METHOD AND APPARATUS PROVI DI NG COLOR | NTERPOLATI ON I N
COLOR FI LTERARRAYS USI NG EDGE DETECTI ON AND CORRECTI ON
waBERNB7§99001] The present invention rel ates toPCT/US2006/048200

denosaci ng for use on an i mage captured by an i nage
sensor. BACKGROUND OF THE | NVENTI ON [ 0002] | mage
sensors, also known as imagers, were devel oped in the
| ate 1960s and early 1970s primarily for television

I mage acqui sition, transm ssion, and display. An

I mager absorbs incident radiation of a particular
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to the absorbed radiation. There are a nunber of
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i ncl udi ng charge coupl ed devices (CCDs), photodi ode

arrays, charge i nADI QORI TEIN CERVIS hybri d focal
pl an arrays, and CMOS i magers. [0003] These imagers
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sen each pi produce nal
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that €l enent when an inmage is focused on the array.
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ot herwi se be used to provide information about the
6PR024 dmaggmgasorm alsprgise as émggarse weggidearlgped in the late 1960s

hot o si stors, photoconductors or .photodi odes. . The
and’ eartly tlg%}; prslmaric'ly £or elevision image acquisition, transmslssmn, and

display. Animager absorbs incident radiation of a particular wavelength (such as
optical photons, x-rays, or the like) and generates an electrical signal corresponding
to the absorbed radiation. There are a number of different types of semiconductor-
based imagers, including charge coupled devices (CCDs), photodiode arrays, charge
injection devices (CIDs), hybrid focal plan arrays, and CMOS imagers.

[0003] These imagers typically consist of an array of pixels containing
photosensors, where each pixel produces a signal corresponding to the intensity of
light impinging on that element v;fhen an image is focused on the array. These
signals may then be stored, for example, to display a corresponding image on a
monitor or otherwise be used to provide information about the optical image. The
photosensors. are typically phototransistors, photoconductors or photodiodes. The
magnitude of the signal produced by each pixel, therefore, is proportional to the

amount of light impinging on the photosensor.

[0004] To allow the photosensors to capture a color image, the photosensors
must be able to separately detect, for example when using a Bayer pattern, red (R)
photons, green (G) photons and blue (B) photons. Accordingly, each pixel must be

sensitive only to one color or spectral band. -For this, a color filter array (CFA) is
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array of repeating red (R), green (G, and blue (B)
coley filter.s causi ng pi xel s underneath the filters to be
red, blue, and green pixels, respectively. In the ‘
Pag0s] Asmsticarn id B0C. 1,atle Bayee pastedtn h0Q&s g oy afrepeating red (R),
arranged so that alternating red and green pixels are
green (&)fandblued) fibere tauging pixsls vadgrndath thefiltess  bered, blue,
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array, and alternating blue and green pixels are on a next row 110. These
alternating rows are repeated throughout the array. Thus, when the image sensor is
read out, line by line, the pixel sequence for the first line reads GRGRGR etc., and
then the alternate line sequence reads BGBGBG etc. This output is called sequential

RGB or sRGB.

[0007] In the Bayer pattern 100, sampling rates for all three basic colors are
adjusted according to the acuity of the human visual system. That is, green color, to
which the human eye is most sensitive and responsive, is .sensed with a larger
number of sensors, whereas blue and red color, for which the human vision has less
resolution, are sensed with a fewer number of sensors. This is why in the Bayer
pattern, the green-sensitive elements occur at every other.array position, while the
red-sensitive elements and the blue-sensitive elements occur at every fourth array

position.
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[0009] For a Bayer pattern filter, values for red, green and blue are necessary for
each pixel. Since each pixel sensor cell is only sensing one color, \;alues for the
rerhaining two colors are calculated by interpolation from the neighboring pixels
that are sensing the missing colors. This color plane interpolation is known as
demosaicing. For example, with reference to FIG. 1, pixel sensor cell 115 is
associated with a green filter, which causes pixel sensor cell 115 to sense green light
aﬁd produce a signal which represents only green light. In o1"der to obtain an
approximation of the amount of red and blue light for pixel sensor cell 115, a value
may be interpolated from the neighboring red pixel sensor cells 120 and 125 and the
neighboring blue pixel sensor cells 130 and 135, respectively. If demosaicing is not

performed correétly, the resulting image may suffer from the inclusion of highly

visible color artifacts.

[0010] The article entitled “Color Plane Interpolation Using Alternating

Projections” published in the IEEE Transactions on Image Processing, Vol. II, No. 9
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interpolated red color value at the center of a pixel would be different than a sensed

red color value for the center of the same pixel.

[0012] Demosaicing methods, which typically only reconstruct the missing color
components, may result in artifacts such as so-called zipper effects and random
color dots. Additionally, there exists a trade off between filtering for noise and the
blurring of sharp edges. Intefpolating a pixel using the surrounding pixel values
tends to blur the image when pixels at an edge are interpolated. Furthermore, this
also leads to a decrease in the sharpness of the image at the edges. This is mainly to
due the averaging of pixels which are across an edge contained within the image.
The demosaicing method averages pixels so that a pixel at .an edge does not have
the sharpness desired of an edge pixel. Accordingly, there is a desire and need for
color plane interpolation that provides improved demosaicing techniques that

detect and account for image edges when calculating interpolation values.



techni ques have their respective advantages and
di sadvant ages. [0011] As described, for each pixel,
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205) and the values for the remaining two colors are
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need for
become more apparent from the detailed description of exemplary embodiments

provided below with reference to the accompanying drawings in which: )
[0015] FIG. 1 is a top-down illustration of a conventional color filter array;

[0016] FIG. 2 is a cross-sectional view of a portion of a pixel array having a color

filter array;

[0017] FIGs. 3A-B are exemplary top views of a five by five pixel kernel used in

an exemplary interpolation scheme of the present invention;
[0018] FIG. 4 is a block diagram of a three by three kernel that is used in

accordance with an exemplary embodiment of the invention;

[0019] FIG. 5 is a block diagram of a CMOS imager integrated circuit (IC) having

a pixel array constructed according to an exemplary embodiment of the invention;

[0020] FIG. 6 is an illustration of a processor system having a CMOS imager

according to the present invention; and
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val ues. BRI EF SUMVARY OF THE | NVENTI ON [ 0013] A net hod

and apparatus for color plane interpolation are
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di fferently dependi ng on an edge direction and whet her

a pixel is at an edge within an inmage. The use of the
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utilizede ahd ahat structural, logical and electrical chénges may be made without

departing from the spirit and scope of the present invention.

[0023] The term “pixel” refers to a picture element unit cell containing a
photosensor and transistors for converting light radiation to an electrical signal. For
purposes of illustratioﬁ, a representative pixel is illustrated in the figures and
description herein and, typically, fabrication of all pixels in an imager will proceed
simulténeously in a similar fashion. The following detailed description is, therefore,
not to be taken in a limiting sense, and the scope of the present invention is defined

by the appended claims.

[0024] It should be understood that reference to a CMOS imager in accordance
with the present invention is made for the sole puri)ose of describing just one
example of the present invention. It should be readily apparent that the present
invention is not limited to CMOS imagers; but also applies to CCD and other
imagers that employ color filters over pixels. Additionally, the current invention is
described using a standard three color Bayer pattern. It should be understood that
the present invention is not limited to the standard three color Bayer pattern but
may be applied to color space;s which use different colors or which use more, or less,

than three colors.



[0019] FIG 5 is a block diagramof a CMOS i mager
integrated circuit (1C having a pixel array
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the invention; [0020] FIG 6 is an illustration of a
processor system having a CMOS i mager according to the
present invention; and[0021] FIG 7 is a flow chart
illustrating the process of one enbodi nent of the
present invention. DETAILED DESCRI PTI ON OF THE
I NVENTI ON [0022] In the follow ng detail ed
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of the remaining two colors (prevalent in prior art systems). -

[0026] As shown in FIGs. 34, 3B for a particular pixel 45 being processed, the
five by five kernel of surrounding pixels is used in the following interpolation
calculations, though in many of the interpolation calculations only pixels in the
three by three kernel are needed. However, other kernel sizes may also be

employed in the invention.

