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continues to decline. Most digital still caneras use a
single i mage sensor to capture color information for
each pixel in a color imge. The inage sensor, which
is typically a charge-coupl ed device (CCD) or a

conpl enentary netal oxi de sem conductor (CMOS), is
part of a sensor array that together represent t he

pi xels of a color g IANDE ARS can only
generate i nfor M iSERTWA-ECLDR IR &rE at a given

pi xel . A col or inage, h owever, 1s represented by
conmbi ning three separate rmnochrorratl c images. In

order to display a color imge, all of the red, blue

and green (RGB) col or v%ﬁiﬁﬁ@.ﬂﬂéeded at each pi xel .
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class of estimation and interpolation techniques is called “demosaicing”.

The “Qemdsaicing" term is derived from the fact that a color filter array
(CFA) is used in front of the image sensors, with the CFA being arranged in a
mosaic pattern. This mosaic pattern has only one color value for each of the
pixels in the image. In order to obtain the full-color image, the mosaic pattern
must be “demosaiced”. Thus, demosaicing is the technique of interpolating
back the image captured with a mosaic-pattern CFA, so that a full RGB value
can be associated with every pixel.

More specifically, a single-sensor digital camera captures the image
using an image sensor array that is preceded in the optical path by a CFA. A
highly popular and common mosaic CFA is called the Bayer mosaic pattern.
For each 2x2 set of pixels, two diagonally opposed pixels have green filters,
and the other two pixels have red and blue filters. Since the color green (G)
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(Gcarries nost of the |lum nance information for
humans, its sanpling rate is twice that of the col or
red (R) and the color blue (B). There are nmany types
of denpsai cing techniques currently avail able, such as
bilinear interpolation, nmedian filtering, vector CFA,
gr adi ent - based, and statistical nodeling. However,
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disclosed herein includes processing a digital color image to demosaic the
image in such a way as to reduce image artifacts. The Bayesian two-cotor
image demosaicing method and system employs an image model that models
colors across an edge as a linear combination of the colors on each side.

This decreases the possibility of inducing color fringing. Moreover, the
statistical model used by the Bayesian two-color image demosaicing metﬁod
and system is not grid-based, thus easily allowing for extensions to both multi-
image demosaicing for video processing and non-iterative super-resolution
output sampling. By constraining the output image to a linear model, visible
noise in smooth areas also is reduced while preserving sharp edges.

The Bayesian two-color image demosaicing method and system is an

improvement on and an enhancement of existing demosaicing techniques.
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noi se in snmooth areas also is reduced while preserving
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enhancenent of existing denpsaicing techni ques. The

nmet hod and system perforns a prelimnary denosaicing
pass on an inage to assign each pixel in the imge a
fully specified RG triple color value. The results of
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much contribution each color gives to the final color value. This is achieved
by computing a fractional blended value for each pixel using samples in a
processing region obtained from a Bayer color filter. Next, the maximum
fractional blended value is found by finding the maximum probability of the
fractional blended value given the set of samples. The final color value is

. computed from the maximum fractional blended value and the favored two
" colors.

The Bayesian two-color image demosaicing method and system also
can process multiple images to improve the demosaicing results. The
multiple images first are registered with each other so that they are

aligned. A reference image is selected, and the other images are
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" invention.

DRAWINGS DESCRIPTION

Referring now to the drawings in which like reference numbers

represent corresponding parts throughout:

FIG. 1 is a block diagram illustrating a first exemplary implementation
of the Bayesian two-color image demosaicing method and system disclosed
herein.

FIG. 2 is a block diagram illustrating a second exemplary
implementation of the Bayesian two-color image demosaicing method and
system disclosed herein.

FIG. 3 is a general flow diagram illustrating the general operation of the
Bayesian two-color image demasaicer shown in FIGS. 1 and 2.
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Bayesi an two-col or i mage denosai ci ng net hod and system
di scl osed herein. FIG 3 is a general flow diagram
illustrating the general operation of the Bayesi an

two- col or i mage denpbsai cer shown in FIGS. 1 and 2. FIG
4 is a detailed flow diagramillustrating the further
details of the operation of the Bayesian two-col or
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In the following description of the Bayesian two-color image
demosaicing method and system, reference is made to the accompanying
drawings, which form a part thereof, and in which is shown by way of
illustration a specific example whereby the Bayesian two-color image
demosaicing method and system may be practiced. It is to be understood
that other embodiments may be utilized and structural changes may be made
without departing from the scope of the claimed subject matter.

{. General Overview

FIGS. 1 and 2 are block diagrams illustrating two ~exemplary
implementations of the Bayesian two-color image demosaicing method and
system disclosed herein. It should be noted that FIGS. 1 and 2 are merely
two of several ways in which the Bayesian two-color image demosalcmg
method and system may be implemented and used.

Referring to FIG. 1, in the first exemplary implementation, the Bayesian
two-color image demosaicer 200 resides on a digital camera system 210, In

general, the Bayesian two-color image demosaicer 200 provides
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array 225.

Each pixel in the image sensor array 225 is the output of a red, green
or blue sensor. Thus, the sensor output is an electrical signal from each
sensor that corresponds to a single color value for each pixel in the image
sensor array 225. The output is raw, mosaic-patterned pixel data 260. As
mentioned above, in order to display the full color image, color information for
red, green and blue colors must be obtained at each pixel. This is achieved
by demosaicing, or the interpolating the missing color values in the mosaic-
patterned pixel data 260.

The raw, mosaic-patterned pixel data 260 is sent to a first computing
device 270 located onboard the digital camera system 210. Residing on the
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array 225. Each pixel in the inmage sensor array 225 is
the output of a red, green or blue sensor. Thus, the
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interface, an ace
iSEEN dt@! to Ble wngtmputmg device 295. As detaxled below the

Bayesian two-color image demosaicer 200 uses the Bayesian two-color
image demosaicing method to enhance the pixel data 260 and provides the
enhanced color digital image having reduced image artifacts 290.

. Operational Overview

The operation of the Bayesian two-color image demosaicer 200 and
method used therein shown in FIGS. 1 and 2 now will be discussed. FIG. 3 is
a general flow diagram illustrating the general operation of the Bayesian two-
color image demosaicer 200. In general, the Bayesian two-color image
demosaicing method inputs pixel color values for pixels in an image,

processes each of the pixels, and outputs a processed image that has
reduced image artifacts.
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interface suitable for carrying the raw pi xel data 260
fromthe digital canmera system 210 to the second
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. Operational Details and Working Example

The details of the Bayesian two-color image demosaicing method now
will be discussed. FIG. 4 is a detailed flow diagram illustrating the further
details of the operation of the Bayesian two-color image demosaicing method
shown in FIG. 3. In particular, a preliminary demosaicing pass is performed to
compute the fully-specified RGB triples for each pixel in the digital color image
(box 400). Initially, there is a Bayer pattern for the image, in which there is
only an R, a G, or a B color value for each pixel in the image. The preliminary
demosaicing pass uses a demosaicing technique to obtain an actual full color
(RGB) value at each one of the pixels in a processing region centered at a
pixel being proée'ssed. In one embodiment, the preliminary demosaicing pass

is performed using a bilinear interpolation technique. In aiternative
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processed. The output is a final color value that is
found for each of the pixels in the digital color

i mge (box 320). HI. Qperational Details and Wrking
Exanpl e The details of the Bayesi an two-col or image
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teérn I mage whi there is on\é
Rpteai tGat the tactigee gratudl givoitop be%tdﬂpwa %!%q’ Viekis;thg bebt Slitput

