METHOD AND APPARATUS FOR | MAGENO SE REDUCTI ON FI ELD OF
THE | NVENTI ON [ 0001] The invention rel ates generally

wo eoovlogosbd el d of solid state inmager devices, aPdI/DBI086/047201
particularly to a nethod and apparatus for noise
reduction in a solid state i mager devi ce. BACKGROUND
OF THE | NVENTI ON [ 0002] Solid state inmagers, including
charge coupl ed devices (CCD), CMOS i nmgers and ot hers,
have been used in photo i maging applications. A solid
state inmager circuit includes a focal plane array of
pi xel , h 0 ell.s .including a
pnolELRQD AR APRERATUS AR bacE NRBEdemueHoN
or a photodi ode having a doped region for accumul ati ng

phot o- gener at ed chaﬁqﬁg¥{@%ﬁﬁ§5§?§¥gﬂnﬁﬂﬁq”DSt

chal | engi ng probl ens € I'mage sensors is
noi se reduction, especially for sensors with a snal

pi xel [G0A¢- The i¥dritidn AllateQiceRepdlly tBER fAKIAldfl0lid state imager
I ncreases as pixel sizes contlnue to decrease and may
havedavises; anel mope partdcularinge aomethdd anSpppataiealfbynoise

noi se inpacts image quality in smaller pixels because

of reafiucEendasnlid statgimageredeficehe ways of sol ving

this problemis by inproving fabrication processes;

the costs associated with such inprovenents, however,

are high. Accordingly, engineers often focus on other

met hods of noi se reﬂg@%@?grbﬂ@@Fﬁﬂﬁsﬁ%@mﬂ@N

nmet hods that may be use r 1 mage denolsing are
briefly discussed herein. The first nmethod incl udes
the u$@o0a] | $cldd 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,
engineers often focus on other methods of noise reduction.

[0004] Two exemplary methods that may be used for image denoising

are briefly discussed-herein. The first method includes the use of local
smoothing filters, which ‘work by applying a local low-pass filter to reduce

the noise component in the image. Typical examples of such filters include



snmoot hing filters, which work by applying a | oca
| ow-pass filter to reduce the noi se conmponent in the

WO pge70464/ pi cal exanpl es of such filters PCT/US2006/047201
i ncl udeaver agi ng, nmedi um and Gaussian filters. One
probl em associ ated with | ocal smoothing filters is
that they do not distinguish between high frequency
conmponents that are part of the image and those
created due to noise. As a result, these filters not
only renmove noise but also blur the edges of the
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into the i mage space (reverse transfornm. Typlca

exandsedt, teseufiifert inot @ihdy rerabuéaocide bt dis@bhueihé edges of the
wavel ength transformfilters. However, the utilization

of timage.filters for image denoising is inpeded by the

| arge vol ume of cal culations required to process the

i mage [R054. Adwicondigapp, ofleseising metheds viark in the spatial

oscillations may.result fro he use.of. these filters .
Lo riganefomainy These ,mﬁttﬁ"@é%tsfw% firsfconygkt the image data into
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ef ficient imge denoi Sing nethod and apparatus which

do ndypihlexdinplesdifes:chffiltdre inctage DIBREiter ShiM/AR ength

THE | NVENTI ON [ 0006] The invention, in various

exenphrasipreviiidisndioweves| the edilizetianmdtthesk filidrs for image

apparatus. that allows faor jmage denoising in, an

i Prggfl?%fgllalé\g i@é'l_npede\QFby the 1argg voflume 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 i$ 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] Inaccordance Witﬁ exémplary embodﬁnents of the invention, a
method and implementing apparatus selects an image correction kernel,
which includes neighboring pixel pairs for an identified pixel, determines

average output signal values for pixel pairs in the correction kernel,



[0007] In accordance wth exenplary enbodi nents of the

i nvention, a nethod and inpl enenting apparatus sel ects
wa@roo7ieges correcti on kernel, which includes nepP@iTbsz0061g47201

pi xel pairs for an identified pixel, determ nes

aver age output signal values for pixel pairs in the

correction kernel,determ nes the difference between

the average val ues and the identified pixel's val ue,

conpares the difference values to a threshold and

i ncor porates sel ected average pixel pair values into
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foregol ng an vantages an eatures
| nvepélebtdd¥ver R alrSRflliby irtt Qaskdd ’ i
fol |l owi ng det a??ﬁgl de?cri pt on1 o?qtﬁﬁgal nvé{}t?ic?r?tl Walue for pixel

pr ov pdid Haelmgy differericefallesicayia tb o lesahaR aAtir&thold value.
drawi ngs, in which: [0009] FIG 1 is a top-down view

of a conventional mcrolens and color filter array

used in connection with a pixel array; [0010] FIG 2A

depi cts an i mage ion kernel for a red or blue
pi xel of a pi xel Bgﬁlrﬁi }%ﬁ HION{E THE PRAWINGS

invention; [0011] FIG 2B depicts a correction kernel

for a n . ' ' ' . .
o, ST, e B R R ARG e rvension

ker netill e hbfe readily HRderstIfrbm HOGIbWIhS ddadfiP¥es@iption of
flowhart of a nethod carried out by an inage

pr ocesimvehtionqooviddd belopt xweth refersace to docacdanpgnying drawings,
with, an h(;3xhen‘pl ary method of the invention;
In wnicn:

[0009] FIG. 1is a top-down view of a conventional microlens and color
filter array used in connection with a pixel array;

[0010] FIG. 2A depicts an image correction kernel for a red or biue pixel
of a pixel array in accordance with the invention;

[0011] FIG. 2B depicts a correction kernel for a green pixel of a pixel array
in accordance with the invention;

[0012] FIG. 3 depicts the correction kernel of FIG. 1 in more detail}

[0013] FIG. 4 shows a flowchart of a method carried out by an image
processor for correcting pixel noise in accordance with an exemplary method
of the invention;

[0014] FIG. 5 shows a block diagram of an imager constructed in
accordance with an exemplary embodiment of the invention; and

[0015] FIG. 6 shows a processor system incorporating at least one
imaging device constructed in accordance with an embodiment of the

invention.