[0027]1 Generally, for each selected pixel, a three by three interpolated kernel,
within the five by five kernel, is first defined and color values for pixel within the
kernel are then calculated. Next, an edge direction is determined. Depending on
the pixel color and the edge' direction, some values of the three by three kernel may
be recalculated. The three by three kernel is then used determine whether an edge
is present for the selected pixel. Then, based on whether an edge is present and the
pixel color final pixel, interpolation values are calculated. Different interpolation
parameters are applied in the interpolation process based on whether a processed

pixel is at an image edge, as well as the sensed color of the pixel.
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three by three kernel is calculated using the actual values of green pixels 25, 34, 36,
45, 47, 54, 56 and 65 illustrated in FIG. 3A. The three by three kernel is calculated

using the following equations: :
g11=Pay; —\\
g12=MEDIAN (P25, P34, Pas, P’36)

g13=Ps;

g21= MEDIAN (Pss, Ps7, Pas, P3s)
§22=P4s; o))
g23= MEDIAN (Pss, Pes, Pss, Ps1);
g31=Psq;

g32= MEDIAN (P, P34, Pss, Ps4); and

§33= Pss, | ——/




resulting fromthe use of sensed values for one of the
colors and interpol ated val ues of the renmaining two
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shown in FIGs. 3A, 3B for a particular pixel 45 being
processed, the five by five kernel of surrounding
pi xels is used in the follow ng interpol ation
cal cul ations, though in many of the interpolation
calculations only pixels in the three by three kernel
are needed. However, other kernel sizes may al so be
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sensedgkeimE; of the pixel.[0028] The interpoljation
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under stEOAEAARN BP0 Pk Bhow chart whi ch
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g23=Ps¢;

g31= MEDIAN (Pss, Pas, Pss, Pes);

g32=Pss; and

£33=MEDIAN (P, Ps7, Pss, Pes). _/

In this exemplary embodiment, the same kernel values are interpolated using

median interpolation of actual sensed values of surrounding green pixels. The three
by three interpolated kernel is green, in this exemplary embodiment, because as
previously noted in a Bayer CFA, the green pixels are most prevalent and influential
in the image. The values of pixels in the three by three kernel gl1, g12, g13, g21,
822, g23, 31, g32, g33, illustrated in FIG. 4, are a calculation of the green values of
the pixels in the three by three kernel illustrated in FIGs. 3A and 3B. The green
kernel will be used during edge detection and in the calculation of the correction

terms. One of ordinary skill in the art would appreciate that other pixel colors may



exenpl ary pixel being processed. Next in step 703 the
three by three kernel surrounding the selected pixe
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55, and 56 in FIG. 3A and 3B). In step 705 it is
det erm ned whet her pixel 45 is a sensed green pixel.
If pixel 45 is green, in step 707 the green val ues for
the three by three kernel are calculated in accordance
wi th equation set (1) bel ow using actual sensed pixel
val ues fromthe pixels wthin the three by three
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hnttsml@earﬂy epierlarefaralsejin celfudating tee (mirmylaetireatianegalues. The

gr xel s 24, 33, 35, 37, 44, 46 53, 55,
su o bghaiihes e 8 FRGRIBiR In kAt a6k ey Rel )
be|OML The three by three green ker IS then
cal culS=egll lugilBtgt3he fol | owi ng em: (2) In this

exenpl ary enbodi nent, the sane kernel vaglues are
intergg;gpedgzgm g nediran interpolation |of actual

sensed val ues of surroundi ng green pixells. The three
S3=g31+g32+g33;

S4=g11+g21+g31;

S5=g12+g22+g32;
S6=g13+g23+g33; 3)
S7=g21+g11+g12);
S8=g13+g22+g31;
S9=g23+g32+g33;
S10=g21+g31+g32;
S11= gl1+g13+g33; and J
S12=g12+g13+g23. ’

[0030] The edge direction value DIRx, where “DIR” is the value and “x” is the

direction line number, is calculated for each of the direction lines 2, 5, 8, and 11. The

following set of equations (4) are used to calculate the four edge direction values:
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by three interpolated kernel is green, in this

exenpl ary enbodi nent, because as previously noted in a
w@dBayen799EkA, the green pixels are nost preval enPCEOS2006/048200

influential in the imge. The values of pixels in the

three by three. kernel gll, gl2, gl3, 921, g22, g23,

931, g32, 933, illustrated in FIG 4, are a
cal cul ation of the green values of the pixels in the
three by three kernel illustrated in FIGs. 3A and 3B.

The green kernel will be used during edge detection
and |nD[1Iaéa=ﬁ§&{,&|gﬁggpn Qfsjv\ze correctyn terns. One of

ordinary skill 'in the art ul d apprecilate that other

pi xel ors t alculate the three by

t hree ﬁﬂ%serﬁlﬂqgrg‘gsgie@éﬁ%dg that the klernel may be of
a different size. [0029] Next in step 732~ illustrated

in Fl IRy = e (37-881, 485X rrazred by t hrefe green ker ne(4)
is used to determine an edge direction.| The val ues of

f our eDneudlzhssa(tlstsm eIS?@lSM'I?t ed instep 711.
Dashed Ilnes 2 5, an ustr at d in FIG 4,

firtstBpiBlin g e SRR rilis AR RuERA T be e edp direction

angr;guege)ggﬁﬁg&wst se in cal cul ati ng the four edge
direction val ues e sum of each dashed line is

d b%&ﬁ‘s_%%%se%?@u%mﬁs&%b 'fliﬁ @%%9%2% it i
el s 0 e PR AL L st

de&@inifibd SAVEhEP It édde ArEctitiPilalkGn $RE GleREiSn F ﬁnﬁe@u(rhorlzontal) in
edge direction values: .DIR2 DIR5 DI R8 (4)

step' 714. If the edge direction was horizontal, g22 is recalculated to account for the

edge direction, illustrated in FIG. 3B. The value of g22 is recalculated using the
equation g22=(g21+g23)/2. If in step 714, the edge direction is not horizontal, it is
next determined if the edge direction was in the direction of line 5 (vertical) in step
715. If the direction was determined to be in vertical direction the pixel value of g22
is recalculated using the equation g22=(g12+g32)/2. However, if in step 715 the edge
direction was not vertical, the value of g22 remains unchanged in step 719. If in step

713 the pixel was determined to be green, the value of g22 remains unchanged.

[0032] Next, in order to determine if an edge is present for processed pixel 45,
difference values are calculated between paits of the same color pixels f01; all of the
pixels that may be used in calculating the interpolated values. In step 723 if
processed pixel 45 is green, the difference values are calculated in step 725

according to equation set (5) below:
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DIRp The direction having the greatest DIR value is
determ ned to be the edge direction and is determ ned

WO poses1¥11l. [0031] Next in step 713 ill ustraP€mius1006/048200
FIG 7, it is determined if pixel 45 undergoing
processing is green. If the pixel 45 is not green, in
step 713, it is determ ned whether the edge direction
was in the direction of line 2 (horizontal) in step
714. 1f the edge direction was horizontal, g22 is
recal cul ated to account for the edge direction,

i1l ustphat e, im, 1 G 3B. The valU g22 is
recal cuﬁ;\t esa ug'iEng the equation g224 (g21+g23)/2. If
ot horizontal, it

in st _]i?, hﬁ edge direction is
i s next?det & ed if the edge diredtion -was in the
direction of line 5 (vertical) in stlep 715. If the
di rect Dor NasPetdt ermi ned to be in vedrtical direction(s)
t he pi xel value of g22 is recal cul at using the
equat ip9= gRSRQI.2+932) / 2. However, if~Tn step 715 the
edge direction was not vertical, thg value of g22
r emai ungh d in step 719. If in step 713 the
pixelqaﬁélgﬁgggﬁﬁﬁgg to be green, tHe value of g22
remai ns unchanged. [0032] Next, in grder to determ ne
i f an LagéPudspr-esent for processed jpi xel 45,
di fference val ues are cal cul at ween pairs of the
If is mndetenhiviedpirkstiep 726rthat thegfrocbsseflipirelsdd Raiotigayem dhe difference
used in calculating the interpolated values. In step
valppg are cgleoladed i sipd&l7 agordingrteaquativa s¢t {6)dredorae
val ues are calculated in step 7 according to
equat i DR=9®&,-P5): bel ow I f it isngFégnined in step 723
that the processed pixel 45 is not green, the

di fferppcq py, py,1;

Ds = |Pss-Pusl; 6)
D4 = |Pss-Pssl; ' >—
Ds = | Pss-Pasl; .

