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BACKGROUND OF THE INVENTION

[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 complicated noise reduction algorithmé which reduce noise in the picture
without edge blurring, however, they require huge calculating resources and cannot be
implemented in a 3111con-on-a-ch1p application. Most simple noise reduction

algorithms which blur the edges of the images.
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exanpl es of such filters include DFT filters and
frequepsyelamairh Theseshethmds fypéeadly fitee cohivbitabbiigageldata into a
frequency space (forward transform), then filter the transformed 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, However, 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
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amplitude threshold (TH), which may be a function of analog and digital gains that

may have been applied 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
accomplishes this by processing a central target pixel by averaging it with all its like

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;



[0008] The exenplary noise filter could be applied
either to each color separately in Bayer
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| um nance/ chrom nance (YW), or other color space. The
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device constructed in accordance with an embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0017]  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
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referred to by color (i.e., “red pixel,” “blue pixel,” etc.) when a color filter 81 is used in
connection with the pixel array to focus a particular wavelength range of light,
corresponding to a particular color, onto the pixels 80. Accdrdingly, when the term
“red pixel” is used herein, it is referring to a pixel associated with and receiving light
through a red color filter; when the term “blue pixel” is used herein, it is 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 pixels in a

blue row.

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

associated with a Bayer pattern color filter array 82 (FIG. 1); however, the invention
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that the illustrated correction kernels 101a, 101b are exemplary, and that other

correction kernels may be chosen for pixel arrays using color filter patterns other than
the Bayer pattern. In addition, a correction kernel could encompass more or less than

eight neighboring pixels, if desired.

[0023] In FIGs. 2A and 2B, the exemplary correction kernels 101a, 101b are
outlined with a dotted line. For kernel 101a there are eight pixels (pixels 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 sigﬁafs 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
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| xels,. the present invention utilizes signal val ues

selectegifhcfwfﬁ\égrlé er the gm;qtg@ k,grlx@lﬂglgﬁs 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 illustrated example, at
step 203, neighboring pixels 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 pixéls
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
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referred to herein as an i mage kernel, shown in FlGs.
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exenpl ary, and that other correction kernels may be

color filter patterns

.ch f j xel usi |
cenoiGRE S5t PSS b Aol e b THRacbs hen the method

. i O caul.d._enconpa nore qQr J|e t han
descriBBAebirOhd Fh0Gure8 Wby B0 TR AR RES el hre sy & denoise ofher

P RS s O AR NG GELED, PRy 14t

are outlined with a dotte
(pixelanee degbisedivsths vaRiesgtemishevidisly 4 i s FRfly
. and 30) having ?he sane c§?6r as.%hgnﬁﬁggﬁégfgz targ%‘t’er’the
invenfipr s ngplimipid hotgh implappe@ton dred negs be DhplémbRfddEin a fully

10l1a contai ns sixteen pixels, it should be noted that
recursigg {bigplsate dieited rBEgidess BPRoptendrsises] phals or non-

be considered for .use in denoising of a red

recurs$e'bfsrh (RF 15508 bRV bedt, 408 Gisad arp ived 40 dsae spegupsequent
pixelsyp kernel 10la are shown in greater detail in FIG 3.

Kernel 101b al so includes eight pixels (pixels 12, 23,

34, 43, 52, 41, 30, and 21) having the sane green

col dB028] t hFhideethioki 200 @ésceibed2boviedA3Fa1W wimﬂ]emented and

e

. reference to FIG 4, an exenplary nmethod 200 of

carrieqh ppcas dispyssed ahovies on darght pixéllSeh. ankhassovetred iagelk@rrection
I ]9&{%i out qX an ina%F processin%

ernel 101b. For example, in step 202 the kernel 101b is selected/identified. After the
associated kernel 101b is selected for target pixel 32b, the differences in values between
each of the neighboring pixels 12, 21, 23, 30, 34, 41, 43, 52 in kernel 101b located around
target pixel 32b and the value of target pixel 32b are compared to a threshold TH in step
203. The remaining steps 204, 205 are carried out as discussed above for the pixels

corresponding to kernel 101b.