[0014] FIG 5 shows a block diagram of an imager

constructed in accordance with an exenpl ary enbodi nent
wo@Rowg4snvent i on; and [0015] FIG 6 shows a pPOL/ESH06/047201

system i ncorporating at |east one imagi ng device

constructed in accordance with an enbodi ment of the

i nvent i on. DETAI LEDDESCRI PTI ON OF THE | NVENTI ON [ 0016]

In the follow ng detail ed description, reference is

made to the acconpanyi ng draw ngs, which forma part

her eof and show by way of illustration specific

These embodi merd S 1nEEREOER BOK rRINEH FErRRbiT
to enable those skilled in the art to practice the
invention, and it is to be understood that other

enbodilRBHels dayjhe éollewingdetailad dlashriptiony refexengk is made to the

| ogical, and elecgtrical changes may be made wi t hout
depaPEFITYPRRYIG HERERIES: »Whéﬁq‘a?%ré‘bﬁé’%t hetrot grdsdow by way of

i nveRtiqQn...The pr.agressi pn of processi,ng. st e .
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necessarily occurring in a certain order. [0017] The

t er meinhodiiméntamaysbe ubidized nand eHarssricbueal, logical, and electrical
photo-el ement unit cell containing a photosensor
devi changes awyds aweg withgut departing fregnthe spirigand scope of the

hotons to.an el ectrjcal signal. or purposes o . .
P s AV o he PraptesaRi ol Hpsbie P dgscribed is

i xel rav._iseill i £ S
Gesor ErERN St e bR ARG A E g BMIeRS 18Ry ep e sequence of
appl ishsti® ntR RGP PE L sbORAEH BefSn WRH ma§ HeQhalBE& S is known

for sensing fewer than three or
in the art, with the exception of steps necessarily occurring in a certain order.

[0017] The term “pixel,” as used herein, refers to a photo-element unit
cell containing a photosensor device and associated structures for converting
phbtons to an electrical signal. For purposes of illustration, a single
representative three-color pixel array is illustrated in the figures and
description herein. However, the invention may be applied to
monochromatic imagers as well as to imagers for sensing fewer than three or
more than three color components in an array. Accordingly, the following
detailed description is not to be taken in a limiting sense, and the scope of
the present invention is defined only by the appended claims.

[6018} In addition, it should be understood that, taken alone, a pixel
generally does not distinguish one incoming color of light from another and
its output signal represents only the intensity of light received, not any -
identification of color. However, pixels 80, as discussed herein, are referred

‘to by color (i.e., “red pixel,” “blue pixel,” etc.) when a color filter 81 (FIG.1) is



nore than three col or conponents in an array.
Accordingly, the follow ng detailed description is not

wo eoobe7d4eken in a limting sense, and the scopeCDUS100€047201
present invention is defined only by the appended
claims. [0018] In addition, it should be understood
that, taken alone, a pixel generally does not
di stingui sh one incom ng color of |ight from another
and its output signal represents only the intensity of
i ght received, not any identification of color.
However, . pi xel s 80, a i seussed herein, are referred
to b‘;}S%PgFOIP?‘?C'é‘.O}‘ wi iB&é?sl,a-rr%F%&%ﬁsmanﬁ%ﬁa&vyavelengﬂi
when_a colgor filter 81 (FIG ) jsused. i n I Qn
et shesbbiba e midithiet cotaf ShS B Rl s0. F1G.1
' ANOGefitd bbxert By RARMNREnhPcAoP Altkl swﬁg; g{rghgéd in a Bayer

onto tne plxe epl cts one exe

convgaitea) @bvemhgra pixkl &Fradtd 8cusAinkAGRH light 2 ABayRTingly, when
pattern, covering a pixel array to focus incomn ng

| i ghthe teenofidrujkygl” ishsad tHeeeingitiis tefedripgtela“pikel assedated with
herein, it is referring to a pixel associated with and
r ecefR{ ageaiving light thaghsh aried codprofilter; when theniesm Hue pixel” is
term"blue pixel" is used herein, it is referrjng 1o a.,

of xensebbBeta £ wEHIHEP £ LR APIRAPe s el ing light

bl ueyGal,of d bikUolo PRt JA8n AL Berd BERPLKEN sl fed herein, it
used her&n, TT is referring to a pixel dsSociale
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[0019] Figures, FIGs. 2A and 2B illustrate parts of

pi xetolaf Fidges. 100, 110, respectively, each having a
respective identified pixel 32a, 32b that nay undergo

a cor (¥ veFipurro FIGs. 28curddal ddustrate pants ofrpixal argays 100, 110,
The identifi.ed

ol WEFPRCHKEFA b e siopBetbrs e pixebi d at may

| denltni'lzliereéjo P icérerlec \‘gg i todiirs’l adcSHdB5le Q\Biﬁ% h‘xe invention. The
identified pixel 32a in pixel array 100 may be either a red or a blue pixel.
Pixel array 110 has an identified pixel 32b that is a green pixel.

