WD 2007/ 078912 PCT/ US2006/ 048200 METHOD AND APPARATUS PROVI DI NG
COLOR | NTERPIOLATISEY | N COLOR FI LTER ARRAYS USI NG EDGE METHAGED N 4538D
CORRECTI ON TERMS [0001] The present invention relates to denpsacing
for use on an inmge captured by an inmage sensor. BACKGROUND OF THE

| NVENTI ON [ 0002] I nmage sensors, also known as imagers, were devel oped
in the late 1960s and early 1970s primarily for television inage
acquisition, transm ssion, and display. An imager absorbs incident
radi ati on of a parti cul ar wavel engt h (such as optical photons,
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consi st of an array of pixel ANDOORREBGIIGINTERMSOrs, where each
pi xel produces a signal correspondlng to the intensity of [|ight
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pi xel Wﬁﬁsﬁlﬁy. An imager 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:rhen 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 tCFA) is



sensitive only to one color or spectral band. -For this, a color
filter arweso{@FAg)izis 1 WO 2007/ 078912 PCT/ US2006/ 04820@cCTruspecsatd2yo
placed in front of the pixels so that each pixel neasures the |ight
of the <color of its associated filter. Thus, each pixel of a color
i mge sensor is covered with either a red, green or blue filter,
according to a specific pattern (e.g., Bayer pattern). [0005) For
nost | ow cost CMOS or CCD i nage sensors, the color filters are
integrated with the sensors. A conmon exanple of a color filter
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next row 1 ese ‘alternating rows are repeated throughout t
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pi xel sequence for the first line-reads GRGRGR etc.,-and then the
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sequential, RGB or sRG. [0007] In the Bayer pattern 100, sanpling

rates fofolgrifilieriy ee basic colors are adj usted according to the

acuity of the human visual system That is, green color, to which
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| arger nunber of sensors, whereas blue and red color, for which the
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Sensors. aJ.:Il_(Q Igsreelzrf p¥>\’cn S, Irgséeré%vgﬁxelrn the Bayer pattern 100, red, green and blue pixels
are arranged so that alternating red and green pixels are on a first row 105 of an
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 eyeé 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 omer‘array position, while the
red-sensitive elements and the blue-sensitive elements .occur at every fourth array

position.



pattern, the green-sensitive elenents occur at every other array
posi ti on, wohiobE0™de red-sensitive el ements and the bl uecTanodsioeo0
el ements occur at every fourth array position. 2 WO 2007/078912
PCT/ US2006/ 048200 [0008] As shown in FIG 2 in a solid state image
sensor, the Bayer patterned filters nmay be fornmed over an array 200
of pixel sensors 205. Specifically, an array 200 of pixel sensors
205 is forned on a sem conductor substrate 210. Each pixel sensor
205 has a photosensitive el enment 215, which nay be any
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[0009] Por 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
reﬁ‘taining 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
a1'1d produce a signal which represents only green light. In oéder 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 TEEE Transactions on Image Processing, Vol. I, No. 9



maybe interpolated fromthe neighboring red pixel sensor cells 120
and 125 aweé 20r#078%2i ghbori ng bl ue pi xel sensor cells 13@Cars2008m48200
respectively. If denpsaicing is not perforned correctly, the
resulting image may suffer fromthe inclusion of highly visible
color artifacts. [0010] The article entitled "Col or Pl ane
Interpolation Using Alternating Projections" published in the'lEEE
Transactions on I nmage Processing, Vol. Il, No. 9 3 WD 2007/078912
PCT/ US2006/ 048200 i n Septenber 2002 and witten by Bahadir K
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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. Intefpolaﬁng 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 shatrpness 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.