[0029]1 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
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pi xel_. 4 0026] Next, at step 204, a value P(pixel) for '
eacﬁog:f I heAksample #Fdkbeld 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 produced 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 digitized pixel signals to an image processor 280
which forms and may output a digital image. The image processor 280 runs a program
that is capable of performing the method 200 (FIG. 4) on the digitized signals from the
pixel array 240. Alternatively, processing can be done on the analog output of the pixel

array by a hardwired circuit located 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/Yellow/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



| ocated around the target pixel 32a, which were
selected in step 203, are added to a correspondi ng

wo adoaeetses the target pixel 32a and an aver agePUHUSI®06/046314
A(pixel) is calculated. For exanple, for target pixel
32a, the average value A32 = (Pl O +P12 +P14 +P30 +
P32a + P34 + P50 + P52 + P54)/9 is calculated, if al
ei ght nei ghboring pixels were selected in step 203. At
step 205, the cal cul ated value A(pixel), which is, in
this exanple, A32, replaces the original target pixe

val.ye P32a. [0027] The nethod descri bed herein may be
accorf&ﬁ‘ﬂ%eédgbﬂ?y BROAEmEN strali ignget pixel by pyeragingdswith all its like
e] val u are .denoised, the val ues of
color A3iH RS Pl TnBr CotEents el MTonemmnlve teres treshola
pi xel val ues. Thereby, when the nethod descri bed

her ejgp3zand tHIE. Bahues sté%ﬁ‘ib?,;'é %ig%%g%sd%s@%tén modified to

are used to denoi se other pixe
includeppier intagingsdedvige 800R(HICH 5) bf ehdRivienBionY TIRCHF$EEME1100 is exemplary
manner (pixels are denoi sed using values from
of a systew arsng digite] ciecuips feltspuldiovdude imialge senyendévites. SWithout
bei qot,linited to this inplenentation and may be
eng;imitag fel a system ponld induds jaconppiiesisystare, stdhot wistbo camera

S| I fraom ot her . denpi sed pj xels) or .

syt AP LT Sl SUBLSE Sl KELS gy ot imager
systerabe used to denoi se subsequent pixels). [0028] The

nmet hod 200 descri bed above may al so be inplenented and

carried out, as discussed above, on target pixel 32b

and KO85Li abystenma(eo,dor erainiplia kkafiieh sy, dedlerally comprises a

exanpl e, in st EE" 202 the kernel 101b is
central prasessHrg weh(CHBJL1025 such ashia 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 memory 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

10



associ ated kernel 101b is selected for target pixe

32b, the differences in val ues between each of the
wmedoghtmsns ng pi xel s 12, 21, 23, 30, 34, 41, 43pCBBS1006/046314

kernel 101b | ocated around target pixel 32b and the

val ue of target pixel 32b are conpared to a threshold

TH in step 203. The renai ning steps 204, 205 are

carried out as discussed above for the pixels

corresponding to kernel 101b. [0029] The above

descri bed enbodinents may not provide sufficient

cevicf LRFBIA A Aob Ao AR APRIE S b BoopiR g imiteaiy i
t ted aft
s YDA, B S 0 R STROL A

Wi Il renove spurious noise. [0030] The invention is
not limted to the above descri bed enbodi nents. For
exanpl e, a program enbodyi ng the nmet hod may be stored
on a carrier nmediumwhich may include RAM fl oppy

di sk, data transm ssion, conpact disk, etc. and then
be executed by an associ ated processor. For exanple,
the invention may be inplenented as a plug-in for

exi sting software applications or it nmay used on its
own. The inventionis not |limted to the carrier

nmedi uns specified herein and the invention may be

i npl enented using any carrier mediumas known in the
art. [0031] FIG 5 illustrates an exenplary i magi ng
devi ce 300 having an exenplary CMOS pi xel array 240.
Row | ines of the array 240 are sel ectively activated
by a row driver 245 in response to row address decoder
255. A colum driver 260 and

11



col um address decoder 270 are also included in the
i magi ng devi ce 300. The imging device 300 is operated
whoorke7svd m ng and control circuit 250, which PORUS®N&046314

t he address decoders 255, 270. The control circuit 250
al so controls the row and colum driver circuitry 245,
260. [0032] A sanple and hold circuit 261 associ ated
with the colum 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
produced by differential anplifier 262 for each pixe
and is digitized by anal og WIgi tal converter 275
(ADC). The anal og-todigital converter 275 supplies the