Ds = | Pss-Pa7 ] ; and

Dy = | P4s-Pesl. | _/

In step 729, it is determined whether the maximum difference value among the

calculated difference values is greater than a predetermined edge threshold value

using an equation (7):
MAX (D1 ... D7) > Edge Threshold. )

If the maximum difference value is less than the threshold, no edge is identified as
present (step 731), however, if the maximum difference value is greater than the
threshold, an edge is identified as present (step 733). The edge threshold may be set

to be application specific or set based on a user’s preferences.
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val ues are calculated in step 727 according to
equation set (6) below. In step 729, it is determ ned
wob@viesoit he maxi num di ff erence val ue anong t hBCT/US2006/048200

calcul ated difference values is greater than a

predet erm ned edge threshold val ue using an equati on

(7): MAX (DI ... D) > Edge Threshold. (7) If the

maxi mum di fference value is I ess than the threshold,

no edge is identified as present (step 731), however,

if the maxi mumdifference value is greater than the

P O e e R 80 2o O R b progssed pixel
45 i E@@érf. B¢ é:@bcé?s@éd Daed A538 ghedts ¢h skep 73 £eigher set @) I2lequations is

IT n o edge is detected in step 729, it is again
usedab ealdubsiddithe pritecpsiaes ped gredid and bjmewaluesfof pixel 45. The

processed pixel 45 is green, in step 739 a eighth set
eiglftg)seb (8)erfuntarppiation equeatians igal cul at ed t he

i nterpol ated red, green and bl ue ues of pixel 45.

The eR@R{1; $ Bs « By +OPsy)/4t er pol ati onfequations is:

R45=(P3S + PS5 + P 37 + P5?)/4; + P|+ P 6 +P<54)/4,

and () &5=¢P4 +P54+P,36) / 4, e R45, ds, an

B45 a?%_ 4é+&gﬁaig§é%ﬁia% bl ue i nt ¢r pol at ed valuesqs)

for processed pixel 45. Note that even though pixel 45

is a 6¥§%ﬁﬁﬁﬁ%gﬁﬁ{?ﬁ »val ue is interpolated using the

actual sensed value of P45 as well as the actua
wherel Rig Gofarat Beargtleeredyigredn and dnhige irtterpolated values for processed

pixel 45. Note that even though pixel 45 is a green pixel, the value is interpolated
using the actual sensed value of Pss as well as the actual values of other green pixel

around it.

[0034] If in step 735 it is determined that processed pixel 45 is not green, in step
741 it is determined if processed pixel 45 is blue. If processed 45 is blue, a ninth (9)
set of equations is used to calculate the red, green and blue values of pixel 45 in step

747. The ninth set of equations interpolation is:
Ras=(Pss + Pss + Pas + Pag)/4;
Bas=(Pas + Pas +Paz +Pes)/4; and 9)
Gus=(Pu+Pas+Psst+Pss)/4,

where Res, Gss, and Bssare the red, green and blue interpolated values for pixel 45. If
in step 741, processed pixel 45 is not blue, pixel 45 is red and a tenth (10) set of

equations is used to calculate the red, green and blue values of pixel 45 in step 749.
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[0034] If in step 735 it is determ ned that processed

pi xel 45 is not green, in step 741 it is determned if
woreces®er pi xel 45 is blue. |If processed 45 i BChUSE)6/648200

ninth (9) set of equations is used to calculate the

red, green and blue val ues of pixel 45 in step 747.

The ninth set of equations interpolation is: (9) where

R45, (A5, and B45 are the red, green and bl ue

i nterpol ated values for pixel 45. If in step 741,

processed pixel 45 is not blue, pixel 45 is red and a

Thé @éﬁtﬁs@@@)ir&@%pcﬁﬁﬁ@ﬂklgﬁhﬁaﬁs jss used to calculate the
red, green and blue val ues of pixel 45 in step 749. The

tenth ;set,,of int jon equations_is: (10) where R
5, G4§?45=a(ﬁ65+813"§§?é)0'&ﬁ§} ed, green and )bl ue
i nterpol ated val ues for pixel 45. [0035] If an edge
was ddbetset Pont BisepPs)?4); and pr ocessed pi xel 45 is (10)
green in step 737, the interpolation v@alues of the
red, geeeP.ame+PluPRss)yal ues of pixel 49 are cal cul at ed
using an eleventh (11) set of equations. The el eventh
f A | at uaf 1S ' 5 .
whEELRE, Gy hHRS 84 Y BT R 2 s et PR S litadampicet a5

@husjg[ for pixel 45 and DELTAbi ueand DELTAredare . .
! f PBisderas detgeteddn ep 629 pre prBresarPixel 45 is green in step

TAr.ed .cal_cul b d whi di [ th
AR B OB S L g e
cal%iéﬁ% héiRg! a312%1_@vém A9 s& Ut Ruatibls. Fhdlei&f iR et of interpolation

lue=
equations is:

Ras=(P2s + Pss)/2 + DELT Arec;
Bis=(Pu4 + Pis)/2+ DELT Asiue; and 1)
Gas=g22,

where Rss, Gss, and Bssare the red, green and blue interpolated values for pixel 45
and DELTAusie and DELTAred are correction terms. The values of DELT Asiwe and
DELTAred are calculated based on which direction the edge was determined to be in
step 711. If the edge direction is in the horizontal line 2 direction, DELT Abwe = g22-
(g21+g23)/2 and DELTArea = 0 and if the edge direction is determine to be vertical
line 5 direction, DELTAbie = 0 and DELT A = g22-(g12+g32)/2. Lastly, if the edge
direction is determined to be in a diagonal direction 11 or 8, DELT Abie = g22-
(g21+g23)/2 and DELTAre = g22-(g12+g32)/2.

[0036] If in step 737 it is determined that processed pixel 45 is not green, in step
745 it is determined if the processed pixel 45 is blue. If processed pixel 45 is blue, a
twelfth (12) set of equations is equations is used in step 751 to calculate the red,

green and blue interpolation values. The twelfth set of interpolation equations is:
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(921+9g23)/2 and DELTAred= 0 and if the edge direction
is determne to be vertical line 5 direction,