[0020] In the illustrated examples, it is assumed that the pixel arrays 100,
110 are associated with a Bayer pattern color filter array 82 (FIG. 1); however,
the invention may also be used with other color filter patterns. The color
filters 81 focus incoming light of a particular wavelength range onto i;he
underlying pixels 80. In the Bayer pattern, 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 i)ixels.

[0021] . According to exemplary embodiments of the invention, to denoise
pixels, the present-invention utilizes signal values of the four nearest
neighbor pairs of the identified pixel 32a, 32b. The identified pixel 32a, 32b is
the pixel currently being processed. The' neighboriﬁg piers are collectively

referred to herein as-an image kernel, shown in FIGs. 2A and 2B respectively



[0020] In the illustrated exanples, it is assuned that

the pixel arrays 100, 110 are associated with a Bayer
w@atoveraecol or filter array 82 (FIG 1); howevPeT/Us1ve6/047201

invention may al so be used with other color filter

patterns. The color filters 81 focus incomng |ight of

a particular wavel ength range onto the underlying

pi xel s 80. In the Bayer pattern, every other pixel

array row consists of alternating red (R) and green

(G colored pixels, while the other rows consist of

alternati n&ﬁ{ een i)bG) and bl ue (B) .color pixels

[ 00223 ke laqfflmghb% RS tnff'emcluded in each

o 1 Fese 1ol &ﬂ?ﬁaﬁ@%ﬁ “pfignbalrBraira s e s gplor are split
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The pehgRRethaGHR! 1ﬁﬁ§§a@cﬁc&9&étﬁﬂ kéi%JeYs 163 ‘10?6’ afé’exemplary,
herein as an | nage kernel, shown in FlGs. 2A"a

r es paed el otaer kerraetion keheels irtibe &ubsﬁnaﬂorqﬁxaj ag‘tﬁys using color
nei ghbor pixels are included in each kernel 101a,
101bfilt#hpategtstother givottienBaysingsiterof nlhddition, a:otblmection kernel
are splitt into four pairs which are sympetric to

i denteyldeancpmeasspgre cglzlﬁss tharseight &e%‘h%%‘%?”ieiﬁaﬂf desired.

et SHEFIGRS NP, B BEeRelty Spmerbndpgls 1012, 1010
chosgl dQiiin t% Ltury H aafaé‘éf 'ﬁ‘f‘\' .n@of ﬁg fldlﬁ?f\eféaéﬂe%ﬁéﬁt pixels (pixel

ot her t ayer ter n t i on,
Cor r eg;t1iz0Ma kox BE| 5L @@I Qn@ @o R s ccms 8 ti@nientified pixel
ei ght nef ghbor| ng pi xel s, deS| red. [0022] In FIGs.

2A abzh.28]thblghdk eppbms;thabcamectumnkkmah é0%a ¢odtajnsigtteen pixels,
are outlined with a dotted |line. For kernel 10la there

are itis@ﬁulcbbfe sloteq phatdialfiof thepixels arg gregy pixgds, velgose signals

o R o TR (SOl Aoy L Bl 1 . 7

cont Qétﬂgl ﬁifglseﬁﬁt Rhael ap 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.

[0023] With feference 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 each pixel has a value that represents an amount of light
received at the pixel. Although representative of a readout signal from the
pixél, the value is a digitized representation of the readout analog signal.
These values are represented in the following desc;ripﬁon as Px Wﬁere “P” is
the value and “x” is the pixel number shown in FICS. 2A or 2B. For
explan,ahon.purposés oﬁly, the method 200 is described with reference to the
| kemei 101a and pixel 32a illustrated in FIG. 2A..



it should be noted that half of the pixels are green
pi xel s, whose signals would not be considered for use
w0 noodemassi ng of a red or blue pixel 32a. The BCT/U§1006/047201
pi xel s that make up kernel 10la are shown in greater
detail in FIG 3. Kernel 101b al so includes eight
pi xel s (pixels 12, 23, 34, 43, 52, 41, 30, and 21)
havi ng the sane green color as the identified pixe
32b. [0023] Wth reference to FIG 4, an exenplary
met hod 200 of the present invention is now descri bed.

I.“Fcu 8, Biasl i e bl oot PEREP RSB B denstea
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fro e pl xe ue i's Itized

r epr §aRidticany %catté& af@ﬁ@w tie ?ﬁ@l 8% sipdired ARE%Re average value
val ués are represent ed in the 1 owi ng descrl ption as

Px WAgdidol Pich pairfie calallaed ddiring' step 208e Thiexeikelnpaibefor kernel
shown in FIGs. 2A or 2B. For expl anation purposes
onl y10kaharerké) arod 52012 and G253 ansb d4vintch50 endrldn s ¢an be seen, the

the kernel 10la and pjxel 32a illustr, ted
2A. [ BoPa FOmPTiEe Rlﬁglﬁ d&Pt e opROsie gid 65 b Fh%?;nﬂéﬁeﬁlgplxel 32a.

pr oc t t k I
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ker nglicdfddéyis selected for the pixel 32a, each of the
kernel pixels symetrically |ocated around the pixel

32a a[@2R)i r ad seapri204) forwadtapsic vé bireld) apdifferénte werdab Dy between
pair is calculated during step 203. The pixel pairs
for terpicel pmavar@emalaﬁ@r@zlr%emxeldweg progesaed 332 is computed.

and 50 and 14. As can be seen, .the pairs _conpr,ise
pi xeF'er SXAINPl EOLRXGHBBYI 1% tae@ﬁferetrwe D%nt'#l#@&’n' is

P s bayaatned ol 35ReB 250t Rliith o R Vaidiés DR% or llpairs 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.