tends to blur the image when pi xels at an edge are interpol ated.
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and features of ti nventi on w econe “nore apparen _
det ai | ed ;6@86¢ édthe ob tied ARAEFRh e VFPIRE 1688 fmaPE 84 S3baNIhE th
reference to the acconpanying drawi ngs in which” [00I5] FIG | is a

t op- down kinblwis temicsaieirgg texhtdqwesnt i onal col or 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 exenplary top views of a
five by five pixel kernel used in an exenplary interpolation schene

of the present inventi BRIEF DESCRIPTION OF THE DRAWINGS

. {0014] The foregoing and other advantages and features of the invention will
become more apparent from the detailed description of exemplary embodiments

provided below with reference to the accompanying drawings in which: K
{0015] FIG. lisa 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



[0018] FIG 4 is a block diagramof a three by three kernel, that is
used in wocorvasme With an exenpl ary enbodi nent of thepcrRspios0£8200
[0019] FIG 5 is a block diagramof a CMOS imager integrated circuit
(10 having a pixel array constructed according to an exenpl ary
enbodi mrent of the invention; [0020] FIG 6 is an illustration of a
processor system having a CMOS i mager according to the present
invention; and 5 WO 2007/078912 PCT/ US2006/ 048200 [0021] FIG 7 is a

flow chart illustrating the process of one enbodi ment of the present
i nventi on. | . - . .
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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 illustratio;'t, 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.



[0024] It should be understood that reference to a CMOS i nmager in
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of describing just one exanple of the present invention. It shoul

be readily apparent that the present invention is not limted to
CMOS i magers; but also applies to CCD and other inmagers that enploy
color filters over pixels. Additionally, the current invention is
descri bed using a standard three col or Bayer pattern. It should be
understood that the present invention is not limted to the standard
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of the remaining two colors (prevalent in prior art systems). -

[0026] As shown in FIGs. 3A, 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] Generally, for each selected pixel, a three by three interpolated kernel,

within the five by five kernel, is first defined and color values for the 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 to determine whether an edge
is present for the selected pixel. Then, based on whether an edge is present and the

pixel color, 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.



cal cul ations, though in many of the interpol ation cal cul ati ons only
pi xel s i rwolhmwo7/478%12e by three kernel are needed. HowevemrCcTaishens/ 048200
kernel sizes may al so be enployed in the invention. [0027]
Generally, for each selected pixel, a three by three interpol ated
kernel, wthin the five by five kernel, is first defined and col or
values for the pixel within the kernel are then cal cul ated. Next, an
edge direction is determ ned. Depending on the pixel color and the
edge direction, sonme values of the three by three kernel may be
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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. 8A. The three by three kernel is calculated

using the following equations:

g11=Px; \

*

g12=MEDIAN (Pas, Pas, Pss, Pss)

g13=Psg;

g21= MEDIAN (Pss, Pa7, Pas, I'z6)
222=Ps5; > )]
£23= MEDIAN (Pss, Pes, P1s, Pya); .

£31=Psy;

g32= MEDIAN (P, Pas, Pss, Pss); and

g33= Pss, | _/




013, 921, g22, g23, g31, g32, g33 for pixels within the three by

t hree kerwel2007fv8912t hree by three kernel is cal cul ated weTNF2006848200
actual values of green pixels 25, 34, 36, 45, 47,54,56 and 65
illustrated in FIG 3A. The three by three kernel is calcul ated
using the follow ng equations: gll1l-P34; gl2=MEDI AN (P25, Pao, Pas,
P36) g13=P36; g21= MEDI AN (Pss, P47, P4s, Pas) g22=P4s; (1) g23=
MEDI AN (Pss, Pss, P45, Ps4); g31= Ps4; g32= MEDI AN (P4a, PM P4s,
Ps4); and ¢g33- Pso, 8 WD 2007/078912 PCT/ US2006/ 048200 vvhere " P
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of green 4piix eitherad GHbRR, 3Bhdivn & FIGHB, I8 stdgb70% thé thewechy fireé Rernel is
accordance with equation set (2) below The three by three green

ker nel i saldmdated ewingtie ealues of grednepixeld 28203 % 36287, dMs 46,0501 SSJ\EDI6Amnd