BI4E Bal Qﬁa%ﬁb'c@d?%)é?é@@%@b@i@n@m uses a

nosal |ng techni que To obtain an actual full color
(RGB) value at each one of the pixels in a processing

r eg' S'Nes}?t%t &ksl% %b!e%téli ﬁéebrdzgssigg pihddsdefted hs agecessed
odi men prelimn enosa
ot oladn i iR pioBa e RoseReiLp e B RRned ase
Yrb&tsRg r\égﬁimtbdklmn%STh@bhm"essiy\geegloh (pr éwmdmw’aoy patch’
a ni
el A i piRg e A HEE B skeY A oSk, 3 one
ginwbcﬁménbatsedatcecmze gLoet, smi’dtl'@t Hte gpp@@echmu@ is ﬁgntered

ues. e
eS%r e ﬁ%nﬁ%}ﬁﬁ ll}&%zw;%e éé(gﬁf;ﬁ%ﬂﬂ‘gﬂ@@ﬁgﬁ@é%m r%gmns the
tmategsled divesd wiLdplibe thetentet pixgli afdhe Bs5 Batah. i nput al so
yi el ds the best output by the BayeS| an two-col or i mge

denosai ci ng net hod. Next, a pixel is selected for
pr ocedsvogechived telotsethen @te semauindderthedrroppsaad pixel (box

120) ngﬁ% |s%cwé9'eeQJsﬁ'ngME‘?uﬁW@péHm@B%QleéQif glah pixel in

as ‘& processing region A | OB
pthacpe@@Sﬁgwgrr@glcwh ReexXplaing dﬂ\ﬂefaﬂ bebM dheyu Wy?ﬂer?éﬂ%dﬁ
'tﬁgl%s?ff Qérﬁgln RALFA cofdrs MU SR Ebrsra %ﬁJsQér@d into only two

I'n one enbodi nent, the at CB
sfaweplmorﬁhé\ i colos valugi fReihe; %m
the favored two colors and the fully-specified RGB triples (box 430). The

process of selecting a pixel, defining a processing region, computing the
favored two colors, and computer a final color value all are repeated for the
remainder of the pixels in the digital color image (box 440). The output of the
Bayesian two-color image demosaicing method is an enhanced digital color

|s cgmpu{jed using

image having reduced image artifacts (box 450).

FIG. 5 is a flow diagram illustrating the favored two color computation
process. In other words, FIG. 5 illustrates how the favored two colors are
found from among the color values of pixels in the processing regions. The
process begins by performing an initial clustering of the fully-specified RGB
triples for each pixel in the processing region (box 500). Assuming that the



in the processing region. By way of exanple, in a 5x5
processi ng regi ons, the processed pi xel would be the
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are conmputed for the processed pixel (box 420). This

is achieved using the fully-specified RG triples of
each pixel in the processing region. As explained in
detail below, the fully-specified RG triples may
contain several colors, but those colors are clustered
into only two favored colors. A final color value for
hecdeingasgied i$)'5xslpm'eﬁs mmpuale@ltmﬁmmgwetfaeorfeai\mmemblmmmom

RSB 28 Sl Bl pRRE S pFheRSRgrEbR® and BRdLE'BEke 25
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color I mage
(leoauskigi)its afﬁeleogy pThe olf" in e Bm@méﬁcmm% &efers fonthge
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havi ng e arti cts box 450) FIG 5 1is
ft¢<aiwwmealgraabﬁlam%@@wﬁeinr@fcuwéyfaévoﬁp@& { whedsmsans Justering

Qmmgﬁ ub%zmrﬁﬁﬁ%y tHd%eq{ale NI #Bhe BHGand will not be
[lustrates how the favored two colors are found from

shgsngseh B ugher deta)ly &y allernpliveembpdingits AeRegtaHpn
rrﬁébhﬁ’w%tmﬂ' lhemy tesRsuPETBAN BIifeEhmgne Rgussy.i ni ti al
clustering of the fully-specified R&®B triples for each

pi xel in the processing region (box 500). Assum ng

t hat l'ﬂherb"r@C;ﬁ‘&Bieﬁrg Hoagsven with theSk-pieans secHnimpueay dathait an
wo_col.or fr or

Bl b ris b SR SThE Pt AR R M) Bt PR

A56cated €ar fromh tressrashbbth daataersjatnmicair@str‘bhtlgn eane@e data

an ener.all Wale? | st
TR pSbEbcAlad drBiiRbed thek BRI ANE caldh Blers
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.Ixﬁau WHe Bufﬁter Fégé‘cﬂo%rte&t"mgﬁe YhE Litiiek Pegé{?ﬁo% RARiqul TP used

-means c tering te que 1s a ance between
docnininvge tedlin§percs ofidligrs na@athg fayaied &v9 £glore s G-
is well known by those having skill in the art, and
wi Il not be discussed in further detail.

al t er A faroreAtwa; GakeE shemaressqrarytas ibdrvpdlagf‘g the clustering of
the fully-specified RGB triples for each pixel in the processing region by using

the outlier rejection results (box 520). The processing then is repeated for the
remainder of the pixels in the digital color image (box 530). Favored two

colors for each pixel then are obtained for each pixel in the image.

FIG. 6 is a flow diagram illustrating details of the final color value
computation process. The process begins by defining a fractional blended
value for the proceésed pixel that specifies the contribution of each of the
favored two colors to the final color value (box 600). Thus, the fractional
blended value determines how much contribution the final color value of the
pixel gets from each of the favored two colors.
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maxi m zation (EM techni que or nmean shift technique is
used. The one problem however, with the k-neans

wo edhsgue, is that an outlier can adversely aP¢BPUB20071€01982

results. An outlier is a data point that is |ocated
far fromthe rest of the data. A statistical

di stribution expects data points to fall within a
speci fic range, and those that do not are called
outliers. In order to correct for outliers, the
favored two col or conputati on process includes an
out | i & meejrewmifastioraltenpies! valbe theut is ideternegest fdrdine

t 1.

Op%s{%as%ge%;ﬁeﬁt(ﬁé@@ 8 rféndemnlgkm gfrsgt.% :%%dqfa{%e is defined
fap@ plefdiakeortiinttion aidhe favered iy celaruipatipwimiags 1ahe
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t he processing region by using the out
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r val u ut.ati roce
et orasibing° Eﬁ%&%tﬁ?ﬁ@?w'% ik Bl SR nsepl s g the
flmst t\fﬂ@CpIDtE:khﬁSexblpunﬁb]l? ptd:]tais:soemeﬁ.l EBetﬂn&‘it two %olo;shmeans
t vQr t colors to
AR Bl Inchfiifke e R the MRRUR! G g HeSe) of
Hoatiea (&)agrw beloer. rireearghoax imible \ahe of dgiveorargiveent for
if1Eh 1Pb Qlie ¥h WA/ A ol dib BhaiflE S LAMLAAT LT L he
avored two co ende

Ximumractiona val ue
then is determ ned for t he processed pixel (box 610).

Th i .
Bl ond op Hoal nareoneh i bR 8L U8 ArBot SedIBtetRy the
HAYe'RAAwe cgloss apalie Mmaxireemifrastippaldiieniirg value flot620). This

Vital B0l AN de RAEAY 18th e uétldny(ﬁe%hfae?&v R‘ﬁﬁF%wées i n
t he %ﬂces& ng re ion. This involves possibly | ooking

fRSPC f@*ﬁﬁ%ﬁ’ﬁ%ﬁ% he semagdsr §f ﬂ"@rmxwéhther%ﬁ@j cglgr

tifage i 8kddr $o bftairt 8 fREECHIB! CdILO RS BicK e tﬁé‘Slx%x('bB‘;é B20).
val ue. For exanple, imagine trying three colors, J ,

K, and L, and trying all combinations of J, K and L,
and seégongerwhintdie 9B WhdeestahB ehe Bayesian two-color image

demosaicing method and system discliosed herein, the operational details of
an exemplary working example are presented. It should be noted that this
working example is only one way in which the Bayesian two-color image
demosaicing method and system may be implemented.