[0026] Next at step 206, the average values Apair Of the pixel pairs having
difference values Dy.ir less than or equal to the threshold value TH are
averaged with the pixel value Ps.. For example, if only difference values
Dizsz, Daoas for pixel pairs 12, 52 and 30, 34 are less than or equal to the
threshold TH, the average values A2 and Asoss are added to Pxa and the
sum is divided by 3 to denoise the value of Psz.. In one exemplary
embodiment, the value of Pa2a is calculated using .fo'ur average values and/or

‘ A,the value original value Qf Paza _When all four differeﬁce values are less than
,er equal to the thresho.ld.' In &ﬁs:embodimen{:, if.the-diffefenée value Dpa is
less than or equal to the threshold, the average value of the pair is added to '

the sum otherwise the value of Pz is added instead. Accordingly, if all four



cal cul ated. [0025] At step 204, for each pair of

pi xel s, a difference value DPair between the pixel
w@aior/oz4es age val ue and the pixel being procesBerUSBas/047201

is conputed. For exanple, for pixel pair 12, 52, the

di fference D1252 = | A1252-P32] is cal cul ated. Next at

step 205, the difference values Dpair of all pairs are

conpared with a threshold value TH. The threshol d

value TH may be presel ected, for exanple, using noise

| evel s fromcurrent gain settings, or using ot her

206,

aver §€B1e31ta?ela%"§ Rgarast b %ﬁ]er%%telp?%g?t v Iheaqu«}éo 16e threshold, the
? I’I]; gg{w %?lgaeiv a]?u 8%13'3 ar en%tves i aaﬂqﬁt etﬁ %ec{j\éqlag of Psza.
P32aH0Ev9év&Xﬁn'fEreexahfnspl‘énbﬂéﬂM gf g‘gaccfig%%ﬂ&s B‘u%?%ﬁ e less than or

D3034 for pixel palr are ess

or 1 toGhkhRrdshotd oled alik of P&, ﬁ%@ea&wdﬁh@&o/z\.&?e%te the
and A 034 are added to P32a and the sumis divided by

3 t oderoized valine of/ Rbzi €. e0f PaR32ApairtHA p@B PN ERRL a(Eenerally, averagmg a
enbodi ment, the value of P32a is cal cul ated using four

aver ByEheriof aalueriviich eoraperenf tva4e.gv avesagingPs 228, values
when all. four difference val yes are |ess, than, or equal.

to tREXAFBIAY trlcniate and 4t Hepgers; {Aqqeadingly, it easier to

A Rl o e
the sURLE! BRINESE: Hh@d@ri’éﬁmqg nB8 Aighited ?c?jﬁf‘ége 'ﬂtﬁl&ﬁgntatxons and

Accordingly, if a fourof the pairs of neares

nei ghiagrise mlpldrﬂasteﬂthg angGuithbleoniimdet bf eahﬂisd t he
original value of P32a is not used to calculate the

denoi §&RAlal Tbeahetb®pladesduihed dvereinfmay dve caxdeplomt oordagh p1xel
two of the difference_ values are |less than or equal to

t he $iBPaLaditds Pracesied uésarixesyalyes ays stenoigeds Hievalugs of

cal Cgl‘e%gugly denoised pixels may be used to denoise other pixel values.
Thereby, when the method described herein and the values of previously
denoised pixels are used to denoise other pixels, the method and apparatus
is iInplemented in a partially recursive manner. However, the invention is
not limited to this implementaiﬁon and may be implemented in a fully
recursive (pixels are denoised using values from other denoised pixels) or
non-recursive manner (no pixels having been denoised are used to denoise
subsequent pixels).

t6028] The method 200 described above may also be implemented and

carried out, as discussed above, on pixel 32b and associated image correction
kerniel 101b. For example, in step 202 the kernel 101b is selected/identified.
After the associated kernel 101b is selected for pixel 32b, each of the kernel
pixels symmetrically .loc’atéd around pixe1,32.b ‘arcfe.paired and the average

value Apair for each pair is calculated duriﬁg step 203. The pixel pairs for



denoi sed val ue of P32a (i.e., P3__ =
APai ri +APai r 2+P32a+P32a). General ly, averaging a

woewosero4ef val ues wh ich is to a power of two PET/S2006/047201

averaging 2, 4, 8, values etc.) is easy to calcul ate
and apply in imagers. Accordingly, it easier to

i npl emrent the invention by averagi ng a nunber of

val ues which is a power of two. However, the invention
is not limted to these inplenentations and nay be

i npl enent ed using any suitabl e nunber of val ues.
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val ue previously n0|se

denodéﬁoi@h?fo Rin{6Vé sptifieubRiondi aN thodPgreatdiShiaf 6 standard
inplemented in a partially recursive manner. However,

t he deviationsh Ascoralinglyntheihvemtioni is bebtel etitiriedtvwhen 1mp_1emented
and may be inplenmented in a fully recursive (pixels

ar e didenthasanags detalaskesns pavestieddry déﬂtﬂrswéldICbuwél ¥move

or non-r.ecursive manner (no pixels having been
denofREdOYF BOtf€ed t 0o denoi se subsequent pixels).