(P33, P24 _ Pas, P44); 12= Pas; gl13=_MEDI AN (P26, P37, Pas,
g21= P44 65 in accordanice with equation sét (2) below. The three by three green kemel is then

calculated using the following equations:
g11= MEDIAN (Pas, Pas, Pas, Pas); \
gl2=DPss;

g13= MEDIAN (P25, Py, Pas, Pss);

g21=Puy;
g22=MEDIAN (Pus, Pas, Pss, Pus); >- 2
223=Ps¢;

g31=MEDIAN (Ps3, Py, Pss, Pes);

§32=Pss; and

£33= MEDIAN (Pus, Ps7, Pss, Pss). —/
In this exemplax:y 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 g11, gi2, 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



g22' MEDI AN (P44, Pas, Pss, P46); (2) g23= Ps6; g31= MEDI AN (Psa,
P44, Ps5,wBa)7/078g32= Pss; and g33= MEDI AN (P46, P57, PPET/TRE)6/048200
this exenpl ary enbodi nent, the sane kernel values are interpol ated
using nedian interpolation of actual sensed val ues of surroundi ng
green pixels. The three by three interpolated kernel is green, in
this exenplary enbodi nent, because as previously noted in a Bayer
CFA, the green pixels are nost prevalent and influential in the

i mge. The values of pixels in the three by three.kernel gll1l, gl2,
gl3, g21 , L L0 I ;
al cub at PoRESR toateundeienciiifes By frek bRl el o T @S Tl may be
kernel i lfydifei@st dige ,F! Gs. 3A and 3B. The green Kkernel will be used
during edge detection and in the calculation of the correction

Eieli ol ¢ ol or 8078) NGRhedit A, vk fed i 8ISt A BRBLTIA Bl b by BitBgreen
cal cul at g(fehg@ d‘iL"' Hsﬁﬁ t8 He&éﬁﬁ?\e'[ag% eg;{ﬁ@éNjgﬁ(?cﬁ)& efﬂébaﬁ{esm?%?{- B&%J,; tg{elgalions are

may be erent size. In step 711, ust In

FIG 7, thrRuldequihatas7iir Bashyd likeee, §eeanl 1kannskatedl wsklS, Mpare the four
determ ne an edge direction. The values of four edge directions are

cal cul at edrdctiossdpr wiich Bdgh édirdctionsakniatiorenate ione. | Thestematisding dashed
FIG 4, are the four directions for which edge direction

cal cul at Lioes aae endippeemplaryfortss ih g2laulaiag theifaus edge divaclionvalypsarkhe

for- use in calculati e four edge direction ues. The sum of

each dasBE PF Fach dedthd ke tetrirolE & S ol et 39 Bout, 12

gl | +g12+g13 :
51=gll+g12+g13
$2=g21+g22+g23
S$3=g31+g32+g33;
Sd=g11+g21+g31;

S5-g12+g22+g32;

S6=g13+g23+g33; ’ (3)
S7=g21+gl1+gl2;
S8=g13+g22+g31;
S9=g23+g32+g33;

S10=g21+g31+g32;

S11=gl1+g22+g33; and

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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S2=g21+g22+g23 S3=g31+g32+g33; S4=gl| +g21+g31; S5=gl2+g22+g32;
S6=g13+g286g86r/078Be S7=g21+gl | +gl 2; S8=g13+g22+g31; SLCTAB2gBD+5188;
S10=g21+g31+g32; Sl1l1= gll +g22+g33;and S12=gl 2+gl 3+g23. [0030] The
edge direction value DIRx, where "DIR'" is the value and "x" is the
direction line nunber, is calculated for each of the direction |lines
2, 5 8, and 11. The follow ng set of equations (4) are used to
cal cul ate the four edge direction values: 10 WO 2007/078912
PCT/ US2006/ 048200 DI R% = max(l SI-S21, 1 S2-S31); D Rs = max(l
$4-S61, 1 SS-SGlrﬂRpggﬁgmgsqgﬁﬁ;§§L53@;88-89 7™and (4) DIRn =
max(l S10-S111, | S11-S121). The direction having{the greatest DR
value is determ tQ be d Lrection. and|is determned in
step 711. [0031] Eﬁ@‘if"?ﬁ"@?’%’?ﬁi&%(}étrated in FIG 7, it is
determned if pixel 45 under%?iqg Brocessing IS n. If the pixel
45 is not green, DIRs strapx(483-S8l: 19859 Dpandni ned whet her the edd#)
direction was in the direction of line 2 (horizonf{al) in

DiIRn = max(1510-S111, 1511-8121).