\?\Aiw |g ICW f%ﬂﬁ@l&aiﬁl&dsnéaéjﬂ%faﬁ{ﬁf dgquflfch(?g? irrﬁffgge_sc? {m i‘%l%ﬁ’ﬁﬁg atent of the

Unite@rtersser 280 runs a programthat is capabl e of
perform ng the method 200 (FIG 4) on the digitized
signals fromthe pixel array 240. Alternatively,

Jor dcmsthod of andbeingomeisein thémagel cogn PSP thefstépieof:

pi xel array by a hardwired circuit- | ocated between the

anplifi .262 and ADC 275. [0033] The exenplary noi se
fil terosff\i?ﬁq%ﬁ?‘éﬁtpﬁl%?léﬁ fer 2 ksget px@lch col or

separately in Bayer, Red/ Green/Blue (RGB),

rately in (R®B),
(o) | o oY s e B, AR B IR o

nairseundilg saldeatdutgsRel shd ﬁﬂing”@e%l&n‘{@&’ol%? aéﬁgivdetarget pixel;

function of analog and digital gains that may
been applied to anplify the original signal. Only
noi se Iarsachawighlpdring géxef comparing a difference between said first

value and said second value to a threshold value; and

replacing said first value with an average value obtained from said first
value and at all second values from said neighboring pixels which have an

associated difference which is less than or equal to said threshold value based on

a result of said comparing step.

2. The method of claim 1, wherein said first value is one of a red, green, or blue

image signal value.

3. The method of claim 2, wherein said second values are the same type of red,

green, or blue signal value as said first value.

4. The method of claim 1, wherein said first value is one of a luminance or

chrominance image signal value.

12



di spersion (the difference between the average nmaxi num
and m ni num val ue) | ower than a noi se anplitude
wao booesbmshsl (TH) will be averaged and reduced. PCT/US2006/046314
Theref ore, edges having a signal |ower than the
threshold will be averaged and blurred. The
i nventi onacconplishes this by processing a central
target pixel by averaging it with all its like color
nei ghbors that produce a signal difference |ess than
or equal to the set threshold. [0034] FIG 6 shows

ystem 1100 t ypi cal, processor systemnodified to
Faredneti pRdgie® Seielh S8 serpad vojueanetiie same type of
i [ 0, }.S . €eX lary of a system
lummﬁ%fg% Cﬁ?%??@%%‘?%ﬁ?laé Js%‘rﬁiaélrsé gﬂﬁllrﬁg?i ncl ude i mage

sensor devices. Wthout being limting, such a system
could include a conputer system still or video canera
system scanner, machine vision, video phone, and auto
focus system or other imager systens. [0035] System

&1 18be methoskefprimd, veaein sajd tthreshgla és biderd cwapldasesne of an
lod can I al gr,ocessi ng unit (CPU) 1102, such as a
analogap d{iggﬁlk &% that comunicates with an input/output
(1/0 device 1106 over a bus 1104. |nmagi ng devi ce 300
al so communi cates with the CPU 1102 over the bus 1104.
The processor-based system 1100 al so i ncl udes random
access nenory (RAM 1110, and can include renovabl e

7Zmefbe yndthdll, ofstlaiim as wHeasih teraethodM3l iﬁibl@h?é?ited as a recursive
conmmuni cate with the CPU 1102 over the bus 1104. The

methqchagi ng device 300 may be conbined with a processor,
such as a CPU, digital signal processor, or
m croprocessor, wth or without nmenory storage on a
single

8. The method of claim 1, wherein the method is implemented as a non-recursive

method.

9. The method of claim 1, wherein the method is implemented as a partially

recursive method.

