifn

value is based on the value of said target pixel along h val ues
each stheanahodis padpuyredpaitiadly péovedivelhavchhhst the eabayasing deterdiifingpmhce
val ue | n r L. 1. naQi . | i tude .t hr | d.. rein
he " de PRl BeBlocRe nfs OReP el RSB ot o cRhPIHEL e aRRR bl
the cal cul ating, determ ning

4. The method of claim 3, wherein before the selecting, calculating, determining and

substituting steps are performed for each pixel in the image, the image is first denoised to

remove spurious noise.
5. An imaging device comprising:

a pixel array comprising a plurality of pixels, each pixel outputting a signal representing

an amount of light received; and

a denoising circuit for denoising an image comprising pixel signals obtained from the

pixel array, the denoising circuit being configured to perform a denoising operation comprising:

selecting a noise amplitude threshold as a function of analog or digital gains applied to

amplify the pixels obtained from the pixel array; and

after first denoising the image to remove spurious noise; performing a denoising

operation on the image comprising, for each pixel in the image, the steps of:

calculating a difference between a value of a target pixel and a value of each same-color

neighboring pixel surrounding the target pixel, and

13



and substituting steps conprise using values of previously de-noised
samne- col or nei ghboring pi xel s. 8. The imagi ng device of claim
7, wherein the denoising circuit is configured to first denoise the

i mge to renove spurious noise before the selecting, calcul ating,
determ ning and substituting steps are perforned for each pixel in

t he i mage. 9. A non-transitory conputer readable nedi um
containing a programfor operating a processor to denoi se an i nage,
sai d program causing said processor to performa denoi sing operation
conpri si ng: : ' [ i t i

of anal og of P éﬁ"b“ugttg?l’%g‘% %@g%gaégéﬁé%&% %ﬁgﬁ%%ﬁ%epﬁiugﬁgﬁg%eﬁgng {h‘é@%} @1188?
i mage; tlendrget pixel akdrigervitf valsts fobenedch iofithetshieeicaipg eeipithorimppiselssphich bavs an

noi se; performn a denoi sing operation on.the i. C i sing,. for
cach pRepeie] et s ot gseagyo e Hoice inplifiRf BrphgRbdr e nce
bet weeRaey/d pieviQislypdd-AsieRt, sithecedlotitiyh®oMad piReld bref@R6dNins8pBeif @R value of
nei ghbori ng pi xel surrounding the target pixel, and repl aci ng

t he valhfdaiget Rikdl: t ar get pixel with an average val ue cal cul ated from
the value of the target pixel along with values from each of the

same- col or gerghheddiR0ddicsedr %la‘ﬁﬂis(}ﬁh&%l‘ﬁeth@flﬁr@ pteSign ¥ b RHRAERILy

that is less than or equal to the noise anplitude threshold, wherein
t he valesgrsively, prathafuaslepoided valisiedirstdateemiood By eachi ikd on thegmpgeasidsher e
used i replaci I f .t i :

comput St FRUREE dnd A1t dferSretoh el e BBlct usiug e doised By,
is performed fully recursively, such that a denoised value is first
det er mi ned foAndmepinpidxdkbe comprizéng: mage and t hen the cal cul ati ng and
repl acing steps are performed for each pixel using the denoised

val ues. a pixel array comprising a plurality of pixels, each pixel outpuiting a signal representing

an amount of light received; and

a denoising circuit for denoising an image comprising pixel signals obtained from the

pixel array, the denoising circuit being configured to perform a denoising operation comprising:
selecting a set of pixels surrounding an identified target pixel;

for each same-color neighboring pixel of the set, calculating a respective difference value

between said target pixel and the same-color neighboring pixel;

for each same-color neighboring pixel of the set, determining if said respective difference
is within a noise amplitude threshold that is predetermined as a function of analog or digital

gains applied to amplify pixels signals in the image; and

substituting an average value as a value for the target pixel, wherein said average value is
based on the value of said target pixel along with values of each same-color neighboring pixel
that has a respective difference value less than or equal to the noise amplitude threshold, wherein

the denoising operation is performed partially recursively, such that the calculating, determining

14



11. A non-transitory conputer readable medi um containing a program
for operating a processor to denoise an inmage, said program causing
sai d processor to perform a denoi sing operation conprising: selecting
a set of pixels surrounding an identified target pixel; for
each same-col or nei ghboring pixel of the set, calculating a
respective difference val ue between said target pixel and the

sane- col or nei ghboring pixel; for each sane-col or nei ghboring
pi xel of the set, determning if said respective difference is within

a noi S@nd sgtﬁltlggstg (%?xﬂ:?fsg P;ig%l(ral.h% o?%ﬁ%u@%meﬂﬁgseéﬁrﬁe- &Bpﬁéi@ﬁgﬂflg

anal og or di Ins ‘applied to a i xel's signals in
i mage; paeth. substituting an average value as a value for the
target pixel, wherein said average value is based on the val ue of

sai d target ,pi xe | on i th val of S ~col or .nei ghhor.i
ixel tnat Ao a PEURRhe s HP PR o G e RIERRE B B SRR i
t he noidssvignt inidgdeo tdri@sRphtbus\wbise before the salkaning, Siakgladipgrdateramiigand
perfornmed partially recursively, such that the calculating,

det er nﬁvhSHﬁmaaateg% %PP&fWﬁ%gfo%%laéBQlX@E%aﬁ agksi ng val ues of

previ ously de-noi sed sane-col or nei ghboring pixels. 12. The

conmput er regdabl & H¥RdiaABRRY c6mBhteR bddabIifédim cORhiRirg 4 fi6gaml BESpeRding a
cal cul ating, determ ning and substituting steps are perforned for

each pPiEPSSPHiowdgeoishiiyaage faid piagfami gusing $id HeRBPYdE PeoHEgoising
SPUrt OYse B@d S Eomprising:

selecting a noise amplitude threshold as a function of analog or digital gains applied to

amplify pixels signals in the image; and

after first denoising the image to remove spurious noise; performing a denoising

operation on the image comprising, for each pixel in the image, the steps of:

calculating a difference between a value of a target pixel and a value of each same-color

neighboring pixel surrounding the target pixel, and

replacing the value of the target pixel with an average value calculated from the value of
the target pixel along with values from each of the same-color neighboring pixels which have an
associated difference that is less than or equal to the noise amplitude threshold, wherein the
values of previously de-noised, same-color neighboring pixels are used in replacing the value of

the target pixel.

10. The computer readable medium of claim 9, wherein the denoising operation is
performed fully recursively, such that a denoised value is first determined for each pixel in the
image and then the calculating and replacing steps are performed for each pixel using the

denoised values.
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11. A non-transitory computer readable medium containing a program for operating a
processor to denoise an image, said program causing said processor to perform a denoising

operation comprising:
selecting a set of pixels surrounding an identified target pixel;

for each same-color neighboring pixel of the set, calculating a respective difference value

between said target pixel and the same-color neighboring pixel;

for each same-color neighboring pixel of the set, determining if said respective difference
is within a noise amplitude threshold that is predetermined as a function of analog or digital

gains applied to amplify pixels signals in the image; and

substituting an average value as a value for the target pixel, wherein said average value is
based on the value of said target pixel along with values of each same-color neighboring pixel
that has a respective difference value less than or equal to the noise amplitude threshold, wherein
the denoising operation is performed partially recursively, such that the calculating, determining
and substituting steps comprise using values of previously de-noised same-color neighboring

pixels.

12. The computer readable medium of claim 11, wherein before the selecting,
calculating, determining and substituting steps are performed for each pixel in the image, the

image is first denoised to remove spurious noise.
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