The direction having the greatest DIR value is determined to be the edge direction

and is determined in step 711.

[0031] Next in step 713 illustrated in FIG. 7, it is determined if pixel 45
undergoing processing is green. If the pixel 45 is not green, in step 713, itis
determined whether the edge direction was in the direction of line 2 (horizo.ntal) in
step 714, If the edge direction was hqrizontal, £22 is recalculated to a.ccount 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 direc@on 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 for 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:

11



step 714. If the edge direction was horizontal, g22 is recal cul ated

t 0 accounwof0stBez edge direction, illustrated i n FlI G pgBusisgovabole
of g22 is recal cul ated using the equation g22=(g21+g23)/2. If in
step 714, the edge direction is not horizontal, it is next

determned if the edge direction was in the direction of line 5
(vertical) in step 715. If the direction was determned to be in
vertical direction the pixel value of g22 is recalculated using the
equation g22-(9g12+g32)/2. However, if in step 715 the edge direction
was not verti calpy, Lhe val.ue of g22 remai nsTunghanged in step 719. |f
in step 713 thJDEiQEangg’deternined to be green, the value of g22
remai ns unchanged. [gp3ﬁ¥ Next, in order to defermne if an edge is
present for proc 35d %5 & 45, difference values are cal cul at ed
bet ween pairs of the sane color pixels for all|of the pixels that
maybe used in callbs BR&Myithe i nterpol ated val hes. In step 723 (%)
processed pixel 45 is green, the difference va s are calculated in

step 725 accordphpg jpg,-pgyati on set (5) bel ow 2007/ 078912

PCT/ US2006/ 048200 Dt = 1 P54-P36 1; Dz =1 P4p-P47 | ; D3=

P35- P571; (5) q;l)z___l gP_ 661y Ds =1 Pss-P37 |.; and D6 = |
P6ed-Pa61. 11 it P& d&FEr mHadin step 723 that|the processed pixel 45

is not green, the difference values are calculated in step 727
according to equaérdFesBsl(6) below DI =1 P54-P36 1; D2 = |
P56- P341; —

If it is determined in step 723 that the processed pixel 45 is not green, the difference

values are calculated in step 727 according to equation set (6) below:

D= |P§4-P35 i;' \

D2 = | Pss-Paul;

Ds= |Pu-Pul; ®)
Ds = | Pss-Pssl; ' E:::——

Ds = | Pss-Pasl; '

Ds= |Pss-Parl; and

Dy = | Ps-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 ... D) > Edge Threshold. V3]

I 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.

12



Ds = | P46-P441; (6) D4 =1 Pss-Pas | ; D5 = 1| P45-P43 1; D6 = |
P4s- PA71;,wermdo7/8912 | P45-P6s 1. In step 729, it is det ecmuseehs/048200
whet her the maxi mum di fference val ue anong the «calculated difference
values is greater than a predeterm ned edge threshold value using an
equation (7): MAX (Di ... D>») > Edge Threshold. (7) If the maximum
difference value is less than the threshold, no edge is identified as
present (step 731), however, if the maxi numdifference value is
greater than the threshold, an edge is identified as present (step

.

733). The t t i i bRRIFRER il i
set based oOn a]t}ggre'%?%%(rise e?égﬁg?gtfg %b%é%%ﬁ?\ggéﬁ 'ﬁrb&es@éd pixel
PCT/ US208651s(A8eR01f hitfeested! pixBbiR e ekbs, itaites V84 aicigistheget (@%f dqualtidns is
again determned if processed pixel 45 is green. If processed pi xel

45 i s gresen td calsulafed/8@ iataipolitedget, gREnchdduatiaduss ofpixesdbl The
calculated the interpolated red, green and blue values of pixel 45.