10. A method of reducing noise in an image comprising the steps of:
selecting a set of pixels surrounding an identified target pixel;

for each of said surrounding pixels of said set, calculating a respective

difference value between said target pixel and said surrounding pixel;

for each of said surrounding pixels of said set, determining if said

respective difference is at or below a predetermined level; and

13



integrated circuit or on a different chip than the

processor. [0036] Wiile the invention has been
waemcootses] i n detail in connection with exenplBCHUS2006/046314

enbodi nents known at the tine, it should be readily

understood that the invention is not limted to such

di scl osed enbodi nents. Rather, the invention can be

nodi fied to incorporate any nunber of variations,

alterations, substitutions or equival ent arrangenents

not heretofore described, but which are commensurate

W th the s |r1 and scope of the invention. For

exanpl 8 Ung: L ALeragR wdue aea "Wlht‘?tfcﬁ the| target pixelewherein said

d t d t.h
s o e BB SR E erespecive
aditidrenfe vhRR dtrdeHHld)W’sa'.tcT g?&&e b e%%%% the type of

i mgerdevice in which it use e i nvention
is not to be seen as Ilntted by t he fore90|ng
description, but is only limted by the scope of the
appended cl ai ms. CLAIM5S What is clainmed as new and

red arotected by Letters Patent of the
%éhé’ldg‘éf 3im 10, whegeinsaidfirstecalup igoneiof e ried, green, or blue
imagel £?H [Jerising the steps of: obtaining a first value
a target pi xel ; obtaining a respective second
val ue for each nei ghboring pixel surroundi ng said
target pixel and having the same color as said target
pi xel ; for. each nei ghboring pixel, conparing a
di fference between said first value and said second
12y aThe methgdiafradaino L 8, whiersin saitisecond values are the same type of red,

green, or blue signal value as said first value.

13. The method of claim 10, wherein said first value is one of a luminance or

chrominance image signal value.

14. The method of claim 13, wherein said second values are the same type of

luminance or chrominance value as said first value.

15. The method of claim 10, wherein said threshold is based on at least one of an

analog and digital gain.

16. The method of claim 10, wherein the method is implemented as a recursive

method.
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replacing said first value with an average val ue
obtained fromsaid first value and at all second

wQ@ 2000067565 om sai d nei ghbori ng pi xel s whi ch havRCHIS2006/046314
associ ated difference which is less than or equal to
said threshold val ue based on a result of said
conparing step. 2. The nethod of claim1l, wherein said
first value is one of a red, green, or blue inmage
signal value. 3. The nethod of claim2, wherein said
second val ues are the sane type of red, green, or blue

ignal value as said first value. 4. The nethod of
12 &M ‘I‘,eamfg PEFlRtaLI 0 whersin the methad ninplemgented as a non-

Ui or chrom nance image signal value.5. The
ralw%%?k@%%%ﬁ'clain14, wherein said second val ues are the

sane type of | um nance or chrom nance val ue as said

first value. 6. The nmethod of claim1, wherein said

threshold is based on at |east one of an anal og and

di%%éal ain. 7. The nethod of claim1, wherein the

e tihedmietnadipf elaimt kYl wteerain feumetived feimipikmdhted € a partially

nmet hod,  of. claim 1, wherein the nethod is I nplenented
recursive meihadr ecur si ve nethod. 9. The nethod of claim 1,

wherein the nethod is inplemented as a partially

19. 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,
wherein said pixel denoising circuit is configured to perform steps for:
obtaining a first value for a target pixel;

obtaining a respective second value for each neighboring pixel
surrounding said target pixel and having the same color as said target

pixel;

comparing a difference between said first value and said second

value to a threshold value for each neighboring pixel; and

replacing said first value with an average value obtained from said
first value and at all second values from said neighboring pixels which
have an associated difference which is less than or equal to said threshold

value based on a result of said comparing step.
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recursive nmethod. 10. A nethod of reducing noise in an

i mge conprising the steps of: selecting a set of
w@rooele7ssur roundi ng an identified target pixelPCT/U82006/046314

each of said surrounding pixels of said set,

calculating a respective difference val ue between said

target pixel and said surroundi ng pixel; for each of

said surrounding pixels of said set, determning if

said respective difference is at or below a

predeterm ned | evel ; andsubstituting an average val ue

S value for the target pixel, wherein said average
Z(f\?alTﬁg R g‘&"b‘}? %faéilﬁ' g?g@?‘eb?l?éﬁlcgﬁaste%?éﬂe bt QB¢ of a red, green,

or blu8ii¥ s‘f’%{?ﬁ ive difference value at or bel ow said
pregg%er 'négﬁﬁével. 11. The nethod of claim 10,

wherein said first value is one of a red, green, or
bl ue i mage signal value. 12. The nethod of claim11,
wherei n said second val ues are the sane type of red,
green, or blue signal value as said first value. 13.
2IThéhfémasing flevicgighclom Ahewbereis st seaosid walliegaisthe same type
e of a lum nance or chrom nance i mage signal val ue.

fred g 2 fi
Of red, greeqy,ar piug gjgnat value; ag seid figsfevald: sai d second val ues

are the sanme type of |um nance or chrom nance val ue as
said first value. 15. The nethod of claim 10, wherein
said threshold is based on at | east one of an

22. The imaging device of claim 19, wherein said first value is one of a luminance

or chrominance image signal value.