0028 h
ol ot Tha Teabf PeBiRgH 30eBRYE dirded Sutogiments. For
LA s S TS5 ks i

sel emeeldhirdwibiicH red indludy RAM, ﬁsgpy idagle dlak tRelsmissién, compact
is selected for pixel 32b, each of the kernel pixels

sy méiski etd Bydlthelabecexamdob}pau ebs@2dtedmropessoed Fandxample, the
t he average val l{) Apair for _each pair is calcul ated

dur | Ryeston mg e]‘ﬁéplﬁmé‘élte‘é ap rasPlPSrlR‘efPﬁ gxistipgsofvearsy

and 3 phcagtloe}‘ls 01‘5i% may uggcg on 1ts gv(]rxq. ﬁeqplgrer%tslon-@ not limited to the
carrier mediums specified herein and the invention may be implemented
using any carrier medium as known in the art.

[0031] FIG. 5 illustrates an exemplary imaging device 300 having a pixel
array 240. Row lines of the array 240 are selectively activated by a row
driver 245 in response to row address decoder 255. A column driver 260 and
column address decoder 270 are also included in the imaging device 300.
The imaging device 300 is operated by the timing and control circuit 250,
which controls the address decoders 255, 270. The control circuit 250 also
controls the row and column driver circuitry 245, 260.

[0032] A sample and hold circuit 261 associated with,the column driver

.260 reads a pixel reset signal Vrst and a pixel image signal Vsig for selected
pixels of the array 240. A differential signal (Vrst-Vsig) is produped by

| differential amplifier 262 for each pixel and is digitized by analog-to-digital
converter 275 (ADC). The 'analog—to—digital converter 275 supplies the



remai ni ng steps 204-206 are carried out as di scussed

above. [0029] The above descri bed enbodi nents nay not
w@ewviodges uf fi ci ent denoi sing to renove spuri ORPGT/IIS1086€047201

(i.e., noise greater than 6 standard devi ations).

Accordingly, the invention is better utilized when

i npl emented after the image data has been processed by

a filter which will renove spurious noise. [0030] The

is not restricted to the above descri bed enbodi nents.

For exanpl e, a program enbodying the nethod may be

stored _on a carrjer_nedi umwhich may i

C ( RAM
f | opfipitifesk pL@h sigralninsn HEASA Procfat Eé:@?vggs:h orans apg may
then b e executed by ap associ ated .. For.. <
exarBRB I ST BAEESn LHATEe R e CEaTaE A fiiiighph s capable
; Y : : o q
15 SRR APR0 B3, A er e iRy BT, o
medi urpb3spe kG esHRK S ksteRtll 1012 aitPpRAl pedcedBYr HRtem modified to
i npl enented using any carrier nmediumas” known in the
ar t . inkR{lfhefhfagihgid dwisd 360 @IGah) ekeheiinaentionn Jihegystem 1100 is

device 300 having a pixel array 240. Row lines of the
ar r sgxezaplagy of selystemhaving digitad ciguity that eamldringlade image sensor

i AViESo Bt A MaiFgs Sadt o dus ez Goudbinarady @ computer
included in.the_ i ' devi 300. The | ' ice.

300 PSSP 86 VIR HEET T oo AR BT Lo T teo phone
Whi chh £9Bid Rlcﬁstsggtoeﬁ‘lgdéte&ﬁeg %Qg&r Systems. aﬁ%rnzl?l%l%processing

control circuit | so control's tthe row and col u
dri vein 15é 86t bihythé4maldPButh@QFthe digelrait ey byt haldevired circuit

circuit 261 associated with the columm dri ver :
located between the amplifier 262 and ADC 275.

[0034] 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.
Im;e\ging 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 memory storage
on a single integrated circuit or on a different chip than the processor.

[0035] While the invention has been described in detail in cormec‘:tion
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 ihcorporate, any number of
" véfiatiqns, alterations, substitutions or equivalént arrangements not

heretofore described, but which are commensurate with the spirit and scope

10



260 reads a pixel reset signal Vrst and a pixel inmage
signal Vsig for selected pixels of the array 240. A

waledo7erm@mt i al signal (Vrst-Vsig) is produced bRCT/US2006/047201

differential amplifier 262 for each pixel and is
digitized by analog-to-digital converter 275 (ADC).
The anal og-to-digital converter 275 supplies
thedigitized pixel signals to an i mage processor 280
whi ch forms and mayout put a digital inage. The inage
processor 280 has a circuit that is capable of

performng the method 200 (FI G 4) on pixel array 240.
[ooﬁ]t{{] peventiatholigr examnplg. themethody gan be ysedouith grixels in other

LRI BB B, 0L 20 et wouls
ol Tp e At Bly B hAGid theinfirddd] Shdclhited to the type

|'i mdfiinGoes Wekic WThER & WHiskd. T8 8ha iResEIs not to be seen as
system still or video canmera system scanner, nachine

vi silonitedtitdethefooegoingniesatiptiohOswsisydy dithited bgtthescope of the
i mger systens. Alternatively, processing can be done
on tappendgidodaisag.put of the pixel array by a hardw red
circuit located between the anplifier 262 and ADC 275.
[ 0034] System 1100, for exanple a canera system
generally conprises a central processing unit (CPU)
1102, such as a m croprocessor, that comunicates with
an input/output (1/0O device 1106 over a bus 1104.