The ei gtightiseet (BByf urteipuletionequpbBangipiat i ons is: R4s=(P3s+ Pss +

P37 + P57)/4; 845=(P44 + P46'+P66 +P64)/ 4; (8)

(A5=( P45+PA4&Ps 4§83 Pts4. Pswir et RGY/4; Gas, and s dre the red, green

and blue interpol ated values for-processed pijxel 45. Note that even

t hough pixel 454g4s reenppi %P? value is terpol ated ughng
t he act ual senseBdF\fgf%eﬁg?P%g)f?gm\ﬂe as the dctual val ues of @?her

green pi xel Ge=(Pis+PirtPsttPag)/d,

where Res, Gas, and Bssare the red, green and blue interpolated 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 Pssas 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+ Pse¢ + Pas + Ps4)/4; ™
Bas=(Pas + Psz +Par +Pes)/4; and >_ 9

Guas=(Pas+Pas+Puis+Pss)/4,

: -
where Res, Gas, and Besare 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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around it. [0034] If in step 735 it is determ ned that processed
pi xel 45 WO e¥078412en, in step 741 it is determ ned if POTASRESH48200
pi xel 45 is blue. If processed 45 is blue, a ninth (9) set of
equations is used to calculate the red, green and bl ue val ues of
pi xel 45 in step 747. The ninth set of equations interpolation is:
R45=( P56+ Ps4 + P36 + P34)/4; BA5=(P4s + P43 +P47 +P6s)/4; and (9)
A5=(P44+P35+P46+Pss)/ 4, where R43, (A5, and B4s are the red, green
and blue interpol ated values for pixel 45. If in step 741, processed
pi xel 45The teeth ¥t inRiri6latidbn dduatieéisdnd a tenth (10) set of
equations is used to calculate e red, green and bl ue val ues of
pi xel 45 in stepg ¥¥)290¥/078912 PCT/ US2006/ 048200 The tenth
set of interpolatl equailohs FL* Ras (P4s + Pap +P47 +P6s)/ 4; .

. B4$- (Ps6+ P54 + P36 + P34)/4); and (10) GA5=(P§4+P3s+P46+Pss)/ 4,
where R45, Gas, ‘BdPmadsardsehBu)él angr een and bhue i nt er pol at &)
val ues for pixel 45, [0035] If an edge was detefted in step 729 and
processed pi xel Go=(BughedhaPE)gep 737, the interpolation val ues of
the red, green and bl ue val ues of pixel 45 are al cul ated usi ng an

el event hyfeky m@g@faﬂﬂ@%ﬁg}%xeﬁhgﬁA & dm@%&?:gﬁét@a%?&éﬁar%em

equations is: (P3s +
Pa6)/ 2+DELTY8‘B¥§ Ifand ége Q'vas %déﬁecgecf in step 729 and processed pixel 45 is green in step

737, the interpolation values of the red, green and blue values of pixel 45 are

calculated using an eleventh (11) set of equations. The eleventh set of interpolation

equations is:
Rus=(Pss-+ Pss)/2 + DELT A
Bus=(Pa + Pus)/2+ DELT Asiue; and (1
Gus=g22,

where Res, Gus, and Bssare the red, green and blue interpolated values for pixel 45
and DELTAtiw. and DELTAre are correction terms. The values of DELT Aswe and
DELTA«rq 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 DELT Azt = 0 and if the edge direction is determine to be vertical
line 5 direction, DELTAbwe = 0 and DELT Ared = g22-(g12+g32)/2. Lastly, if the edge
direction is determined to be in a diagonal direction 11 or 8, DELT Abiue = g22-
(g21+g23)/2 and DELTAra = 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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where R45, (4s, and B4s are the red, green and blue interpol ated
val ues fowvopoocal7sadd and DELTAbnme and DELTA, ed are corr e¢triysnodc@idrse
The val ues of DELTAbne and DELTA, ed are cal cul ated based on which
direction the edge was determned to be in step 711. If the edge
direction is in the horizontal line 2 direction, DELTAbne = g22-
(921+9g23)/2 and DELTAeed = 0 and if the edge direction is det erm ne
to be vertical Iline 5 direction, DELTAbne 0 and DELTA ed =
g22-(9g12+g32)/2. Lastly, if the edge di rectl on determ ned to be
in a diagonal diReePeanPshi B +Pss %mmwea— g22- (921+923)/2 and
DELTAVed = g22-(gl2+832)/2. [0036] in step 737 ijt is determ ned
that processed pxa’.. iS not green, in step 745Ny is determ.ned