23. The imaging device of claim 22, wherein said second values are the same type

of luminance or chrominance value as said first value.

24. The imaging device of claim 19, wherein said threshold is based on at least one

of an analog and digital gain.
25. The imaging device of claim 19, wherein the steps are implemented recursively.

26. The imaging device of claim 19, wherein the steps are implemented non-

recursively.
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anal og and digital gain. 16. The nmethod of claim 10,

wherein the nethod is inplenented as a recursive
wOoreionoe7sty. The net hod of claim 10, wherein theCTES19061046314

is inplemented as a nonrecursive nethod. 18. The

met hod of claim 10, wherein the method is inplemented

as a partially recursive nethod. 19. An imaging device

conprising: a pixel array conprising a plurality of

pi xel s, each pixel outputting a signal representing an

amount of |ight received; and a pixel denoising

icuit f.or, denoi Si t | east one identified pixel_
zleaﬁg‘ee, "\ﬁﬁé‘%"e?ﬁc ?éff‘dl@g P‘abqreabaftﬁ s{ppgyars ipplamerted partially
: igured to performsteps for: obtaining a first
lfcur%ggﬁégfor a tafget pi xel ; obtaining a respective
second val ue for each neighboring pixel surrounding
said target pixel and having the same color as said
target pixel; conparing a difference between said
first value and said second value to a threshold val ue
28 oArebieAging denioe comppisteg; and repl acing said first
value with an average val ue obtai ned fromsaid

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,
wherein said pixel denoising circuit is configured to perform steps for:
selecting a set of pixels surrounding an identified target pixel;

calculating a respective difference value between said target pixel

and said surrounding pixel for each of said surrounding pixels of said set;

(4

determining if said respective difference is at or below a

predetermined level for each of said surrounding pixels of said set; and

substituting an average value as a value for the target pixel,
wherein said average value is based on said target pixel and each pixel

giving a respective difference value at or below said predetermined level.

29. The imaging device of claim 28, wherein said first value is one of a red, green,

or blue image signal value.
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first value and at all second val ues from said

nei ghbori ng pi xel s which have an associ ated difference
wokiock6ises | ess than or equal to said threshol dPUHUSE06/046314

based on a result of said conparing step.20. The

I magi ng device of claim 19, wherein said first val ue

is one of a red, green, or blue inage signal val ue.

21. The imagi ng device of claim 20, wherein said

second val ues are the sane type of .red, green, or blue

signal value as said first value. 22. The inmaging

ije\iihcel of .cl giem.19 wherein said first value is one of
A IO RAREB SIEVisH Ofrflaun 28, mhegeinssaid spcand valuesgre thesame type

i ' j im22,., Wherein said second val ues
of redé e trplﬁ g)rggr%g%/n%fé Vg*‘uaq ?Pn?%grfgé&?elu@hr om nance val ue as
said first value. 24. The i mging device of claim1l19,
wherein said threshold is based on at | east one of an
anal og and digital gain. 25. The inmagi ng device of
claim 19, wherein the steps are inplenented
3k edBiedmaging degicemfaliing 38 myhdesinaaid firet wilte 19one of a luminance
Ordlmherein t he steps_ are inplenented nonrecursively. 27.
TPHETRBEH BH28E St MAl®: wherein the steps are
i mpl emented partially recursively. 28. An inmagi ng
devi ce conprising: a pixel array conprising a
plurality of pixels, each pixel outputting a signa
representing an amount of |ight received; and
32. The imaging device of claim 31, wherein said second values are the same type

of luminance or chrominance value as said first value.

33. The imaging device of claim 28, wherein said threshold is based on at least one

of an analog and digital gain.

34. The imaging device of claim 28, wherein the steps are implemented recursively.

35. The imaging device of claim 28, wherein the steps are implemented non-

recursively.