WORTAIuE= 0 and DELTAred g22- (gl 2+g32)/ 2. LaBt1T/¥$2008/048200
the edge direction is determned to be in a diagonal
direction 11 or 8 DELTAbi ue= g22- (g21+g23)/2 and
DELTAred= g 22-(gl 2+g32)/2. [0036] If in step 737 it
is determ ned that processed pixel 45 is not green, in
step 745 it is determned if the processed pixel 45 is
blue. If processed pixel 45 is blue, atwelfth (12)
set ofRisqPatIeNs Pas+ PaY/ati DRBTAS.apised inf step 751 to
cal cul ate the red, green and blue interpplation
val ueg,  _fFhe I fth set of interpolation uati ons
is:vm?r‘ﬁep%ﬂgfl&gél& and B 5are the red, gfeen and bl %2)

i nterpol ated val ues for pixel 45 and the|val ue of
DEL TAG#i822cal cul at ed usi ng the equati on| DELTAr ed=
g22- (gll+gl 3+g31+g33)/4. If in step 5, processed

whpie®d, @b, asd Batarklthe red, groen hadrblte (AR} psRted{alues for pixel 45
de/&‘uati ons is used to calculate the red, green and bl ue

an

leeadue of QT preoisevbuadateidusing She aqeatépn P33, TAke g22-
S b s e 357 et S ene 1
ipterpel ated values.faor, nixel ,45 and t val ye o
set pfedugifo € tssd ol SlotirsdhRgedrdresy e _Lf"}‘ﬁg%é‘éd processed
pix285 irl SHeb 153 1R leha 3 ket 3P liBol A SREGRRHOADISY Al Ues

for the tTed and blue pixels are on‘the edge

di rectd on,and,t he, green, t threg~nterpol ated
kernelé"s:[qgf?i “ﬁ?%é?&“?@b%@%%‘“?’nventi on provides a
new and novel system and nethod for col ¢r pl ane

i nt er Far&bi @nd i n which interpol ated val®es for gredh3)

red and blue are cal cul ated based on no{ only the
sense@Gagi2ees obtai ned but al so whet her

a

where Rss, Gas, and Busare the red, green and blue interpolated values for pixel 45
and the value of DELTAbneis calculated using the equation DELT Abiue = g22-
(g11+g13+g31+g33)/4). The DELTA correction values for the red and blue pixels are
based on the edge direction and the green three by three intérpolated kernel.

[0037] As described, the invention provides a new and novel system and method
for color plane interpolation, in which interpolated values for green, red and blue
are calculated based on not only the sensed values obtained but also whether a
processed pixel is atan image image. According to the invention, the imbalance
between sensed values and interpolatéd values is removéd by interpolating the
values for each of the colors. Further, edge detection and correction terms are

utilized to minimize blurring of image edges.

[0038] FIG. 5 illustrates a block diagram of a CMOS imager integrated circuit
(IC) 500 having a pixel array 505 containing a plurality of pixels arranged in rows

and columns, including a region 510 with, for example, two green pixels (G), one
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processed pixel is at an inmage i mage. According to the
i nvention, the inbal ance between sensed val ues and

WO paogopoiat ed val ues is renoved by interpol at i POI/URE06/048200
val ues for each of the colors. Further, edge detection
and correction terns are utilized to mnimze blurring
of inmage edges. [0038] FIG 5 illustrates a bl ock
di agram of a CMOS i mager integrated circuit (1C 500
havi ng a pi xel array 505 containing a plurality of
pi xel s arranged in rows and colums, including a

. - . A r 1 y - .

ol B Lk gt P BB e SR R et T pinels of cach

rovPdy QkrayB05re alllhenbi 8l & b s8ARNiHe Wyl fbvAkeRYt BRSs B and the
all tufned on at the sane tinme by row select |ines

pixeldof @it dohempi arelselaetiveBchuipait biyrespectied esltimebelect lines 520.
out put by respective colunmm select |1nes 520. [0039]
' . I ot ivel i . .
003810 A et 3181 BB+ Sk AR PR PN Gef O i response
to KAk Addrek Rebdet BSS. TRE caliinfigbRet 1iN€d 520&td A& ey adivated by
col um selector 535 in response to col um address
a cdeannaelebdfd. 53bla rpsp@hseaorajumdtad drespdecddst 549. tThe pixel array
timng and control circuit 545, which controls address
505jiscprpenrtedizgotheasdming andejosdral wircuiddappioeh camigolsgddress

angd c lines for pixel signal readout.. [0040 he | i
deiitsf Sl Mot Selekitas B RERTaRiAte sPI SHeEptiren s foi pixel signal
red ol signal (Vrst) and a pixel image signal (Vsig),
are read by a sanple and hold circuit 550 associ at ed

th the colum selector 535. A djfferential sjgpal .
zf"%%q]-"v\espwﬁ%luy% gigreds, pyhightyeically influgdes Prebresstggnal (V)

ancg%‘r,ﬂiggf %%eé?%g%ﬁ&} sigj, aré {'g?alcf hf>)|7 g%ar%r}]) e g}\giﬁélczl%grc%% 550 associated

with the column selector 535. A differential signal (Vist — Vsig) is produced by
differential amplifier 555 for each pixel that is amplified and digitized by analog-to-
digital converter 570 (ADC). The analog-to-digital converter 570 supplies the
digitized pixel signals to an.image processor 575, which performs the processing
metﬁod 700 of the invention. Alternatively, imagé processor 575 can output an
image file in a raw format as received from the analog-to-digital converter 570
which can be received and processed in accordance with the invention by a different

processor.

[0041] A typical processor system which includes an imager device 605 having a
pixel array in which the pixels signals are interpolated according to the present
invention is illustrated generally at 600 in FIG. 6. The imager device 605 produces
an output image from signals supplied from the pixel array. A processor system is
exemplary of a system receiving the output of a CMOS imager device. Without
being limiting, such a system could include a computer system, camera system,

scanner, machine vision system, medical sensor system (such as medical pill
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converter 570 (ADC). The anal og-to-digital converter

570 supplies the digitized pixel signals to an inmage
wo@r@ces®or 575, which perforns the processi ng PeT/NSI0G6/048200

700 of the invention. Alternatively, inmage processor

575 can output an image file in a raw format as

received fromthe anal og-to-digital converter 570

whi ch can be received and processed in accordance with

the inventi.on by a different processor. [0041] A

typi cal processor system which includes an i mager

A4 S5 OB e N S 0 PR g o o
wH1&Y eAL LeMizkThe kﬁéé%h‘c alRshtfirD eAPcEfﬁ(atNelg Qe tl‘lé"irﬂl?é gpocessor 575 in

he 1 mager device 605 produces an out I mage

mélma@é@@ﬁwbmwfréﬁaas i peogieseld anagy mgi\ap 'tRE§AS@tion can
systemis exenplary of a systemreceivi ng t he out put

pexforme@NBShe pagesssihgviyseem\A0Dhout being |imting, such
a systemcould include a conputer system canera

 JUSARA SERBAGE oy dBAIENE sitlih0R SYALEME: sJREEEbr SR1IARle generally

systen1(such as nedlca pillsensors), and aut’onoti ve
corflp@i3as S@ﬁtxﬁ??f@d&hmﬁ@ﬁrﬁt {€PU) 600, fog eiyﬁﬁaﬂm’& midrop@bcessor, that
ich can utilize the present invention.
commmmataswitly anj mput{eutpmg(é/@) devdise 6il5 &YEr a busie@0. The imager
%er devi ce 605 provides a progressed i mage signal,
deYlﬁé Pandsa ‘FCHHHBHHC"ﬁé? v tnthe $y5 t%lﬁé)‘iﬂfd%@s@ioﬁg Qi&F gppmunication
such, as

[ 0042 tem.6 a co
i Ao SR AT © e 150 donpries BESRaRer ) menry (RAM)
6253 ra%eé.éi R fen(tﬁ%lgle Hlnof 636X £ fldh memory, which also
m cropr ocessor t communicaies wth an i nput put
corhhi )i c8R¥iveith BA& CPLE61RobestHPus 47 THEHRAging dev1ce 600 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.

{0043] The invention is not restricted to the above described embodiments. For
example, a program embodying the processing 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 which receives and processes
an image file in accordance with the invention or the processing method may be
embodied in a circuit or a combination thereof. Additiénally, the invention may be
implemented as a plug-in for existing software applications or it may used on its
own. The invention is not limited to the carrier mediums specified herein and the

invention may be implemented using any carrier medium as known in the art.