| magi ng device 300 al so communi cates with the CPU 1102
over the bus 1104. The processor-based system 1100

al so includes random access nenory (RAM 1110, and can
i ncl ude renovabl e nenory 1115, such as flash nenory,
whi ch al so communi cate with the CPU 1102 over the bus
1104. The inmagi ng device 300 nay be conbined with a
processor, such as a CPU

11



di gital signal processor, or mcroprocessor, wth or
W t hout nenory storage on a single integrated circuit
wo@rooon7@edi fferent chip than the processor. [ 0PSBS2006/047201
VWil e the invention has been described in detail in
connection wi th exenplary enbodi nents known at the
time, it should be readily understood that the
invention is not limted to such discl osed
enbodi nents. Rather, the invention can be nodified to
I ncorporate any nunber of variations, alterations,
substitutions or equival ent arrangenents not
heret of ore described, but GhA&MSare comensurate with
the spirit and scopeof the invention. For exanple, the

t he hﬁ&g?é e a'glg glg rcrile\g%%gg I;;kasugﬁ Cfi | ggrlg?ggrtgé %J&e[[er{?erg BAfnt of the

woul d be adjusted accordingly. In addition,
Lhuuﬂ#ﬁgqeﬁdﬁntlon is not limted to the type of inager

device in which it is used. Thus, the invention is not

to pe AspBdasd bf dbhewidyy iMVﬁMe@@Qtr[}msiﬁthe Atiswf;
but is only limted by tﬁe scope of the appended
clainms. CLAIM5S What is clained as new and desired to be
pred¢atirtgeal séyof retigbberiRgrels shirtavanding eaddentified | s:
1. A nethod of denoising pixel values conprising the
pixel;acts of: selecting a set of neighboring pixels
surrounding an identified pixel; for each pair of

PiXen a{lrgbf;ﬁ) géisdw?tﬁg% | %{Qfg gn‘P ﬁJ, ixefb Lﬁa&i[&h&ﬁilf afd €

on 0ppo €S 0 pi xel

on opgsgl@é Bl R sR7d reRARE Pkl Qle@érntuhﬁl !a?( leéra(%e ¥dl@e of
alr; for each pair of pixels, calculating t

the pifélkicfthepaiet ween sai d

for each pair of pixels, calculating the difference between said

identified pixel value and said average value of the pixel pair;

for each pair of pixels, comparing the difference value toa

predetermined threshold value; and

incorporating at least one average value into a denoised identified

pixel value based on the comparison.

2. The method of claim 1, wherein said incorporating step

further comprises:

for each difference value less than or equal to the fhreéhold, adding

the average value to the denoisec_i identified pixel value; and

obtaining an average based on the number of average pair values

added to-theé denoised identified pixel value.

12



identified pixel value and said average val ue of the

pi xel pair; for each pair of pixels, conparing the
waledo7erance val ue to a predeterm ned threshol dPORUSEP6/047201

and incorporating at | east one average value into a

denoi sed identified pixel value based on the

conparison. 2. The nethod of claim1l1, wherein said

i ncorporating step further conprises: for each

di fference value less than or equal to the threshold,

addi ng the average value to the denoi sed identified

pi xel val ue; and obtai ning an average based on the

nunBer The raeéwoab@f gaim 1v athersiradeatt 0 selecting toe sefof

identified pixel value.3. The nethod of claim 1,

wher ei RPfeieSaroupding a@ééﬁwg e} @1§%1tC08$P1E$%§eﬂe§.eC“ng a

o c- doPE S HEInRaTEr o6t hBarisel PRAAR S FBJP G Ee
sane Cg&f?)rragsthy?i% %ﬁfveecﬁ&}éle pi xel . 4. The net hod of
e

claim mhereln e prie-determ ned nunber of nearest
pi xels is eight. 5. The nethod of claim 11, wherein the

met B0dThe rheoeN¢letn 35 wheregu s %& -deteh@iheBnuditer
nmet hod of claim 1, wherein the nethod is inplenented

as a nofinpawmgt pixads isstightl. 7. The nethod of claim1,
wherein the nethod is inplenented as a partially

recyr Slﬂ{le meghodd of claim 1, wherein the method is implemented

as a recursive method.

6. The method of claim 1, wherein the method is implemented

as a non-recursive method.

7. The method of claim 1, wherein the method is implemented

as a partially recursive method.
8. Animaging device comprising:

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

a signal representing an amount of light received; and

a pixel denoising circuit for denoising at least one identified pixel
value by providing a value to replace said identified pixel value, said
value being obtained by comparing values derived from average pixel
pair values to a threshold, and averaging at least one average pixel pair

values.