A central assumption to processing by the Bayesian two-color image
demosaicing method and system is that at most two representative colors
exist within a local neighborhood. The final color value of every pixel within
that neighborhood is either one of the representative colors oris a
combination of bath. In this working example, the combination of the
representative colors was a linear combination. Although this assumption
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hi ghest probability. Thus, out of all the colors, the
favored two colors are the best two col ors that

wephagesie he processed pixel. The "best” two cPCDUS2007/001982

means the two colors that nmaxi m zes the argunent of
t he maxi mum (or "arg max") of equation (3) given
bel ow. The arg nmax is the value of a given argunent
for which the value of a given expression attains its
maxi mum val ue. A final color value then is conputed
for the processed pixel using the favored two col ors
and Vidiatedax anean Wheretmonathab [ten diiftereal eptorsisosetc 20gh

I [ t
SR Trers SR i ol e, TR, B SRR e
demsa@mg rofthodeansi ystamiimvengoligi t al col or i mage in
order to obtain a final color value for each of the
pi xel s (box 630). In order to nore fully understand
the BAQEHSGAVEE s WKleHyINDtWgEOlRIBRes! @t ﬁac'ﬂ@t%d &nd
ﬁ¥%ﬁ1§m%o§i®&mdh@réﬁcﬁ pikdl SvPauSteFNiato %&@lt\k@ cofor&n
exeg‘a wor ki ng, exanpl e are Eres nt ed. It shogNd be
Abe Y@ﬁﬁt‘a%P?W% aingp raaE! SAMP BB YRY Wi

WRkEdwh R@@W;ﬂé b@l@r tlmes‘ @h@ran uregewhasesdihg |ongffnwnhtxd
emented., A central,,assu

d
T e G e TN e T e A T
WHshmédaﬁ dvrsg’rstr@welghit ibathe atvermesEutligeanajistesenfram each

c % iﬂg)r s {Pg |8 st 8¥\ér t iy ik Re fé‘erjngf: %oﬁqhgpgﬁﬁt@FQQes EE% n%@@énced

i Xel
ebteheinglernixel fdetdikin mmtbsrwmeasmeth:@@@r@"me presgrved. Also,

%%érﬂ%t ¢ o® ehﬁn‘rﬁbd Ibthdi SoldoskddRe. &Y Eop bP&Yz but

ion 0 presentative col ors was a | i near
Eopdsissing iDihes spaseg hmactﬁ kit diffeipreainias agrdiasy &f then
RS sWhere nore than two different colors neet, such
occurrences were rel atively rare. Thus, the BayeS| an
two-col or i mage denosaici ng nmet hod and systemis very

r 0bUS trne TRIGHIRFRYGT sikb 8f HARBIds\th RMLstéOs %thﬁéhd'm@’ﬁiovatarge
eaché{él xel ,” the nei ghbor hood surroundi nglgeacg}{ﬁ

tallscanpear it herRyse Masee dndhis wor pixel
REGVE GRSLIRIMNE I@rSéIPgLente PAaB eburicRIsPl 6k \h@!a\fl’tﬁis supplied a

sufficient number of samples from each of the Bayer color channels.

Because it is possible that more than two colors may exist in a local
image
area or that significant noise may be present, the Bayesian two-color image
demosaicing method and system also used an outlier rejection technique.
Using the mean and variance of the clusters, samples that were outside of a
single standard deviation of their closest cluster mean were rejected. The k-
means technique then was repeated to obtain cleaner cluster means. This
provided better reproduction where color values changed rapidly away from

the kernel center.

12
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in which the weight is the inverse Euclidean distance
fromeach sanple to the center of the kernel. Note
that cluster sizes are not bal anced, so a single pixel
detail in an otherwi se snooth area can be preserved.
Al so, clustering can be perfornmed in other col or
spaces, such as Lab or XYZ, but processing in these
spacesThedor facloe irdﬁhbfcmamy(m diustérirey Bdbel macmeasz at he

({3 |
RPehry pHSE BN B0 BUE 84 PR B3P R ¢ he
seemesaitingde make mlh$tsr ﬁm@tfhchagleewmﬂu@h raamy\b/ppsmlprehmmary

r ﬁé’éé@erﬁéé&i&ﬂg&%@vﬁzﬁf&%ﬂ( Be Q@Q%ﬁ? 2d a%#éUg)ah%eFr&are

wel | . This supp I'cien er 0
f foHtieadtptdmPidve mRifrsmages ol he rﬁlaﬁn% pPeeseBatiguse dccentsation

p@ﬁﬁ hipFreql&ady #BiRed NFBANGLEOL RISad BN &Y tﬁ{ereagﬁ‘on and

e area or that significant nors

p'inga@ﬁ‘t'" PRIatRR BayeA terenes telow-pasrfiltRrnybisheiheyld be
natd‘aéﬂ anwemﬁsn)e ) r&mngsreéi ROV i fréfdeﬁﬁcﬁésoélre prone to

chni an and vari ance
SRR e b lg aviA eaie0 10 4 WeEKigs Sxagy &hioh-quality
Sltmlad aﬁelrpdmtlbat(HmlpfetchﬁﬁUé v@st‘s%‘éit tin chélﬁﬁe@ihlﬁ?@ adgre
ns_tec en was repeateé
(FfGng PRER SR BestsFaliG Foiencioandele pet gaerate

riepnytfingingartifdeds.e col or val ues changed rapidly away
fromthe kernel center.The major factor in the quality
of clustering |s the choice of a prellnlnary pass

| que used for the "bootstrapping”
denpsaicing to nake clustering tractable. Al though

many tTees/oodol@rebiei prevised 846 Rdmrpﬁ@fisci haarde dlnigeash

st ed ve there are qualities
ﬁ)\g%‘ Qﬁﬂpﬁ%\%é%erﬁ% et oqﬁ‘%e' iy a?%‘"b?‘%?e‘?%ét“ﬂ@ﬁ" or
Rogdnnatn thasetwhicglors, ighgmancy feat ures. Techni ques

such as bilinear int %pol at i on a.nd

Equation (1) is a blending equation, and computes the final color value, C, for
the pixel x. '

Within a neighborhood of the pixet x , the Bayer sensor gives a set of
samples s;e S. The index of the RGB color channel specified by sample s; is
denoted by £, and a is the fractional blended value.

if S specifies the by #th color channel for color J . and simitarly

for K and C, then the unknown value of the fractional blended value, a,
could be computed directly from the Bayer sample s, at location x (the
central pixel) as:
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medi an i nterpol ati on have a tendency to | ow pass
filter, which should be avoided. Alternately,

w@b@onseshrs t hat preserve high frequenci es ar ePQF/OR®OT/001982

generate edge fringing and aliasing. In this working
exanple, a high-quality linear interpolation (HQI)
techni que was used in the prelimnary pass denbsai cing
because it preserved high frequencies and did not
generate many fringing artifacts. Two-Col or

Denpsai cing The two col or nodel provides two RGB
priors, and t for each p|§el xnln the i mage. The col or
C of pixel x was assuned—ke—be1%~l|near conbi nation
these two col ors, given ﬁym C‘ko ~a)J CK1)
Equation-(1) is a blending equation, and conputes the
final color value, C for the pixel x. Wthin a

nei ghbor hood of the pixel ﬁz, thf-Bayer sensor gives a
SRiweder Sotip| ditfergnce bStwelne” fxnghek K35, ig sreaRGBe astinrate of a will

(2)

SRR e Sl R gl ol NEE Bt ol al ™

telfmmédnyt df IS foolsp wheha rfoed 5k6 pramiseng, regn@ssn nanpes frpnt ©125,

%pgh gwaéttheern a‘rQ‘is%E”ﬁw aetrg%n,gj fo? gescﬁg;l %\FRH% {or c?l 18 and

a,”' coul 4%5¢
%a@'eolosa‘»rqﬂeelﬂsﬁ ‘ytthedisaleitoer R, Gt beBlent ral  pi er) as:J
G =-=1C : Jt,. (2) However, if the difference
bet ween t and- is small t he estlmate of awill be

i nacchrmpe whest estimateralc using the enivie sahefesarop'ss S not e
falked IroRBr RbRIE s Absired @ firkh the n\ﬁ\@&rm‘(elyf\fwu@(o'ﬂﬁaxmum

processing regions, / ranges from 1-25, such th

tf%fl@na"%'b@er@@dsfa‘iue)-r‘f'%f o Svel 8 sarip¥e E&F'S @n&'d&r&lr%nors and
cIl%anneI (or color), and

&= arg max P{al|S, J, K).
o (3)

For equation (3), the J and K are the favored two colors. In color space, it

can be imagined that a line is drawn from J fo I{, and that the fractional
blended value a varies from 0 to 1 and beyond. This means thata =0 at

Kand a=1at . Inother words, equation (3) finds the arg max of a that
maximizes the probability of a, given S, where S is the set of all the samples
of colors that are in the processing regions (a 5x5 patch in this working
example). It should be noted that S is only contains samples that are actually
sampled, and not obtained by demosaicing.