36. The imaging device of claim 28, wherein the steps are implemented partially

recursively.
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a pi xel denoising circuit for denoising at |east one
identified pixel value, wherein said pixel denoising
W@ R0e61503 s configured to performsteps for: sPCBUS1006046314

a set of pixels surrounding an identified target
pi xel ; calculating a respective difference val ue
bet ween sai d target pixel and said surroundi ng pixe
for each of said surroundi ng pixels of said set;
determining if said respective difference is at or
bel ow a predeterm ned | evel for each of said

ur youndin I Xxel s of said set; and substituting an

Ve RERCeRIPT Bawingan apspsiated PFREEaTa 3 progeam aanbiiegratd

proceé?érdt deer{e}geeaxzilrlnéeggls based on tS 2 %Seﬂget pi xel and

p|xe givin e value at or
bel ow sai d predetern1ned Ievel 29. The imagi ng device

of cl aldmaa&ng\@@frstaal%@lfgrslt&?et &e is one of a red,
green, or blue inage signal 307 The i magi ng

device of claim?29, wherein said second val ues are the
sane t pbeaining edespactise, second vahiesfograakh vriigltb@sng pixk]
first value. 31. The inmagi ng device of claim 28,
wHarerAding gaid fesgetpikgband g@ﬁ@gafheasamwam@e seid target pixel;
chrom nance i mage signal value. 32. The inaging device
are t

fcl d d val
Cype. of ) st IIBLBRAnE T Sar RARbErrty 8 8hiserediap opvpat said first
VRAKRR andBsaid@cbAB YaliGe ALY 'tl‘ﬁ%sﬁf)lcpjvg%%l aflq Wherein

said threshold is based on at |east
replacing said first value with an average value obtained from said first
value and at all second values from said neighboring pixels which have an

associated difference which is less than or equal to said threshold value based on

a result of said comparing step.

38. The processor.of claim 37, whe_rein said first value is one of a red, green, or blue

image signal value.

39. The processor of claim 38, wherein said second values are the same type of red,

green, or blue signal value as said first value.

40. The processor of claim 37, wherein said first value is one of a luminance or

chrominance image signal value.

19



of an analog and digital gain. 34. The inmagi ng device
of claim 28, wherein the steps are inplenented
wo e@aneisvel y. 35. The i magi ng devi ce of cl ai m R8[/US2006/046314
wherein the steps are inplenmented nonrecursively. 36.
The i magi ng device of claim28, wherein the steps are
i npl emented partially recursively.37. A processor
havi ng an associ ated program said program enabli ng
said processor to denoise an inage by carrying out the
acts of: obtaining a first value for a target pixel;
btai ning a respective second val ue for each
4ﬁeh%%¢ﬁ@§%i@f@iﬂl§h?%ﬁh@t%@ saigl secondgealups aed thermhme type of
. havi he same col.or as_saj.d target pixel; for each
lumm%g.“a %gh??%u%?&c@l valug as gﬂcﬁém& V@ﬁ‘??'e rence between said
first value and said second value to a threshold
val ue; and replacing said first value with an average
val ue obtained fromsaid first value and at all second
val ues from sai d nei ghboring pi xel s which have an
42 s dbei prosessoi fof etadncd’, whhetein saildedaestiold i8bagéliah dt Geast one of an
sai h[efhojd val ue based on a result of said
analog i8Hg! 888y, 38. The processor of claim 37, wherein
said first value is one of a red, green, or blue inmage
signal value. 39. The processor of claim 38, wherein
said second values are the sanme type of red,

43." The processor of claim 37, wherein the program is implemented recursively.

44. The processor of claim 37, wherein the program is implemented non-

recursively.

45. The processor of claim 37, wherein the program is implemented partially

recursively.

46. 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 pixels surrounding an identified target pixel;

for each of said surrounding pixels of said set, calculating a respective

difference value between said target pixel and said surrounding pixel;

for each of said surrounding pixels of said set, determining if said

respective difference is at or below a predetermined level; and
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green, or blue signal value as said first value. 40.