13



8. An immgi ng device conprising: a pixel array
conprising a plurality of pixels, each pixe
woiopatibng a signal representing an anount of PCT/JE1006/047201
recei ved; and a pixel denoising circuit for denoising
at least one identified pixel value by providing a
value to replace said identified pixel value, said
val ue bei ng obtai ned by conparing val ues derived from
average pixel pair values to a threshold, and
averagi ng at | east one average pi xel pair values.9.
The i magi ng device of claim8, wherein the denoising
Ci M UiThesingingtdewithobdhirh®, wetherein the: dasingsgragt
device of claim8, wherein the set conprises four
pi xel sparesshe thresliblsl valaigi ng devi ce of claim8 wherein
the denoising circuit cal cul ates the average val ue for

o Bl B AT S e

differ nce.q%tmegn the cal cul ated average val ue for
each paHf PATa RAE i dentified pi xel value. 13. The
i magi ng device of claim 12, wherein the denoi sing

Ci{Luifhe ﬁﬂﬁ’%ﬁrf‘g?_d&ﬁ@@ ofl tiaf@y 8 ReReredth thee Hondising circuit
t hreshol d. 14. "The i magi ng device of claim 13, wherein

t he depgidang thieavetdgeealoelfat eactapiel paiige val ue for
the identified pixel incorporating the pixel pairs
having difference values |ess than or qual 1o the

t ht2shbBhelimaging device 9é cladenil rylagrefh thg denoising

circuit calculates the difference between the calculated

-average value for each pair and the identified pixel value.

13. The imaging device of claim 12, wherein the denoising

circuit compares each difference value to the threshold.

14. | The imaging device of claim 13, wherein the denoising
circuit calculates an average value for the identified pixel
incorporating the pixel pairs having difference values less
than or equal to the threshold value and the identified pixel

value.

15. The imaging device of claim 8, wherein the value is
calculated by averaging at least one average pixel pair value
and said identified pixel value.

16. ‘The imaging device of claim 15, wherein the identified pixel
value is used more than once to calculate the value.

17. A processing system comprising;

14



val ue. 15. The inmagi ng device of claim8, wherein the
value is calcul ated by averagi ng at | east one average

w@Rooglo7@ed r val ue and said identified pixel

vaPOEUS1066/047201

The i magi ng device of claim15, wherein the identified
pi xel value is used nore than once to calculate the
value. 17. A processing system conprising:a processor;
and an i magi ng devi ce connected to the processor and

conprising: a pixel array conprising a plur
pi xel s, each pixel outputting a signal repr
anount of |ight received; and a pi xel denoi
cd prefdessépandenoi si ng at | east one identifi
val ue by providing a value to replace said

i xel value, .said valu obt ai ned b
\F/)%ii{lﬁég’&'& ovge F?%ﬂ?%@# élé BF%@SS%WW

ality of

esenting an

si ng

ed pi xel

identified
aring

R% a

t hreshol d, and averaging at | east one average pixe

| 17
ii"%"eie.vﬁi>“ﬁela.rfnééf%f§ sHES BRRIAI YL, Yach A
N5 @GRIBREG YARPIERREschklprl ot of ipHt hecélm'am

device iS a i mager The processing

system of

claim17, wherein the value of a given pixel is a
di gi t i 2pikeleleneising aircoit fof deheisimg ahleast ohe gheantified

recej ved by that pixe

I
pixel value by providing a value to replace said identified pixel

value, said value being obtained by comparing values derived

from average pixel pair values to a threshold, and averaging at

least one average pixel pair value.

'18. The processing system of claim 17, wherein the imaging

device is a CMOS imager.

19. The processing system of claim 17, wherein the imaging

device is a CCD imager.

20. The processing system of claim 17, wherein the value of a

given pixel is a digitized representation of the amount of

light received by that pixel.

21. The processing system of claim 17, wherein the denoising

circuit calculates the average value for each pixel pair.

22. The processing system of claim 21, wheréin the dénoising

circuit calculates the d1fference between the calculated

average value for each pair and the identified p1xel value.

15



21. The processing systemof claim 17, wherein the
denoising circuit cal cul ates the average val ue for
w@awhopisel pair. 22. The processing system of PCi/as2o06/047201
21, wherein the denoising circuit cal culates the
di fference between the cal cul ated average val ue for
each pair and the identified pixel value.23. The
processi ng system of claim 22, wherein the denoising
circuit conpares each difference value to a threshol d.
24. The processing systemof claim 23, wherein the
denoi sing circuit calculates an average value for the
i 2%t | Theepruessing systerpaf atding22, iveherete thedensising/i ng
di fference values |l ess than or equal to_the threshold
val ue @rmitit pempases ¢acheditisrsiage vadng o athreshodd.
processing systemof claim17, wherein the value is

ok b r sk E R B RRr P FhE e Bl

pr ocesgi e §X1§£Fa%s°£n %b@ia{g?%ﬁalug"f@{ fdkhs xb&%ﬂ&éﬂ" ed

pi xel Vva used an once to cal culat'e the

val ue.ingdrpdy AL hgait B2 AR gagisReddeoehlneo Bisam
sai d program endabl i ng sal d processor to denoi se an

i mage fhancar éqialgo ehié thieshalt salak arsktheddientfiedgikelof
nei ghbori ng pi xels surroundi ng an identified pixel;
for eacdugair of pixels within said set, where pixels
in each pair are

25. The processing system of claim 17, wherein the value is
calculated by averaging at least one average pixel pair value

and said identified pixel value.

26. The processing system of claim 25, wherein the identified

pixel value is used more than once to calculate the value.