Using Bayes' theorem, and assuming J and Kare independent of S
and a, equation (3) can be rearrange to yield:

14
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find the nost likely value (or maxi mumfractiona

bl ended value) of a given a sanple set S and col or
priors J and -B g nta* xP( ali 5 ,"J ,>K ). (3) For
equation (3), the and are the favored two colors. In
col or space, it can be imagined that a line-is drawn
fromto , and that the fractional blended value a

varies fromO to 1 and beyond. Thlsp st 0
at - and a = 1 at . A{elbed, —gﬁm—mnds
the arg nmax of a that maX|mzes t he prob )ty of a, (4)

given S, where Sis the set of all the sanples of
colors that are in the processing regions (a 5x5 patch
i Asquning wilisk$ age exdepphdgnt, itis fohodl d be noted that Sis
only contains sanples that are actually sanpl ed, and
not- obt ai ned by denosai ci ng. Using Bayes' theorem and

assum ng and are g dent of m v quat Ean (3)
can be rearrange t@qggj’ ‘?U@sgﬁ‘rﬁ ng‘t% )grj(?3
i ndependent, it is found: (5) , - , %and a specify a (5)

predicted color, (I - ) J -1-/ vfor pjx e | X
Assuning an i ndependent identi cal distribution

(7. 1R9a0S QL REhPOBOL g col or oisery LheyRLARRhLe,,

bet weke usi n
d%ssiturmnbgnanomepmdant nden(cﬁa)l dcsmmmubas(i.ma‘opnenbabomg yolor
usi ng a Gaussi an. ré‘lge col or conputed given an a.
Trtmsejutse rélBtidrisbip batfveea hedrghdyean b rpbdeles Usigh 8bhival
OCH&% i'.) but for conputational efficiency, a Gaussian

[ uql on i s assuned. The variance s-2 is dependent
on two factors: (1) the gl obal per-channel

- = (s: — CE)2
P(s;la, J, K) o exp (———-———a-(—f—tz—t——— : o

Equation (6) computes the probability using a Gaussian. C* is the color
computed given an a. The distribution between neighboring pixels is highiy
kurtotic, but for computational efficiency, a Gaussian distribution is assumed.
The variance o/ is dependent on two factors: (1) the global per-channel
image noise oy; and, (2) the pixel distance between x and s;. It is assumed
that pixel colors are locally similar, and less similar farther away. Thus, the

Cf
variance between s; and % increases as their distance in image space

increases. In one embodiment, the variance o;is computed as:

o; = on {1+ 24,), e

where 44 is the pixel distance between x and s;, and A is a constant that, in
this working example, is empirically set to 6. Thus, equation (7) states that
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i mage noise N\ and, (2) the pixel distance between x
and s,-. It is assuned that pixel colors are locally

W@ 2071089519 and | ess simlar farther away. Thus, PCTES10027/001982

variance between s,- and increases as their distance
I n imge space increases. |In one enbodi nent, the
variance s, is conputed as: (7) where D is the pixel
di stance between x and s,-, and | is a constant that,
in this working exanple, is enpirically set to 6.
Thus, equation (7) states thatthe variance increases
tHe’mralny:e uvhdrhasﬁssltr@adg wiithodistahee frent the qeintes] pixelthe
roce X P t
Brrogg% &lngp etgjl t)\ep ell1 A tec!re)é\g«%r dfrﬂhé Eﬁac%gglhﬁtre&font Er‘?r
armmatwa eranbbyhrmemiﬁ euberngoﬁgmmqaﬂvu sﬂma%ﬂ@f\m@énmi/dvétance
g q gy width of the Gaussian, or the variance, s2,
I ndi cat es how nmuch influence a particular sanple has
on the final result. Another way to think about it is

that e widthh® 16 Ghakahy, @thé%néﬁé@'cﬁ mbfcalé&!ﬁ@mn%ch
uncertai nty about .a sa

Ilgace RefiLHr Sa5is PaR e S Bl chrbies ey Toin Tk

tbstitat |ls&h§ﬁf tsethatc;értahwéf tﬁe%amlil@ tfithereG@uUBGérdaintyi 4bout a
have a.n uation

APl 1 GURSEHIARLE Adpievuiclh sy 08 NP S
Coeveasnsf erd id diEi"(aihtSta@bO'ea Saowpid, e euasassed Hae a

center round mhl h the processing region is
E‘@HP‘é’r\’gaﬁ" @ﬁsmaﬁ rar'\?B?%lsc pixels that are closer to

the center pixel are nore desirable and have a hi gher

wei ghEgr n—{)ﬂ% ur?ct%ﬂtrthétnsfqgtesttnft thg%ﬁrlé%é M%F@{seg\‘@{h

pi xel nal ul't
ﬂmdlatameéa‘mm the processaskonicentereixeli arcandaviie the he

%%He@gmﬁ'réﬁi‘on @}fgﬁt@?ecf ut'ﬂcéth&nwor@s ?g)d#mhét ér’c—ﬂﬁ@éerttﬁ the

unct the Tormof equation was used
wenier hiyebrenpioEs detirdle eppbaven mgnﬁftvveaa@t ATt the fﬁPLﬁ
LBRaY&, i R limbanst MhdtdixMY saRipledhad 60 tREfinfedsult. Thus,

the variance should increase with the distance from the center pixel, by some

function. Although a linear function in the form of equation (7) was used in

this working example, other types of functions that state the variance in a
similar way could alsao be used.

Since the value of s; is known and it is desired to compute the value of
o that maximizes equation (6), it is useful to rearrange it as follows:

.~ v. -S,i—jz.[ 2
¢ = (L = a)y, + aK,))? (CY‘“K,.—-J.)
SERCEIER TR T (s =0
(o)
2\ R, — o

. . . . . of .
Equation (8) is a Gaussian over a with mean a; and variance ~ @i
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Since the value of S/ is known and it is desired to
conpute the value of a that nmaxi m zes equation (6), it
exp (8)PEqUsL0TON1982
(8) is a Gaussian over s with nmean a,- and variance s2
"1t is actually desired to solve for a, so we

rearrange the equations to get equation (10). In

particul ar, equations (5)and (8) can be conbined to
yield: J J (10) The optimal value of a for a > Ois:

(11) In practice, the contribution of color conponents
is ignored where the gﬁsolpte di fference between | 2*

and - is less thap=2. 991V b9 £q aJ_L_dﬁsg_l )

and ( 11), the /s, anbiztheJs] s need to\le,feund, ) 9
where the O 2 s are the variances associated with ©)
each of the sanples. The optimal fractional blended

Vl@|s”é-’otu£f§( desﬁrQ@ o sV %%JP&I'sd’Wé ?@ar‘rihed A n;ﬁ‘&daﬁ?hs % get

value a* 'then is used to co

vefuason A1Q) i lgmartraten ?9Ua®nisrf‘éwé'd8f 62N b comkinedbto yiald:
is not 0 or 1. Consequently, in one enbodinent, a has
a value of 0, while in an alternative enbodlnent a

has a value of 1 nat ifon (bs—nag ®s to
which a (0, 1, o?(§ )ijg er??f@ é”sr‘gaﬂa—f;r
equation (5). In ot her wor ds, aquatlo (5) 1%

eval uated with €8@h of these three a's to determ ne

whi ch a gives the highest answer. For equation (10),
the cr/s and the sal/s then are conputed. The cij's are

conput edusi ng equat i yen the sanple s/,
ebftratht B'Pla‘("@ju%%n%fﬁrespst’% agl i®f a In other words,

ais what the sanple si says that a i should be. In
equation (10), a product of the ai's is used. If a
Gaussian is nulti Q| [ eEp&f@, @aussi an, anot her Gaussi an
i s obtained. ThePvafFue eak of the Gaussian all
t he et

(11)

In practice, the contribution of color components is ignored where the

absolute difference between /. t: and Kg{ is less than 2.0.