[0044] It should be understood that other methods of interpolating the values for
the green, red and blue colors of the pixels are within the scope of the invention, and

the invention is in not limited to the equations or use of the correction terms
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devi ce 605 al so conmuni cates with the system over bus

620 or other communication |ink. The processor-based
wayswemsD0 al so i ncl udes random access menor yPCRER)006/048200

625, and can include renovable nenory 630, such as

flash menory, which also communicates with the CPU 610

over the bus 620. The imaging device 600 may be

conmbined with a processor, such as a CPU, digita

si gnal processor, or mcroprocessor, with or wthout

menory storage on a single integrated circuit or on a

deqcuihed Tve: iRt LSt FicbEI e SHET SEErRgEse pirdamay be used in
I A R e -
ASVMcﬁ,htI{éBé/ddeéC&é&ﬁp%M C?r{d SRRVirgs e offyf B be *BASIHER PMustrative

conpact di sk, etc: and then be“executed by an

of &%%Q@x‘n?ﬁ&xgl HhBeaRALHt WRi@adHERIViBS famehrps 868 28RANEBIEes of the
Image filé in accordance with the invention or the

inveheRes shng mediicdtionyof the prézedi advdnticm whiducemes within the spirit
conbi nation thereof. Additiognally, the inventign may

an@ scopp bé Henfddlpveingclpimashauld hie dmsidarad post ehhednvention.

Sl o RO bl AR s
B Ak AN A SRS S8 Pt b cais

under stood that other nethods of interpolating the
values for the green, red and blue colors of the

pi xels are within the scope of the invention, and the
invention is in not limted to the equations or use of
the correction ternsdescri bed above. Specifically, for
exanpl e, other surrounding pixels nmay be used in
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cal culating the interpol ated values instead or in

addition to those di scussed herein. As such, the above
walemanitt on and drawi ngs are only to be consi Ber/@82006/048200

illustrative of an exenpl ary enbodi nent which achieves

the features and advantages of the invention. Any

nodi fi cation of the present invention which cones

within the spirit and scope of the follow ng clains

shoul d be considered part of the invention.

Accordingly, the invention is not to be considered as

being imted by the forrerelgié’gﬂ/@jescri ption and
drawi ngs, but is only Iim the scope of the
appended cl ai ns. CLAIMS What is clainmed as new and

SR YIS L LA ' PRy s Patntot e

United SRR ation for inmage pixels, said nmethod conprising
the steps of: selecting a pixel for processing;
form ng a kernel of neighboring pixels associated with
sai dl.sel Actethqgd e tolod gil @teninterpeplatient farinsaiedpixelsect ed
.cgi xel is at an edge within an inmage and the direction
saicometiyed cenyrisingdhgetepsatfi ng a val ue for said selected
pi xel for each of color of a color pattern based on

sai d.nei_ghborin i xel s, whether said sel ected pixel
isgfegftmgg]- xgg}é’é%dﬁaestsﬁég'di rection of said edge.
_forming a kernel of neighboring pixels associated with said

selected pixel;

determining whether said selected pixel is at an edge within an

image and the direction of siich edge; and

generating a value for said selected pixel for each of color of a color
pattern.based on said neighboring pixels, whether said selected pixel is at

said edge and the direction of said edge.

2. The method of claim 1, further comprising the act of
calculating pixel values of one color of said color pattern for all of the
pixels in said kernel and determining said edge direction using said

calculated kernel pixel values of one color.

3. Themethod of claim 2, further comprising recalculating
at least one pixel value in said kernel based on said determined edge

direction.

4, The method of claim 1, wherein said color pattern isa

Bayer pattern.
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2. The nmethod of claim11, further conprising the act

of cal cul ating pixel values of one color of said color
w@atwersyif or all of the pixels in said kernel PBPOTIUS2006/048200

determ ning said edge direction using said cal cul ated

kernel pixel values of one color. 3. The nethod of

claim2, further conprising recalculating at |east one

pi xel value in said kernel based on said determn ned

edge direction. 4. The nethod of claim1, wherein said

color pattern is a Bayer pattern.5. The nmethod of

reen. 6., The

claim1, erei.n sajd one calor,is, .
met hg]d of IHFFhozfomé}f@i rﬂlr%\?ﬁlgGF‘er‘:Q&%ﬂ 18 @88 ng

said at | east one kernel value is only recalculated if

t he. edge +§j ' ' t ' j . or

Lne, B9° YRRl Ao Lia BEs DPICARRShn g
sai@fat teis btk Kefte] WARIS & orfl 'x‘écﬁ@%ﬁtéd; ifthE BBk ARMIRISES:

calculating difference values between different pairs

is dufrepphiteddstodfe osaomtat 6 Qeiticald conparing the |argest
difference value to a predeterm ned threshold val ue.
8. The nethod of claim7, wherein said pairs of pixels
may 7. The method of claim 1, wherein said step of determining

whether said edge is present comprises:

calculating difference values between different pairs of

pixels of a same color; and

comparing the largest difference value to a predetermined

threshold value.

8.  The method of claim 7, wherein said pairs of pixels may

include said pixel.

9. A color imaging device including a sensing array of

image pixel sensors, said device comprising:

a first plurality of image pixel sensors that are used to produce

sensed values of a first color;

a second plurality of image pixel sensors that are used to produce

sensed values of a second color;

a third plurality of image pixel sensors that are used to produce

sensed values of a third color;

interpolation means for using said sensed values of the first color

to determine a first set of pixel values for a plurality of image pixels in a
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i nclude said pixel. 9. A color imging device

i ncluding a sensing array of inage pixel sensors, said
walewroessennpri sing: a first plurality of i mgeP@i/x8t006/048200

sensors that are used to produce sensed val ues of a

first color; a second plurality of image pixel sensors

that are used to produce sensed val ues of a second

color; athird plurality of inage pixel sensors that

are used to produce sensed values of a third col or;

i nterpol ati on neans for using said sensed val ues of

pixel Ketfel ind@hidaf) 25elePtedabiRbNAme nélél‘ll:rcﬁh‘l txelf fg¥ as@a
val ues for a plurality of imge pixel s i n api xel

first cdler, nidtermirdhgdighar arledgeds ppescak fenshid eblgbledr pinel
pi xel s, for said first color, determ ning whether an
using migekeraebvmea anfloaledating ahtecp(eldnpnxmﬂuessﬁon gaizhi d
rnel val ues and cal cul ati ng i nt erpol ati on val ues for
first, S%%qrui and shirdsolomsf satd seipetad qukelrnsed osesaid kerrelt ed
based on said kernel . val ues, neighboring pixels

. values 1%}‘?%{}&’@8@}%%’% B edgRalirsciory ga representative

i mage using interpol ated val ues of said first, second

@f&tﬁ{%é g%ﬁ%'s@ﬁt%ﬂv%?l&l sk Fi{tef;;@g{éwvzﬁﬁgé SP%EHE

ereln sal nt er ation neans urt
first, sedigidend $hird ®edect ed pixel is at said edge.

10. The color imaging device of claim 9, wherein said

interpolation means further whether said selected pixel is at said edge.

11.  The color imaging device of claim 10, wherein at least
one value of said pixel kernel is recalculated based on said edge

direction before said interpolation values are calculated.

12.  The color imaging device of claim 9, wherein said pixel

kernel is a three by three kernel of pixels.