The processor of claim 37, wherein said first value is
wW@e@®7/067565 | um nance or chrom nance i mage si gnaPCT/US2006/046314

val ue. 41. The processor of claim40, wherein said

second val ues are the sanme type of |um nance or

chrom nance val ue as said first value. 42. The

processor of claim 37, wherein said threshold is based

on at | east one of an analog and digital gain. 43. The

processor of claim 37, wherein the programis

I mpl ement recursively. 44. The processor of claim

377 WnBPRTIERE 15 DU AE TSl & YeHG tor bR BER Vel wherein said
4 Al wh Nt [

i %"ﬁ%ﬁg ﬁ’?@‘g&%?&%.[‘f% f&%‘y&rlgl:t%q eIZ ‘Pac@_ra%'fggacilegg%gggvgggIasrespective
naiticin@dy AIRRaR IR WIAH PRedSBHAMPRLAM enabl i ng

sai d processor to denois n 1 nmage by carrying out the

acts of: selecting a set of pixels surrounding an
identified target pixel; for each of said surrounding
pi xel s of said set, calculating a respective

47diﬂ:\er ence val Ee bet ween said target pixel and said
uf PB IR AFERFOp Pk eleim 4Gy, vehamginsaiddfitgt valuedsmaiernf iedslgseen, or blue

: : [ t, determining if said respective difference
1mageiqsgg1§%l ‘garlag'el ow a predeterm ned | evel; andsubstituting

an average value as a value for the target pixel,
wherein said average value is based on said target
pi xel and each pixel giving a respective

48. The processor of claim 48, wherein said second values are the same type of red,

green, or blue signal value as said first value.

49. The processor of claim 46, wherein said first value is one of a luminance or

chrominance image signal value.

50. The processor of claim 49, wherein said second values are the same type of

luminance or chrominance value as said first value.

51. The processor of claim 46, wherein said threshold is based on at least one of an

analog and digital gain.

52. The processor of claim 46, wherein the program is implemented recursively.
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di fference value at or bel ow said predeterm ned |evel.
47. The processor of claim46, wherein said first
WO 2000067585 one of a red, green, or blue image sSPONEE2006/046314
val ue. 48. The processor of claim48, wherein said
second val ues are the sane type of red, green, or blue
signal value as said first value. 49. The processor of
claim46, wherein said first value is one of a
| um nance or chrom nance i mage signal value. 50. The
processor of claim49, wherein said second val ues are
he.same type qf l.um nance or chrom nance_ val ue as
5§’saﬁ&“efl?‘i%?{eg%%élalmflﬁmbeiﬂva e pepgHIM é% nplergented non-
recurdd in said threshold is based on at |east one of an
analog and digital gain. 52. The processor of claim
46, wherein the programis inplenented recursively.53.
The processor of claim46, wherein the programis
i npl enment ed nonrecursively. 54. The processor of claim
46, wherein the Frogran1is i mpl enmented partially
54. e dbieqiosespor B clakme 46, bereire dheiprogmia isiniglemaited RiFtally
for. operating a processor to denoi se an inage
recursi¥elr i sing the acts of: obtaining a first value for a
target pixel; obtaining a respective second val ue for
each nei ghboring pi xe

55. A carrier medium containing a program for operating a processor to denoise an

image comprising the acts of:
obtaining a first value for a target pixel;

obtaining a respective second value for each neighboring pixel

surrounding said target pixel and having the same color as said target pixel;

for each neighboring pixel, comparing a difference between said first

value and said second value to a threshold value; and

replacing said first value with an average value obtained from said first
value and at all second values from said neighboring pixels which have an
associated difference which is less than or equal to said threshold value based on

a result of said comparing step.

56. The carrier medium of claim 55, wherein said first value is one of a red, green,

or blue image signal value.
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surroundi ng said target pixel and having the sane

color as said target pixel; for each nei ghboring
w@eoolog7sednpari ng a di fference between said fiPSL/USHD&I@I6314

and said second value to a threshold val ue; and

replacing said first value with an average val ue

obtained fromsaid first value and at all second

val ues from sai d nei ghbori ng pixels which have an

associ ated difference which is less than or equal to

said threshold val ue based on a result of said

| . 56, Th i di.ym of ¢l aj m 55,
N BIRT dsT PRy o{pfe SPeWiisecdtsaid Pegbndabivs 20k the same type
b | 57 .Th i di um of
of redZ il SRR LHRA IR Bl A10uils o e The sane type

of red, green, or blue signal value as said first

val ue. 58. The carrier medium of claim55, wherein

said first value is one of a | um nance or chrom nance

| mage signal value. 59. The carrier nmediumof claim

58 g Ihgrardenmesigmseidaiin va) whereinsaid éirstavaut ypenebf a luminance

orchrl um nance or C'hrl'l,%gi nﬁl’[r%ce value as said first val ue.