When solving equations (10) and (11), the aj's, and'the oi's need to be
found, where the o®’s are the variances associated with each of the samples.
The optimal fractional blended value, o*, then is found, which is the optimal a
value. a*then is used to compute the final color value. A slight penalty is
imposed for an a value that is not 0 or 1. Consequently, in one embodiment,
a has a value of 0, while in an alternative embodiment, a has a value of 1.

Next, a determination is made as to which a (0, 1, or a*) yields the
highest value for equation (5). In other words, equation (5) is evaluated with
each of these three a's to determine which a gives the highest answer. For
equation (10), the a/s and the g,/s then are computed. The ajs are computed
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Gaussi ans of the each of the 25 sanples are nmultiplied
together is represented by the c-i*, given by equation

W@ 2001)p8951¢ can be shown that the nean of the prPOTiUS100D601982
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all the Gaussians is going to be equation (1 1), which
is a weighted averaging. Finally, to find the val ue of
in equation (3), a prior nust be defined over a. P(0).
G ven that nost pixels within an i nage only get
contribution froma single color, a is biased to have
avalue of Oor 1: () =r 1 : : b o ,tfhertwi 1}
(uf]s&)g stfuatien (9. SGiakndlys shapte $;hequatio( (Fxdimpdtee thalalee of a
depends . e _ i Sj .
3 olte? HRFE S B O B s TR Rb8Ga By, [fbayation
410y, beroduntof Henaisss fusad. Wia Gaussian pulisipled byiayGenesian,
\/a%logr]eer @au%gu*éﬂgé %%aﬁﬁ%&t THhO V&G RPY Sedk ﬁ@%&s’%iéﬁ%ﬂﬁxe
t'0 "be” exam ned. I chever is the maximumis asslgne
aCs@QSIsarTBiQﬁmej ea¢m_@f ther25 samples ere peitijed tegeiBarig, with
geﬁégéﬁée%d{hg %;*gp?@%b b&%dé’fag@ﬁ (T1)2 It can b& sholA%hat the mean

uantirtative err L 5 approach can be further
o thecpreductnf dlidhe i Gryssiansiegoingrte &g, eqsrtipn Eatvhigh is a

Ulightbd BVERIgigP be the value originally captured by
the sensor, while setting the other two channels to be

consistent with or.

Finally, to find the value of G in equation (3), a prior must be defined
over a. P(a). Given that most pixels within an image only get contribution
from a single color, a is biased to have a value of 0 or 1:

”‘.1 (Jl@{o;l}
Pa) = {"? otherwise

(12)

where n is always less than 1 (n<1). The value of 7 depends upon the
amount of smoothing desired. Given a large amount of image noise, n=1.

Since the a prior function is flat with two impulses, only the value of
equation (3)at three points:0,1,and a * needs to be examined. Whichever is
the maximum is assigned as the final value & for the pixel being processed,
with a

corresponding pixel color of (1 - &)J + &K

The quantitative error of this approach can be further decreased by
forcing
the red, green, or blue at an output pixel to be the value originally captured by
the sensor, while setting the other two channels to be consistent with .
Because A weights the central sample heavily, it is unlikely that these two
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Because | weights the central sanple heavily, it is
unl i kely that these twovalues wll be very different.

W@E\b®a/089519 t he out put sanpling is done on a griBCT/US2007/001982
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differing fromthe input grid, a source Bayer sanple
is not avail able at each pixel. Milti-I|nmae

Denpsai cing Using the gridless Bayesian sol ution,
information frommultiple imges can be introduced
into the nodel without significantly altering the

met hodol ogy. These supporting inmages are assunmed to be
ghities ill b? Uéwawﬁer?nacAlsp, if e satpet sauplngis danemn a grid
subsequent  vi.deo, fr '

ipand S e B o Hiuals oG Tl i AR Rdle e th
psel.supporting i mages, a per-inmage projective mapping
must be conputed to register each inmage to the first

i mge. The Bayesi an two-col or inage denosaicing nethod

dhdti-tysge Pemosaigng sanpl es from nul tiple images, as
! ongwsﬁi% lﬁﬂ}}ﬂ}é B%SE%Hy%%%rneéblutB%QIr%rﬂﬁétm fidi mLﬁ[ﬁQESmages

allo e 1 mages of a scene_ to Pe q
tceg deHelroduredratp tbﬁrﬁ“‘l?fée‘ y4thgut sigpidgantly %!%é'ﬁ‘g ﬁ% i mage

a@cggéligg \‘f\gﬁ%sgé’séﬂ;%brﬁ% lrg’ﬁge@ar@r&sedmbheﬁ &@@mgéﬁf‘l@ut not

e denopsai ci hg et
cubbt e s EUERGE TOTRSHOSHALHIROTATITS TR TRy, [ese
:rdgela%ﬁa{ Eé@r'bs\éﬁn;ﬂé)s taebe @%ea emegt resgmpliig ¢heamodessieng
en becones circul ar,. an

RPRNG 188RE5 HPraETE BPRCHe Brebeeugs B EabRiEh
Regieter ebbh gaags & thelfestiatageesul ts are obtai ned by
using nore inmages. However, there is a trade-off

bet ween processing tine and quality. In one
enbodlmmayeism tmmd:rﬂor iofagendayessaiged mathgd asd shistenean
ro [ I i
E )73 f?t%arﬂgmﬁ er nat EQ Jeénlégg%%etﬁeggt% t‘e@%ﬁ%‘é@ ﬁé/%létﬁrmg
|thagasge$eldzbwaalyl utwientﬁm@etsroﬂ asseenetarbetaligaed together & they

RSP ﬁws%r WH%n'lﬁé thhgs Brosli &%d&ﬁé@h@ﬁ/ ruﬁ% SiRshted

run mal nt al ni ng suf I cient “sanpl e

ttbe shost erhg aay)esmmtwo cg}pr image démosaicing method and system
selects a reference image and reconstructs the other images relative to the
reference image. The processing region then becomes circular, and samples

are taken within a certain radius of the processed (or center) pixel.

In general, better results are obtained by using more images.
However, there is a trade-off between processing time and quality. In one
embadiment, the number of images used is 3, such that the processing time is
fairly short and the quality is very good. In alternative embodiments, the

number of images used may be more or less than three.

As more images are added, the neighborhood of samples used can be

shrunk while still maintaining sufficient samples to cluster into J and K. By
doing so, the likelihood of it containing more than two representative colors is
reduced. Thus, if an R, G, and B sample'each appear close to the samplé
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doing so, the likelihood of it containing nore than
two representative colors is reduced. Thus, if an R

wW@00a/0805B sanpl e each appear cl ose to the sanpP&bes1097/001982

reconstructed, nearest neighbor interpolation

conbi nati on of Bayer sanples could be used. The notion
of using weighted clustering and reconstruction remain
the sane as with a single input imge. Once

regi stered, even if the same col or channel appears at
the same pixel location, there is still a benefit,
ibaingl necomsireted, mmsitmigrﬁpr imelpothtiog cougpoatianof Bayer

R 548 o o S B
mmoratrcomn refnogindhé saveras wiﬁaagmgleé npuk ngagmn@nae
?‘ @v@ﬁtﬂstheggﬂ{ég@aorl Shdrr@Dhp oshrS AP 4008 pg&qj location,

pear anc Errors 1n registration coul
cﬂ@eraﬂs stilba bebgatle namely. apiserredugtion. s ensured that only
data fromthe reference and supporting inages that are
locally simlar are conbined. Simlarity is neasured

in ydpeledingurgoRing imaers ABRE 53T ?ff'@‘if%ql\%@g paghoy

tisRBbfdeIRY e Tha didtarbr &d@%@;ﬁp.ﬁg Hées ekaﬂa&&ﬂma%r%u
Mul tiple images are han

&QFF%PF?W Qing GamREa. %V'@%Bb@@rsr QW‘%I?Q%?H”&SPB’PQ
?@h}mtens the drlagceraﬁp@?aaa@ s&rwel lib FétfistratRGESOUIS blcnti]dr. Do
- e te +1 i.S the m.smatc
Shiias spon gl Snspfedas bolt ke gt BBRFERES Pad e
suﬁponlftingcmageﬂ ﬁfhtfaf@rc&aupsimiléhere tdrabimedt iSjMahwages
are aligne e al
HifadiedPes SR T Rl pr a0 B BRI EEL 180D
ts@thiquensvtagradioodl wmdny o qual idemofed) as equat i on (13) is
used. The only difference is the last term (1l+te)

The T is a scaling factor. So the last termin
equat iMtigle Ipages stechandled by edjustag thehdefiniieraale tefnclude

3. ﬁé'@ﬁb@@rrbﬁ e‘?ﬁﬁ@%fe?eﬁc!éea@é'ﬁﬁorﬁﬂbel neflear ed
i ar ge. T

erences 1S e termTis how nmuch the sum of
the squared di fferences value is

Oy == ' N(l "}*/\Ad)(l ~+—T€).
(13)

The term (1 +1€) is the mismatch penalty, with 1 =0 .1 in this working example.
£ is the sum of squared differences.