13.  The color imaging device of claim 10, wherein said edge

directions are calculated as follow:
DIRnorizontal = max( 151-S2 I 1S2-S31 ),

DIRyerticat = max(154-851, 185-S61);
DIRdiagonan1 = max(1S7-S81, 158-591); and
DIRdiagonaz = max(1510-5111, 1511-512]),
where S1, 52, 53, 54, S5, S6, S7, S8, 9, 510, S11 and S12 are calculated as follows:

S1= g11+gl12+gl3
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11. The col or inmagi ng device of claim 10, wherein at

| east one val ue of said pixel kernel is recalcul ated
whamed7som2 sai d edge direction before said i nt ePEDUSLI0E@HS8200

val ues are cal cul ated. 12. The col or i magi ng devi ce of

claim9, wherein said pixel kernel is a three by three

kernel of pixels. 13. The col or inmagi ng device of

clai m 10, wherein said edge directions are cal cul ated

as follow DIRhorizontai = nf( 1S1-S2 1, 1S2-S3 1);

DIRv.rtic-1 max( 1S4-S5 i, 1S5-S6 1); DI Rdiagonaii =

max( &pl~98 3-S9 1); and DI Rdi agona = max(
I Sl 0%732? g%%r -S12 1), where SI, S2, S3, $4, S5, S6,
S7, S8, 99, SIO _SlIlI and S12 are cal cul ated as
fol | ow=833re341833y| 2+gl 352=g21+9g22+g23 S3=g31+g32+g33;
S4=gl | +g21+g31; Sb=gl 2+g22+g32; S6=gl 3+g23+g33;
S7=0234-egg11+gP Pyg3158=gl 3+g22+931;

S5=g12+g22+g32;

S6=g13+g23+g33;

S7=g21+g11+gl2);

S8=g13+g22+g31;

S59=g23+g32+g33;

S10=g21+g31+g32;

S11=gl11+g13+g33;

S12=g12+g13+g23,

using said kernél where g11, g12, and g13 are the pixel values of the first row of said
kernel, g21, g22, and g23 are the pixel values of the second row of said kernel and
g31, g 32, and g33 are the pixel values of the third row of the kernel and wherein

said edge direction is the direction having the greatest value.

14. The color imaging device of claim 9, wherein said edge is
detected by calculating difference values of neighboring pixels and

comparing a maximum difference value to an edge threshold.

15.  The color imaging device of claim 14, wherein said
difference values are calculated as follows when said selected pixel is
green:

D1 = | Pxs1, yi1-Px,yu | ;

D2= lPx,y-Px,y+2l;
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S9=g23+9g32+9g33; S10=g21+g31+g32; Sl I =gl | +gl 3+g33;
S12=gl 2+gl 3+g23, using said kernel where gll, gl2, and

w@b®7arsit he pi xel values of the first row of B@i/US2006/048200
kernel, g21, g22, and g23 are the pixel values of the
second row of said kernel and g31, g 32, and g33 are
the pixel values of the third row of the kernel and
wherein said edge direction is the direction having
the greatest value. 14. The col or imgi ng devi ce of
claim9, wherein said edge is detected by cal cul ating
di ffergpcgpval wes of. nei ghboring pi xels and conpari ng
a naxf%gnsg??{gfzﬁgg val ue to an edge threshold. 15.
The cal.or %nag%pg device of claim 14, wherein said
differ hEé valu&srare cal cul ated as foll ows when said
selected pixel is green: DI = IPxH y+l-Px-1, y+l [|;D
s = | ARsi IPya,pliny2l4edl; and y+1 |, where Px, y is
the selected pixel and the "x" relates to the rowin
whi ch pha |piL.xeh-Pi S el ative to the sel ected pixel Px,
y and "y" relates to the colum in which the pixel is
relative to the selected pixel Px, y.

where Psy is the selected pixel and the “x” relates to the row in which

” "

the pixel is relative to the selected pixel Pxy and “y” relates to the

column in which the pixel is relative to the selected pixel Px,y. ?

16.  The color imaging device of claim 14, wherein said
difference values are calculated as follows when said selected pixel is
red or blue:

Di= | Pxs,ys1-Pxa, ysal;
D2 = |Px+1, ys1-Pxa, yal;
D3 = | Px, ys1-Px,y11;

Da = | Pxs1, y-Pxa,yl;
Ds= Ii)x, yv-Pxy2l;

Ds = 1Py, y:‘P x y2l; and
D7 = |Px, y-Pxe2, yl,

where Px y is the selected pixel and the “x” relates to the row in which

the pixel is relative to the selected pixel Pxy and “y” relates to the

column in which the pixel is relative to the selected pixel Pxy.

17.  The color imaging device of claim 12, wherein said three

by three kernel is calculated, when said pixel is green, as follows:
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16. The col or inmagi ng device of claim 14, wherein said
di fference values are cal cul ated as foll ows when said

waelgordd2 pi xel is red or blue: D 2 = | Px+l, yrAT/UR2006/048200
y-11; ; and where Px, y is the selected pixel and the
"X" relates to the rowin which the pixel is relative

to the selected pixel Px, y and "y" relates to the
colum in which the pixel is relative to the sel ected
pi xel Px, y. 17. The col or imagi ng device of claim12,
wherein said three by three kernel is cal cul ated, when
sai d plxehlgﬁ green, as foll ows: gl 2- MEDI AN(P c-2, vy/
Px-i, YRPx, oyt 921: MEDI AN(Px |, 'y+i, P,

y+2, . P R DILAN(Px +l, +i, P x+2,
y! Px éﬁ? @Eﬁl‘%&@"’z’yg DL KEDP, Wi, y-2, Px-i,

y-i, y, Px+i, y-i); and where PX, ylsthe

sel ected&iﬂx@“a‘ﬁd the "x" relates to the row in which
the pixel is relative to the sel ected pixel Px, y and
"y" rel atg2d=MEDRANBumm, PryanherPtihe)ipi xel is
relative to the selected pixel Px, y. 18. The col or

I magi ng @22Pey;of claim 12, wherein said three by

t hree kernel is calculated, when said pixel is red or

bl ue, HME@IAN(!P%:AE,DPM Px 3 Pxiyyafs, PX-2, y-i,
Px-1, y, c,y-i);

gsl—Pxﬂ, y-1;

g32= MEDIAN(Px, y-2, Px-‘l, y-1, Py, yr Pin, y—l); and

g33= Px+'l, y+1,

where Py is the selected pixel and the “x” relates to the row in which
the pixel is relative to the selected pixel Px,y and “y” relates to the

column in which the pixel is relative to the selected pixel Px,y.

18.  The color imaging device of claim 12, wherein said three

by three kernel is calculated, when said pixel is red or blue, as follows:

- g11= MEDIAN(Px1,y-2, Px2,y1, Px1,y, Pxy1);
g12=Px1y;
g13= MEDIAN(Px=2, y+1, Px1,ys2, Px1,y, P, y41);
g21=Px y;
£22= MEDIAN(Px, y1, Px1,y, Pxs1,y, Pryn);
g23= P, y11;
g31= MEDIAN(Px+1,y2, Px,y1, Px, y1, Pxs2,y1);
g32=Pxs1,y; and

g33= MEDIAN(Px, y+1, P+, y42, Pxs1, ¥r Px+2, y+1),
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gl 3= MEDI AN(Px-2, y+i, Px-i, y+2 Pc-i, vy, Pc,y+i);

g22= MEDI AN( Px, y-i, Pc-i, vy, Pc",y, Pc,y+i); g3l=
wORIAMOPX +1, y-2, Px, y-i, Px, y+i, Pc+2, y-PQT/U§BB6/048200

MEDI AN(Px, y+i, P c+i, y+2, P c+i, y, Pc2, y+i),where

Px, yis the selected pixel and the "x" relates to the

row in which the pixel is relative to the sel ected

pi xel Px, y and "y" relates to the colum in which the

pixel is relative to the selected pixel Px, y. 19. The

color imaging device of claim9, wherein said

whRIU SR UBE AL RR LRI 10 Bl i R0 0C

ors “of sald selecte i xel are cal cul at ed

the p8xdl ¥ tAQUEVIAE Thé 16188 pRed1 Y, ng'i felf88H thed no
edge is present: Rx, y+ Px+l, y + Px-1, y+2-+ Px+1,

coluti/id whith thepikl is Yelative t6 Hie saletctedDix@ Pyy- i) / 4, and
&, +Px, y+2+Px+l, y-1+Px-1, y+i)/4, where Px, y is
the selected pixel and the "x" relates to the rowin
whi & t h&hpiceldr imaging device of slaimedswhergingaist xel Px,

Cal‘_i‘é?atgaii’lil}é{;f?éfalctﬁ%‘eg%ﬁl%%%‘gﬁsf‘g‘? 'ﬁ%?t‘? %@”r@"érg% ﬁﬁi?ﬁévl‘éi%‘?gafi °
soid RSB S Rl B PRl SRR p BT

SPLRASPEdSA{sdhesdfct ed pixel are cal cul ated as
grefoI [ ows when Sg%li d selected pixel is

R, y=(Px-1, y+ Pu, y + Prt, yi2 + Pxaa, y+2)/ 4;
Bx, y=(Px, y-1+ Px, y+1 +Px+2, y+1 +P x+2, y—l)/ 4, and

Gx, y=(Px, y +Px, ys2+Prrt, y1+ P, y1) /4,

where Py y is the selected pixel and the “x” relates to the row in which

‘the pixel is relative to the selected pixel Pxy and “y” relates to the

column in which the pixel is relative to the selected pixel Pxy.