27. A processor having an associated program, said program
enabling said processor to denoise an image by carrying out

the acts of:

selecting a set of neighboring pixels surrounding an identified

pixel;

for each pair of pixels within said set, where pixels in each pair are
on opposite sides of said identified pixel, determining an average value of

the pixels of the pair;

for each pair of pixels, calculating the difference 'béfween said

identified pixel value and said average value of the pixel pair_;

16



on opposite sides of said identified pixel,
determ ning an average val ue of the pixels of the
w@aior/o7d464 each pair of pixels, calculating theCT/US2006/047201

di fference between said identified pixel value and

sai d average value of the pixel pair;for each pair of

pi xel s, conparing the difference value to a

predeterm ned threshold val ue; and incorporating at

| east one average value into a denoised identified

pi xel val ue based on the conparison. 28. The nethod of

claim 27, wherein said incorporating step further

c chapir phpixelp fomparing Heediffargace ¥alaa toan or

ual to.th reshol d,, addi ng the average value to

EHEde?ﬁ%“ﬁ@ﬂd?%@%“ﬁaéﬁﬁ??ﬁ%%ﬂpier val ue; and . obtaining

an average based on the nunber of average pair val ues

a [ : e : .. The

B a0y S B A b el plt ol

pixel $&lueBasBd e theSerhplAgbAg an identified pixel
conprises selecting a pre-determ ned nunber of nearest

pi xel s having the sane color as the defective pixel.
3028Th é"hm;nhg@d)of dhin@A729henpiay ssid intns poratiog stapri ned
nunber of nearest pixels is eight. 31. The nethod of

cl ai m dyrthgpeprapaisefie net hod is | npl enented as a
recursive nmethod. 32. The nmethod of claim 27, wherein

tRS dRhRfiffelShee value less than or equal to the threshold, adding

the average value to the denoised identified pixel value; and .

obtaining an average based on the number of average pair values

added to the denoised identified pixel value.

29. The method of claim 27, wherein the act of selecting the set
of pixels surrounding an identified pixel comprises selecting
a pre—deternﬁned number of nearest pixels having the same

color as the defective pixel.

30. The method of claim 29, wherein the pre-determined

number of nearest pixels is eight.

31. The method of claim 27, wherein the method is

implemented as a recursive method.

32. The method of claim 27, wherein the method is

implemented as a non-recursive method.

33. The method of claim 27, wherein the method is

implemented as a partially recursive method.
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i mpl emented as a non-recursive nmethod. 33. The net hod
of claim.27, wherein the nethod is inplenented as a

w@arwioai4by recursive method. 34. The met hod accPeTURPOE/@17201

pixel;

claim 28, further conprises incorporating the
identified pixel value into said average cal cul ati on.
35. A carrier nediumcontaining a program for
operating a processor to denoise an image conpri sing
the acts of: selecting a set of neighboring pixels
surrounding an identified pixel; for each pair of
pixels wthin said set, where pixels in each pair are
0B4.0pWhsithethgiddesondingaiicdclaise 28 furtdepioraprises

determ ning an average val ue of the pixels of the

pai r ; ifcorpesaingtie id(%ﬂt@eﬁep@ﬁl valvednig said aveeage

di fference between said identified pixel value and
said ﬁ#@ﬂkﬁE”Value of the pixel pair; for each pair of
pi xel s, conparing the difference value to a

predetermned th . ; ' ' at
5t e eradni) APt f pr Rl JEEOPEERIAS 3

pi xel Bins4pE@ThpPRingthe ddie ofredi um of
cl ai n'fp}ggkéé\%ﬁg?i?gnggﬁtghﬁ ncor por at i nlgnggt e?p fu?t her
conprises: for each difference value |ess than or

selealing @ sehef hhightiooing phali nigrronadingraidentifie’d t o
t he denoi sed identified pixel value; and

for each pair of pixels within said set, where pixels in each pair are

on opposite sides of said identified pixel, determining an average value of

the pixels of the pair;

for each pair of pixels, calculating the difference between said

identified pixel value and said average value of the pixel pair;

for each pair of pixels, comparing the difference value to a

predetermined threshold value; and

incorporating at least one average value into a denoised identified

pixel value based on the comparison.

36. The medium of claim 35, wherein said incorporating step

further comprises:

for eéch difference value less than or equal to the threshold, adding

the average value to the denoised identified pixel value; and

obtaining an average based on the number of average pair values

added to the identified pixel value.
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obt ai ning an average based on the nunber of average

pai r values added to the identified pixel value.37.
wab@7oedsaum of claim 35, wherein the act of seP@DUBI9g6/047201

the set of pixels surrounding an identified pixe

conprises selecting a pre-determ ned nunber of nearest

pi xel s having the sanme color as the defective pixel.

38. The nedium of claim 37, wherein the pre-determ ned

nunber of nearest pixels is eight. 39. The nmedi um of

claim 35, wherein the nmethod is inplenmented as a

rec e nmethod. 4Q., The medium of claim_ 35, wherein

t he%r ediympilaimaa wherindhe ragt: of ﬁlﬁjéﬂgﬁtt%&ﬁt
41. Th f cl t

ol eniﬁtpéaelgg‘uiroaé}cfm|wds“@&e§- RlschaRBisen s ioging
medi umy m’n%ﬁecfl %%{\@goﬁwéé efs%qz[xﬂg AL ke

t he |de |f|e pl xe ue 1nto sal avera
cal cul @bldihs the defective pixel.

38. The medium of claim 37, wherein the pre-determined

number of nearest pixels is eight.

39. The medium of claim 35, wherein the method is

implemented as a recursive method.

40. The medium of claim 35, wherein the method is

implemented as a non-recursive method.

4]1. The medium of claim 35, wherein the method is

implemented as a partially recursive method.

42. The medium of claim 36, further comprises incorporating

the identified pixel value into said average calculation.
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