When the multiple images are aligned, the alignment may not be
perfect. To compensate for this, a sum of squares differences is used.
Instead of using equation (7), equation (13) is used. The only difference is the
last term, (1+1€). The Tis a scaling factor. So the last term-in.equation (13),
(1+7€), states that the variance of the Gaussian is increased if the sum of the
squared differences is large.
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weighed. It is determned enpirically. In one
enbodi nent, T equals approximately 0.1 . In
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However, it is inportant that T not be weighed too
heavily. If Tis too large, then information from other
i mges may never be used. If Tis too small, then
informati on from other inmages may be used even if the
i mges are not properly aligned. Thus, a bal ance nust
be found. The term T varies based on the quality of

- the al Thmteemt T ialhgor Muethersunmmfitieereqdared Idifferénmgaevalue is

Bgvg@ﬁag s o8 tdeniiet esgnr{cg i rne@qé émﬁggx%rﬂeq}t neELis
asppraximagely ke abbaléematr\r@wéo@mﬁam (mhen valggsool tmhag be
nQéeeod ﬁ&\%véﬂ“ﬁ |§F?ﬁ%r?§nt'tﬁbt$rﬁ8ewr§%@ﬁ SﬁeZaC\ﬁo? g 715 foo

sanpl es becalse using the origina
nigede. thnn wfgrmatioafnm wgher Supaes R@ymayter ba uardt Metis too

a&ﬁéﬂ“tﬁ@r@1r%rnﬁ£tﬁ)r§ﬁ'é\h'o?ﬁérqﬁ\lageg i ﬂ>ee§§e@9\9érgﬁgﬁb Rhages are
t he Péﬂ%/eSI an two-col or | mge denosai ci n

s ¢y glianeda f\husahaiangedriy Q?afﬁ%% deedemopr V?H@S

I BALHRISA thet dility 6168 aAgnmehBAPblthen.gr i d having a
greater resolution than the original jnages. Because

fl oating-point Euclidean distances are used for the
st at i STo taplemeas unms;m@ge:Mba;waug ypihaeisodeqaired s Adding

S50 P LIRS o bR Eredito s el Py Ui the
emm@evaélages eqndtizhaltshesls Heatated that hiee pamlﬁs inrs afeethe
Okt b s G d AnpiEh b%c%@sﬂa Pﬁ é 8#:%9! sag?;mgg gvg%sf dhae need for

super-resol utiron wt

t - eshewlingnge denvsai ci ng rret hod and system When
super-resolving, the statistical clustering and | ocal
nei ghbor hood si zes can be slightly shrunk to capture
f Purerd@esalution Ox her than that, the Bayesian two-col or

i mage QeiiRsthdatad@Bbihd s%gtléé(l,sbﬁcmé%geafp%rr@ac‘cfé%!e @Ay%sian
two-color image demosaicing method and system is that any sampling grid
can be used for the reconstruction, such as a sampling grid having a greater
resolution than the original images. Because floating-point Euclidean
distances are used for the statistical measures, a continuous value of a can
be generated anywhere in the image. Due to the alignment of safnples from
multiple images, the value of a may encode edgés and sharpness between
the pixels in the original grid. This can be exploited to handle super-resolution
within the framework of the Bayesian two-color image demosaicing method
and system.

When super-resolving, the statistical clustering and locat neighborhood
sizes can be slightly shrunk to capture fine details. Other than that, the
Bayesian two-color image demosaicing method and system operates similarly
as it did in the multi-image demosaicing case.
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as it did in the nmulti-inmage denosaicing case. | V.
Structural Overview The structure of the Bayesian

wWo 708450 | mage denosai cer 200 now wi |l | be di BC/ES®A7/001982
In order to nore fully understand the structure of the
Bayesi an two-col or i mage denosai cer 200, the details
of an exenpl ary enbodi nent are presented. However, it
shoul d be noted that this exenplary enbodinment is only
one of several ways in which the Bayesian two-col or
i mage denosai cer 200 may be inplenented and used. FIG

TVi s Sthictukal Dwegview i | | ustrating the details of the
Ba esi
y S"I'ag ser}%%g?g Wan I é%}g%‘alubé\'fdﬁowwm

-@embmnsaeql morq@r&me@lb{ Lmd@r&tamd thet Yrugtwggd tha\ﬁarygs»an
lc)SFo? Prﬁﬁ Ld 'd@ﬁmdggﬁeﬁ: ngrthﬁfﬁe%ﬁ Jf%rn é@‘?ﬁbl@t‘y’@hbo&lh@ﬁ are

i nal or val ue each 0]] xel as a conbi nati on

5 mmobr Bowgnar, dL&’}Qthsb? n@teﬁrtB%téQ§ QiEgIRiany %Peﬁhment is
| ROShGd N rdl f’%’é&%ﬂﬂ viHidh frrROs SresBpeNid tdat inyagd Mbs&:@er

t he Bayesi an twocol or i nage denosai cer 200 is a pixel
dRPanBohe AnAEAPTed PPY45EEI fi ed RGB data for each
pixel in the digital color imge 280. As explalned

above his d [ bt d.b
s EIS hip HRLE sTad A Wisitant e SrBahs i RaReaian wo-
10 Wbﬁirllrﬁh@@ﬂﬁmﬁﬁm&tmoﬁgow&?ﬁ FiGspeahdr2rdd gesiery, the
i hear ol a
AR b omrdp e R as? AP Ty SRS - e cplorimgoe
thewimgi fqugespesmfyed)BGBsedpr saluhs fg daichipivsdrfinds a final color value

SRR "R BRNESH A BLE o kAT nd R3S e
selardmnagea hpiingl reﬁu@ﬂﬂ aﬁléaqtmgee@bcaj@ Pt testhedBayesian two-

15 %%?d?téﬁ%él‘ieﬂ%dsé ?2@b§5?e>fé“ d'é{éecdrﬁﬁ%g%ﬁy BpOGHRSS REB

e processed pi X ect or picks” one pi xel
atataforieashporel it brecdigital goloa iprge 289; & w@aua@p above, this
dehd Ps,' Jats.ﬂefm}%sk.ﬁé% ;?r%flﬂnm%ﬁy BeRo8siemy ﬁa&sr&gah@nm(a@é In
pat ch) around processed pi xel. Typi cal
et “}?Pkdﬁfe'l‘@'néfy t’ﬁ‘@c’é@ﬁ‘ﬁ‘erpaéfs gﬁ%ﬁﬁ%‘%&%‘ﬁﬂé high-
rcﬁ&'\u@fﬂmelbﬂlr@é}%omﬁdjémgaicﬂ@%cﬁh@@@s ARG ARSIV DR tPpes

20 of deﬁnosalcmg techniques may be used, such as bilinear interpolation.

The Bayesian two-color image demosaicer 200 includes a processed
pixel selector 700, which selects a pixel from the image to be processed.
Eventually all the pixels in the image are processed, but the processed pixel

25 selector 700 picks one pixel at a time for processing. A processing region
definition module 710 defines a processing region (or patch) around the
processed pixel. Typically, the processed pixel is at the center of the
processing region. In one embodiment, the processing region is a 5x5 pixel
area. In alternative embodiments, processing régions having other sizes

30 ' (such as a 3x3 pixel area or a 7x7 pixel area) may be used.