20.  The color imaging device of claim 9, wherein said
calculated interpolation values for said first, second and third colors of
said selected pixel are calculated as follows when said selected pixel is

blue and no edge is present:
Rx, y=(P y+1, x+1 + P. x+1, y-1 + P x-1, y+1 -+ P3x-'l, y-1 )/ 4!;
Bx, y=(Px, y + Px y1 + Px, ye2 +Pxs2, y)/ 4; and

Gx,-y=(Px, y1+ Pxay + Py yeihPxe1, y)/ 4,

o7,

where Py y is the selected pixel and the “x” relates to the row in which
the pixel is relative to the selected pixel P~y and “y” relates to the

column in which the pixel is relative to the selected pixel Px,y.
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bl ue and no edge is present: Rx, y=(Py+1, x+l + Px+1,
y-1 + Px-I, y+1 + Psx-1, y-1)/4; Bx, Px, y-1 + Px,
wQ 27612, y)/4; and &, + Px-1, y+ Px, y+| +PRCHLS2006/048200
y)/ 4, where Px, y is the selected pixel and the "x"
relates to the rowin which the pixel is relative to
the selected pixel Px, yand "y" relates to the colum
in which the pixel is relative to the sel ected pi xel
Px, y.21. The col or imaging device of claim9, wherein
said cal culated interpol ation values for said first,
second amhetdvlotirtagitbdSiicssl dafrlocorRGei stgll are
cal cul ated as foll ows when said sel ected pixel is red
calauddtatbingeigolatiop vebentior Bxid fis(Recdnd ahdl thifdxddlorsyofl +
Px-1, y+1 + P3x-1, y-1)/4; Rx, Px, y-1 + Px, y+2 +P
saig selec )d/ pixehaxe @lculataekag f,ollpwmheyl-lslaicpxelggtegi)pixel is
where Px, y is the selected pixel and the "x" rel ates
redt%“iﬁ@etd&‘ﬁllﬁﬁrw&h the pixel is relative to the
sel ected pixel Px, y and "y" relates to the columm in
whi ch 4 he i xel, s rel gtive, £0 t sel ected pixel Px,
22 éx’l"ﬁgpyélbxlucﬁi:’iﬂ 31 g 1&/%’%.(%4-1 claim 9, wherein
said calculated interpolation values for said first,
secondai vhit Fo v 6ifors EkesitRnd| ect ed pixel are
cal cul ated as foll ows when said sel ected pixel is
Gy, y=(Px, y1+ Pxa,y+ Py, g1 +Py, y)/ 4,

where Py y is the selected pixel and the “x” relates to the row in which
o

the pixel is relative to the selected pixel Px,y and “y” relates to the

column in which the pixel is relative to the selected pixel Px.y.

22, The colorimaging device of claim 9, wherein said
calculated interpolation values for said first, second and third colors of
said selected pixel are calculated as follows when said selected pixel is

green and an edge is present:

Ry, y=(Px1,y + Pxu1, y)/2 + DELT Areq;
Bx, y—-"(P % y-1 + Py, y+1)/ 2+ DELTAque; and
Gx, y=g22,

where g22, and correction terms DELTArea and DELT Abtwe are

calcqlated based on said kernel values and where Px y is the selected

"1
X

pixel and the relates to the row in which the pixel is relative to the

"7

selected pixel Py y and “y” relates to the column in which the pixel is

relative to the selected pixel Px,y.
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green and an edge is present: Rx, DELTAred; P x,
y+i )/ 2+ DELTADbi u.; and where g22, and correction terns
woORTArssdand DELTADbiI ueare cal cul ated based on Be@i/dS2006/048200
kernel values and -where Px, yis the selected pixel
and the "x" relates to the rowin which the pixel is
relative to the selected pixel Px, y and "y" relates
to the colum in which the pixel is relative to the
sel ected pixel Px, y.23. The col or imagi ng device of
claim9, wherein said calculated interpol ati on val ues
for ngai d Thiel®lor $R48AG BAlcd &Y d145ing 9) %@ré}h safd d
sel ected pixel are calcul ated as fol  ows when said
caladhtnl edegpictation $ahlasdonsaiddirst dgeoridand ehfrﬂt coldtslof
y-1 + Px-1, y+l + Px-1, y-1)/4 + DELTAred,' where g22
saig ﬁdlectndrmel are ¢adeutaterl Asodldves whenlsaial salectedgsrel isn
sai d kernel values and where P ,y is the sel ected
blugiakel amadee iepregentkel ates to the row in which the
pixel is relative to the sel ected pixel Px y and "y"
relatelgt t he Iurm gh tly% s relative
t o- t he gel e8r8d p’i”xel 211 "’“I' *e6 @d devi ce of
claim9, vvherel n said cal culated int erpol ation val ues
for sdbd=Prri@mdsecond and third colors of said
sel ected pixel are calculated as foll ows when said

sel ect@dy=gl2el is

where g22 and correction term DELTAred are calculated based on said
kernel values and where P,y is the selected pixél and the “x” relates to
the row in which the pixel is relative to the selected pixel Py and “y”
relates to the column in which the pixel is relative to the selected pixel

Pxy.

24.  The color imaging device of claim 9, wherein said
calculated interpolation values for said first, second and third colors of
said selected pixel are calculated as follows when said selected pixel is

red and an edge is present:

Bx, y=(Px+l, y+1 +P x+1, y-1 -+ Px-l, y+1 + Px-‘l, y—l)/ 4 + DELTAred,'
Ry, y=Px,y; and
Gx, y=822,

where g22 and DELTA«.d are calculated based on said kernel values

" II

and where Pyy is the selected pixel and the “x” relates to the row in

" n

which the pixel is relative to the selected pixel P,y and “y” relates to

the column in which the pixel is relative to the selected pixel Px.y.
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red and an edge is present: Px I, y-I + Px-I, y + P
-l,y-1)/4 + DELTAred; where g22 and DELTAredare

wealcurgted based on said kernel val ues and WhePCEBUR006/048200

yis the selected pixel and the "x" relates to the row
in which the pixel is relative to the sel ected pixe
Px, y and "y" relates to the colum in which the pixel
is relative to the selected pixel Px, y.25. A
processi ng system conprising: an inmagi ng device
including an array of image pixel sensors, said device

COonpki si nNg- LSt abhd¥ei i mage pi xel sensors
t hat arel;hg g?icetg%lhgrsggteg% ser?sltésgflgal ues of a first
color; a second plurality of inmge pixel sensors that

an inggingadetite MO Sea8A¢ ofdhiips pikelbenss@nshidol or; a
third plurality of 1 nage pixel sensors that are used
device pomguisengsensed val ues of a third col or;
i nterpol ati on processing circuit for using said sensed
vaéiues of the first color to determne a first set of
i St plaralidy of mage pixgl senegrsghat asggesed; tedrrodiuge o

i xel kernel, including a selected pixel and
Sensecgéfﬁg’l’?gﬁiaiérsﬁwgﬂrs, for said first color, deternining
whet her an edge is present for said sel ected pixel

WSdetBnaPIr AR indBleYiRePatths6A fHidk abd 8kd £ SFRRAIAL T ON

sensed values of a second color;

a third plurality of image pixel sensors that are used to produce

sensed values of a third color;

interpolation processing circuit for using said sensed values of the
first color to detérmine a first set of pixel values for a plurality of image
pixels in a pixel kernel, including a selected pixel and neighﬁoring pixels,
for said first color, determining whether an edge is present for said
selected pixel using said kernel values and calculating interpolation
values for said first, second and third colors of said selected pixel based
on said kernel values, neighboring pixels and an edge direction of said

selected pixel.