ST NHIE FRGT B8R YPMA of cl ai m 55, wherein said
threshold is based on at |east one of an anal og and
digital gain. 61. The carrier nmedium of claimb55,
wherein the programis inplenented recursively.

59. The carrier medium of claim 58, wherein said second values are the same type

of luminance or chrominance value as said first value.

60. The carrier medium of claim 55, wherein said threshold is based on at least one

of an analog and digital gain.

61. The carrier medium of claim 55, wherein the program is implemented

recursively.

62. The carrier medium of claim 55, wherein the program is implemented non-

recursively.

63. The carrier medium of claim 55, wherein the program is implemented partially

recursively.
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62. The carrier nmedium of claimb55, wherein the

programis inplenented nonrecursively. 63. The carrier
wore@ensed cl ai m 55, wherein the programis i npCEDIR0€0H6314

partially recursively.64. A carrier nmedi um contai ning

a programfor operating a processor to denoi se an

i mage conprising the acts of: selecting a set of

pi xel s surrounding an identified target pixel; for

each of said surrounding pixels of said set,

calculating a respective difference val ue between said

6Léar |er and Sakﬁg surroundi ng pi xel; for each of ‘
Jﬂﬁgﬁ% BN &: P Qgﬁﬁ@éf’f Opgfating @ PAgCessor to denoise an

& fference is at or below a
nnagpregg% ?&? dé/(ﬁevk

and substituting an average val ue
as a value for the target pi xel , wherein said average

val ue belebtisgd sefof phxld ﬁ!ilﬁ@hnﬂiﬂ‘fhn @H‘é’nt@ﬁé&i‘ t g%?gnxeé

giving a respective difference value at or
predeterm ned | evel. 65. The carrier nedlunrof claim
6 4, whiaregashgfisdid pumoundling piselsnésaitl set Jeadculgtifgm, respective

| ue i e gnal value. 66. The carrier medi um of
’:EP ‘r}%g'@rbafwegalsale BrgabPixel aed said setreundimg pipd;

red green or blue signal value as said first

vaI ue. rHi7. ' of clai.m 64, . wher
said f fc?seacﬁltfius ‘éﬂli éﬁ%ne%?ﬁéﬁ i ﬁg 28 5 %quFUerHHﬁdesald
| respectsv@gaiteréatelfs at or below a predetermined level; and

substituting an average value as a value for the target pixel, wherein said
average value is based on said target pixel and each pixel giving a respective

difference value at or below said predetermined level.

65. The carrier medium of claim 64, wherein said first value is one of a red, green,

or blue image signal value.

66. The carrier medium of claim 65, wherein said second values are the same type

of red, green, or blue signal value as said first value.

67. The carrier medium of claim 64, wherein said first value is one of a luminance

or chrominance image signal value.

68. The carrier medium of claim 67, wherein said second values are the same type

of luminance or chrominance value as said first value.
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68. The carrier nmediumof claim67, wherein said

second val ues are the sane type of |um nance or
we@hooonsisece val ue as said first vah -69. The PEF/UE®N6/046314

medi um of claim 64, wherein said threshold is based on

at |l east one of an analog and digital gain. 70. The

carrier nmediumof claim®64, wherein the programis

i npl enented recursively. 71. The carrier medi um of

clai m 64, wherein the programis inplenented

nonrecursively. 72. The carrier nmedium of claim 64,

69‘5"2?&? I§|g¥/11é y{rt%ﬁ?@ﬁ\ag@ élgirﬁ %H,l vev err]et:i%dsari)c‘il rt}tule%Ll)Yd is based on at least one

of an analog and digital gain.

70. The carrier medium of claim 64, wherein the program is implemented

recursively.

71. The carrier medium of claim 64, wherein the program is implemented non-

recursively.

72. The carrier medium of claim 64, wherein the program is implemented partially

recursively.
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