The Bayesian two-color image demosaicer 200 also includes a
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area. In alternative enbodi nents, processing regions
havi ng other sizes (such as a 3x3 pixel area or a 7x7

w@rooglossiea) nmay be used. The Bayesi an two- col PET/URBGE001982

denosai cer 200 al so includes aclustering nodule 720

that determ nes the favored two colors used to define

a final color value for the processed pixel. The
clustering nodul e uses a clustering technique to

cluster the RGB color values fromthe pixels in the
processing region into two clusters. The nmean of each
aflusténing moduleusi0ethat deteoninestthe févaved b colorsaseart  ddfime a
| EIBPELIE Wrind pladBRa08 pHel STRL bl FEIRbALE Ll an

ler rejection terin
Sluséering tegbnignsd &ali crkeaterstheo‘@%rcodqrp@wﬁfr@n de @Meh?gm the

LRSENUSTHE RN iR austgrbe ﬂﬁ%ﬁﬁ? hCfleadRQf %Hesﬂvo 2 glysters

inc udes a contrl t1on and nati on nodul e

thegemesttae fvesed W@Jﬂtﬁa IpronegrAbedimend & knpas ¢lugering

qerHigud ﬁnthl%ﬂd)dtﬂbrtréj%cﬁéﬁ‘ adage@é ggea/ﬁir%ﬁ,stémfb cwmteraﬁénve
the favored two colors to obtain the final color

\Pé‘i‘tlf:éj!'m?ﬁ@ RiGnPerY dysieringhiechoiare MKk PHS8E- each of
the favored two colors by defining a maxi mum
at nmaxi m.zes

f bl end | ue t

pr obalT P A LSS sl s R o AT Gpbigation
saalsqnj!e 7f39tthat'E_fwerl$1aﬁ@¢ E?W&hu@ﬁﬂit @aqnmfsam\»@ﬂe@ @W@ Eolors is
\ rompl xe In [OCESSI r L on.

{178 oL B R B A o RE Rk o SRLP 5l o obtin

bhe fideldcolar] vabiea nthe h'fedfuaa/meaﬁnd the coltdisigioncofeatpuifehe

B35 38 6 M P R o
aoptimires. thd? prebabdity af a\fr@clammjdixlamiaatﬂwaludwgnvéa\aosa&dple\mt
CHeQinRL %E&Sﬁ%ﬁﬂﬁ%‘éa 18 BOBr Lélﬂggrfroﬂ?ﬁgglrs .Bﬁl’.‘a@ Erocessmg

processi ng slan two-co
TeQions Tmép!@@méa 7f36rth@a§ﬁm|blr»e§|th¢ mamumm@@wnahblended

Qb RHMnd ﬁleefgv&%ﬁ%%%ld?é e Eé‘tln{J/E@ e ffn?ﬁ&ﬁopé‘%hg Yor the

reduced e artifacts ary erating

Eﬁ%%‘éﬁﬁ@me TH@O%%@P&WQ%th@cfamreﬁMg@o@@ﬁ@s%il@@arly
29fhAnel. ”ﬁtﬂ@%é{%%rﬁﬂ@duﬁeﬂt@'&% fé%t&ﬁ% ESoPseomHiRed

a conputing environment. | ow ng
in a non-lineaf manner. The processmg by the Bayesian two-color image

demosaicer 200 is repeated for each pixel in the image. The output is an
enhanced digital color image having reduced image artifacts 290.

V. Exemplary Operating Environment

The Bayesian two-color image demosaicer 200 and method used
therein are designed to operate in a computing environment. The following
discussion is intended to provide a brief, general description of a suitable
computing environment in which the Bayesian two-color image demosaicer
and method may be implemented.

FIG. 8 illustrates an example of a suitable computing system
environment in which the Bayesian two-color image demosaicer and method
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nmet hod may be inplenented. FIG 8 illustrates an
exanpl e of a suitable conputing system environnment in
whi ch the Bayesi an two-col or i mage denosai cer and

nmet hodmay be i npl enented. The conputing system

envi ronnent 800 is only one exanple of a suitable
conmputing environnment and is not intended to suggest
ey bé muslamemécﬁsmeacérhpuﬁr@ terh environmehtia0 isooraly iohg

TP BLIOF BRMPHIEY B et A1 F A Lo to suggest
%paﬁd@nsm aert? tiesscopeneniser @l fandtiogatity ainlye ovention. Neither
tion t
SRR gORRPE SR e ol S8 Rilel By @iy oY
dsewesaermcqﬂoraadum@hhobkeiemngﬂe reay icossr Qmmnﬁtmffe@fm%nponents
>}.Js [ G RE e B W%Pghtlﬁp%%/%nrﬂ%fmse conputing

EIRENVI'F Shnen configurations. Exanples of
wel | known conputing systens, environnents, and/or

confi Gy 3é ﬁ%—cé@%n@%e%énﬁ@%&rfa‘?{d Hethodi i bﬁbhﬁlonal

|nd|rect|o texture cation_system and
iwith mer%@totbﬁer&wﬂﬂra'lnw&?@%ﬂﬁpec P%%ﬂe f&é‘h%t“@r%’smm

SEHBAMEARPSH &rfigulfias. hE&dmpie%%f%lmndwbtérﬁpamg)Wﬁems
or conmmuni cati onS devi ces Sﬁ%h as .cel 'l@@ﬂ% es _and

FONIrENMens, ARAE Seatiguraliisihat mﬁmﬁo%f BE g At fhe
Sﬁélt'@.ﬁ@n t&Urd MRghvXESoN Wswhmabémodonauderbut are not

oni cs,
s &r bESanatoaientet sngt br Rg R ISRk Copfilifor mobile
I ctbmhpui?r @rngoB mifnuhhatuahmﬁevlse;ssmmsas:celuwwrmsancaﬂBAfShe :

e Bayesian t

A T, DR O e R SRR b,
qnmgmmnabbeammsabiee elagibnisst m@wgrk BGshminicempuiessn

'an%r%r%e & Qte?g( %%Wi @.geg ¥ofhpbBRy BhGFonrEme rtﬁéﬂ iMelude any of

ram no routines, prograns, objects,
ctbﬂmbnemSﬁted@t@t’ daviqest aneéde e, | that perform
particul ar tasks or inplenent part| cul ar abstract data

types.
The Bayesian two-color image demosaicer and method may be

described in the general context of computer-executable instructions, such as
program modules, being executed by a computer. Generaily, program
modules inciude routines, programs, objects, components, data structures,
etc., that perform particular tasks or implement particular abstract data types.
The Bayesian two-color image demosaicer and method may also be practiced
in distributed computing environments where tasks are performed by remote
processing devices that are linked through a communications network. In a
distributed computing environment, program modules may be located in both
local and remote computer storage media including memory storage devices.
With reference to FIG. 8, an exemplary system for Bayesian two-color image
demosaicer and method includes a general-purpose computing device in the
form of a computer 810 (the first computing device 270 in FIG. 1 and the
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Interconnect pus al’so known as Mezzani ne bus.
The conputer 8 10 typically includes a variety of
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vol atil e and _nonvol atil e renovabl e and non-reno

RO %erﬁﬁplé:ﬁg?ﬁ Agdian gﬂvaﬁrp;&jage media includes volatile and

nonvolatile removable and non-removable media implemented in any method
or technology for storage of information such as computer readable
instructions, data structures, program modules or other data.