26..  The processing system of claim 25, wherein said
interpolation means further determines whether said selected pixel is

at said edge.

27.  The processing system of claim 25, wherein said edge is

calculated using said kernel values.
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val ues for said first, second and third colors of said
sel ected pi xel based on said kernel val ues,
waedoglobsont ng pi xel s and an edge direction of SBECTIUS2006/048200
sel ected pixel. 26. The processing system of claim 25,
wherein said interpolation neans further determ nes
whet her said selected pixel is at said edge. 27. The
processi ng system of claim25, wherein said edge is
cal cul ated using said kernel values.28. The processing
system of claim 25, wherein at |east one value of said
pi xel kernel is recalculated based on said ed
d| r&tt | ohbe processing wsteraof ,s}%eb%%uwger&naﬁ@haat OR®)| or

vl g PR dihetls raepranied bsedronraid S J6FERn 1.
plurallty of pixel sensors correspondlng to appl i ed

i o3y Ll SP?RQ'%sélﬂ g eolbfglegrml etk eon

spectrun1 a Inte atl red va e va
the 3Ad & green val ue for each of said plurality of p|xe
sensors based on edge detection and correction terns
determ ned usi ng said sensed val ues. 30. The nethod of
cbimingy sevsedaralue &iogn ieadeobelpéutadﬂry@tf pixaldensaers,
green and bl ue val ues furfher nPrlses: )
the plurality of pixel sensors corresponding to applied light with

wavelengths in one of a red, blue and green spectrum; and

interpolating a red value, a blue value and a green value for each of
said plurality of pixel sensors based on edge detection and correction

terms determined using said sensed values.

30. The method of claim 29, wherein said interpolation of

said red, green and blue values further comprises:

calculating a green kernel of interpolation values using a pixel
values of neighboring green pixel sensors for each of said plufality of pixel

sensors; and
determining whether each of said pixel sensors is at an edge.

31.  The method of claim 29, further comprising determining

an edge direction using said green kernel of interpolation values.

32. The method of claim 30, wherein said step of

determining whether said pixel is at an edge comprises:

calculating difference values between different pairs of

neighboring pixels of a same color; and
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cal culating a green kernel of interpolation val ues

usi ng a pi xel values of neighboring green pixe
waengsor®if or each of said plurality of pixel SPOBFOSENG6/048200

and determ ni ng whet her each of said pixel sensors is

at an edge. 31. The nmethod of claim29, further

conprising determ ning an edge direction using said

green kernel of interpolation values. 32. The nethod

of claim 30, wherein said step of determ ning whet her

said pixel is at an edge conprises: calculating

ﬁ'er gﬁ{)cg)ﬁf g\fﬁé lﬂﬁ? lﬁgﬁsgﬁﬁ@fegérgee\faqﬂ,é & Q rgdgtferrmneq he

thresho®d 98Kife, di f ference value to a predeterm ned threshol d
val ue. 33. A conputer readable nmedia for storing
conputer instructions for enabling a corrputer to
per f38r m dokompritenseadably peldéd farstbring@oaghaer patt ern
i ncluding the steps of: obtaining a sensed value from

instachons far enahlialg 2 yomipuset peddorgorcoloniplenpt ural ity of

I X sensors corresponding to applied light with
1nt€€£f§?%% for2 F‘PllOSIPé‘“@Fn é\“‘i’l@gmga hsestaPRiofr een spect rum

and interpolating a red value, a blue value and a

0 plurakit nsors bhased
be%%gm){egé%?ng 4g§]ﬁ{aegf coérar hq Oﬁlutrghﬁzséf 5 &P Lridors
the plurality of pixel sensors corresponding to applied light with

wavelengths in one of a red, blue and green spectrum; and

interpolating a red value, a blue value and a green value for said
plurality of pixel sensors based on edge detection and correction terms

determined using said sensed values.

34. The medium of claim 33, wherein said interpolation of

said red, green and blue values further comprises:

calculating a green kernel of interpolation values using a set of
neighboring green pixel sensors for each of said plurality of pixel sensors;

and

determining whether said pixel is at an edge for each of said

plurality of pixel sensors.

35.  The medium of claim 34, further comprising
determining an edge direction using said green kernel of interpolation

values.

36. The medium of claim 34, wherein said step of

determining whether said pixel is at an edge comprises:
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determ ned using said sensed values. 34. The nedi um of

claim 33, wherein said interpolation of said red,
w@e@en7eang bl ue val ues further conprises: cal cCBCBUSIIQ6/648200

green kernel of interpolation values using a set of

nei ghbori ng green pixel sensors for each of said

plurality of pixel sensors; and determ ning whet her

said pixel is at an edge for each of said plurality of

pi xel sensors. 35. The nedium of claim 34, further

conprising determi ning an edge direction using said

green é‘a@édlﬁﬁn%iff@ﬁe@k@@!aﬂlés%t%@kﬂ e tferthit #E'ﬁ% dredi um

of clalim 34, erein said step of determ ning whet her

neighlsarinly piretd of & s@headl@gaadconpri ses: cal cul ati ng
di fference val ues between different pairs of-
nei ghbori ng pi xels of a same col or; and conparing the
| ar gestomgpdrfing dhe birgastudiffevermwepradde tea predetermirechol d
vg&ue 37. A nethod of color plane interpolation for
thresho §éhﬁ?xels, for a selected pixel said nethod
conprising: determ ning whether said selected pixel is

at ay | mege, &fl98 of color plane interpolation for image pixels,

for a selected pixel said method comprising:
determining whether said selected pixel is at an image edge;

if said selected pixel is at said edge, calculating pixel values for
each color of a color pattern based on said neighboring, pixels using a first

set of parameters; and

if said selected pixel is at not said edge, calculating pixel values for
each color of said color pattern based on said neighboring pixels using a

second set of parameters.

38. The method of claim 37, wherein said first and second

set of parameters are based on the color of said selected pixel.

39.  The method of claim 37, wherein said color patternis a

Bayer color pattern.

40. The method of claim 39, wherein said first set of
parameters is comprised of a third set of parameters for green pixels, a
fourth set of parameters for blue pixels and a fifth set of parameters for

red pixels.
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if said selected pixel is at said edge, calculating
pi xel val ues for each color of a color pattern based
worisarsinei ghboring pixels using a first set BET/US2006/048200
paraneters; and if said selected pixel is at not said
edge, calcul ating pixel values for each color of said
color pattern based on said nei ghboring pixels using a
second set of paranmeters. 38. The nethod of claim 37,
wherein said first and second set of paraneters are
based on the color of said selected pixel. 39. The
met hod o | ai 7 ' ' is a
Bay o cotF miad/or G 84 ARl SRl ecBRlLsEt o)
par¥fh@t&isis é@ﬁ\garféea%f aSkir0det RARANBRESS kSr SRERPiRAY T a
third set of paraneters for green pixels, a fourth set
sevelthpait dfplagsmetdit f&f biRepixelsaanaingh aighith tét ofet  of
paraneters for red pixels.41. The nmethod of claim 39,
parainetaisifos a¢dippetond set of paraneters is conprised of
a sixth set of paraneters for green pixels, a seventh
set of paraneters for blue pixels and an eighth set of
paranmeters for red pixels.
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