Computer storage media includes, but is not limited to, RAM, ROM,
EEPROM, flash memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magne/tic storage devices, or
any other medium which can be used to store the desired information and
which can be accessed by the computer 810. Communication media typically
embodies computer readable instructions, data structures, program modules
or other data in a modulated data signal such as a carrier wave or other
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or technology for storage of information such as
conputer readable instructions, data structures,
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flash nenory or other nenory technol ogy, CD ROV
digital versatile disks (DVD) or other optical disk
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The computer 810 may also include other removable/non-removable,

- volatile/nonvolatile computer storage media. By way of example only, FIG. 8

illustrates a hard disk drive 841 that reads from or writes to non-removable,
nonvolatile magnetic media, a magnetic disk drive 851 that reads from or
writes to a removable, nonvolatile magnetic disk 852, and an optical disk drive
855 that reads from or writes to a removable, nonvolatile optical disk 856 such
as a CD ROM or other optical media.

Other removable/non-removable, volatile/nonvolatile computer storage
media that can be used in the exemplary operating environment include, but
are not limited to, magnetic tape cassettes, flash memory cards, digital
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exanple only, FIG 8 illustrates a hard disk drive 841
that reads fromor wites to non-renpvabl e,

nonvol atil e nmagnetic nedia, a magnetic disk drive 851
that reads fromor wites to a renovabl e, nonvol atile
magneti c di sk 852, and an optical disk drive 855 that
reads fromor wites to a renovable, nonvol atile
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4, application prograns program no
8@6 Comtﬁr%@tﬁmw iapBldeviges sgmm @l keyhaase 867 @anddrainting

hesveed 861, |dokfrh bl fefehati to Ak sBmBLER %b&ﬁ‘@yt&feﬁ pad.
di fferent copies. A user may enter conmand

information into
Other input devices (not shown) may include a microphone, joystick,

game pad, satellite dish, scanner, radio receiver, or a television or broadcast
video receiver, or the like. These and other input devices are often connected
to the processing unit 820 through a user input interface 860 that is coupled to
the system bus 821, but may be connected by other interface and bus
structures, such as, for example, a parallel port,-game port or a universal
serial bus (USB). A monitor 891 or other type of display device is also
connected to the system bus 821 via an interface, such as a video interface
890. In addition to the monitor, computers may also include other peripheral
output devices such as speakers 897 and printer 896, which may be
connected through an output peripheral interface 895.
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i nput devices (not shown) may include a m crophone,
joystick, gane pad, satellite dish, scanner, radio
receiver, or a television or broadcast video receiver,
or the Iike. These and other input devices are often
connected to the processing unit 820 through a user
input interface 860 that is coupled to the system bus
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i ncl udes a nodem 872 or other neans for establishin

cHATandhe reyReteomemary atogege device. By way of example and not

- limitation, FIG. 8 illustrates remote apphcatlon programs 885 as residing on

memory device 881. It will be appreciated that the network connections
shown are exemplary and other means of establishing a communications link

between the computers may be used.

The foregoing Detailed Description has been presented for the
purposes of illustration and description. Many modifications and variations
are possible in light of the above teaching. It is not intended to be exhaustive
or to limit the subject matter described herein to the precise form disclosed.
Although the subject matter has been described in language specific to

_structural features and/or methodological acts, it is to be understood that the
subject matter defined in the appended claims is not necessarily limited to the
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873, such as the Internet. The nodem 872, which may be
internal or external, may be connected to the system
who®78251%i a t he user input interface 860, or PCTEK2007/001982
appropriate nechanism In a networked environnent,
program nodul es depicted relative to the conmputer 810,
or portions thereof, may be stored in the renote
nmenory storage device. By way of exanple, and not
limtation, FiG 8 illustrates renote application
progranms 885 as residing on nenory device 881 . It
wepecifizefeayes or actedietshabect dlsoveet Rathkr, tiom spedifio RsatGleewhd
a Qt a_ .
cacte SRR Ao e T R Bt & e Bt tre
TelaiMarrRiideg et | ed Descri pt| on has been presented
for the purposes of illustration and description. Many
nodi fications and variations are possible in |ight of
5 the above teaching. It is not intended to be
exhaustive or to limt the subject matter descri bed
herein to the precise formdisclosed. Although the
subj ect matter has been described in | anguage specific
to structural features and/or nethodol ogical acts, it
is to be understood that the subject nmatter defined in
t he appended clains is not necessarily limted to .
t hespecific features or acts descri bed above. Rather,
the specific features and acts described above are
di scl osed as exanple fornms of inplenmenting the clains
appended hereto. WHAT [S CLAIMED |I'S: 1. A nethod for
processing a digital color inmage (260), conprising:
obtaining fully-specified RG& triple color values for
each pixel in the digital color inmge (300); and
determning a final color value for each pixel as a
conmbi nation of two colors using the fully-specified
RGB triple color values (310) to obtain an enhanced
digital color imge having reduced image artifacts
(290). 2. The nethod of claim1, further conprising
using a prelimnary pass denosaicing technique to
obtain the fully-specified R&B triple color
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val ues for each pixel (400). 3. The nmethod of claim 2,
further conprising using a high-quality |inear
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the fully-specified RGB triple color values for each
pi xel (280). 4. The nethod of claim1, wherein
determning a final color value (430) further
conprises: finding the two colors for each pixel using
the fully-specified RG triple color values (420); and
designating the two colors as favored two col ors
(420) 5. The nethod of claim4, further conprising
[ S|ng region in the digital color

AQIQQZQAﬁﬁ -a pixel being processed (410),

mhereln the final color value is determned for the

procesgsed Dpxphod ﬁ)?’%}océ‘ésmybednﬁﬁél%rQEa‘élea(Q?bP’co prising'

further congrl SI ng [ usteri anGCO or val ués o I Xe
in the proeeta#ing TWlygiraeifiedt BH@D'P&@W@@'WC’&@P@? @lxel in

l{ﬁé BRita SdIsShRide@obpchid que (500). 7. The method of
claim6, wherein the clusteri ngetechnEJ is a kneans
th‘?&f‘d

clusteri ngd?%'ﬁ‘m'%é finpbeglor walde fg{Lag asra epmpipagon of
fthtcBFéfrs QQIﬂETthé E@@-é&cﬁ@dmauﬁélé%ldr%a&@sl (8A0) to obtain an

arienes fighnuer et meytyres [Radk arbers (I €

furt her conprising determ ning how nuch contribution

caen, bR MRS A Ml b

qasp desiasgictief fechniglue t6 ohtin theafullpbpeciied RGBI &ipldadlor

SRS s b,fga(%,ﬂéxgpﬁto butl on of each of the favored two

colors col or value (600). 11 . The nethod
of claim 10, further conprising determning a

3. The method of claim 2, further comprising using a high-quality
linear interpolation demosaicing technique (220) to obtain the fully-specified
RGB triple color values for each pixel (280).

4. The method of claim 1, wherein determining a final color value
(430) further comprises:
finding the two colors for each pixel using the fully-specified
RGB triple color values (420); and
designating the two colors as favored two colors (420).

5. The method of claim 4, further compﬁsing defining a processing
region in the digital color image centered at a pixel being processed (410),
wherein the final color value is determined for the processed pixel (630).

6. The method of claim 5, further comprising clustering color values

of pixels in the processing region into the favored two colors using a clustering
technique (500).
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maxi mum fracti onal bl ended val ue for the processed
pi xel defined as a blend of the favored two col ors
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val ue given each of the pixel color values in the
processing region (610). 12. The nethod of claim 10,
further conprising using the nmaxi mum fracti onal

bl ended val ue for each pixel and the favored two

colors for each pixel to obtain the final color value
for each of the pixels in the digital color inmage
(620).7. The method of claim &, wherein the clustering technique is a k-

means clustering technigque (720).

8. The method of claim 6, further comprising using an outlier
rejection technique with the clustering technique to improve clustering results
(510).

9. The method of claim 5, further comprising determining how
much contribution each of the favored two colors gives to the final color value
(730).

10.  The method of claim 9, further comprising defining a fractional
blended value that specifies the contribution of each of the favored two colors
to the final color value (600).

11.  The method of claim 10, further comprising determining a
maximum fractional blended value for the processed pixe!l defined as a blend
of the favored two colors that maximizes a probability of the fractioﬁal blended
value given each of the pixel color values in the processing region (610).

12. The method of claim 10, further comprising using the maximum
fractional blended value for each pixel énd the favorgd two colors for each
pixel to obtain the final color value for each of the pixels in the digital color
image (620).
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