if the processeg'%‘&f;-iqf(ﬁe,‘I%é1 is blue. If processed piXfel 45 is blﬁg?
twelfth (12) set_of equations is equations is used{in step 751 to

cal cul ate the réaﬁs“g%’veen and blue interpolation values. The twelfth
set of interpolation equations is: 14 WO 2007/0 12

PCT/ US20668:B2)Cus, Ras-R:Pite hzded, PafriaritBdluednterbblatél 6aludd4or Bhisl 45
and (12) (A5=g22, where Ras, (45, and B4s are the red, green and

bl ue int e"rcbmw@?@e\ﬁsﬁ LEBETou inptalellatsl using the equahoa oL DELT ApBa- | s

cal cul at the .on DELTArea = g22- (9ll+9g13+g31+g33)/4.

in step (%i% J%Lg%:gﬂ ig shep 745, rﬂi’PC%ﬂsﬁé Pié‘fltq"ﬁ lﬁtféérbg ,(altg;rte@'gh (13)
of equat reen bl.ue aI ues for
red pr océeeggJ ggqﬁgﬁ§§§1 °sfaé‘p'“§5‘*3 eﬁ? gﬁ fa’ﬁl%‘é?lu(?? or red processed

:? Zt er gol gﬁ‘gpﬁ %1 Ed?g?as _'251§e tBAREhOG bt EdriolRabn bidkibing ¢ DELTALME;

Bas=(Pse+ Ps4 -+ Pas + Pas)/4 + DELT Abiue;

Rss=Ps5; and ' (13)
Gas=g22,

where Ris, Gss, and Bss are the red, green and blue interpolated values for pixel 45
and the value of DELTAsieis calculated using the equation DELT Abie = 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 interpolated 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 baseci onnot OI‘LIY. the sensed values obtained but also whether a
processed pixel is at an image edge. Accorclmg to the invention, the imbalance
between sensed values and mterpolated values is removed 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 colummns, including a region 510 with, for example, two green pixels (G), one
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where R4s, (45, and B4s are the red, green and bl ue interpol ated

val ues f owopool7ssi2 and the val ue of DELTADbl ue is cal cecatusdooe®isagn
t he equation DELTAbiue = g22- (gll+g13+g31+833)/4). The DELTA
correction values for the' red and blue pixels are based on the edge
direction and the green three by three interpolated kernel. [0037] As
descri bed, the invention provides a new and novel system and net hod
for color plane interpolation, in which interpol ated val ues for
green, red and blue are calculated based on not only the sensed

val ues objal P%l@%}t aﬁh%ﬂme%at%rﬁl ®) a?f&%ﬁlsiﬁ% B et]\:;\éeﬁeﬁt. Pk B each -

edge. Accordtfng t he 1 nvent t'he 1 mbal ance en sens val ues

and i nt eipal it Aeayy BO3IRFe Alf thQTENVGL abihd ines BRleAy Rowidect tidks 835,10 the
each of the colors: Further, edge detection and correction terns are

uti|i zedpixelsofieattveclbinn arergeleftivaip gatpuidesresp@otté colunn select lines 520,
il lustrates a block diagramof a CMOS imager integrated circuit (10

500 havi ng @oBoFFhe %Wné%?%tsﬁiéég?gl divdied b&éllg;maf[rﬁ% ?%’:rS in response

arranged inro and colums, inc a region

exanpl e, t& vowHdrResPiecider(330, THrecoldmnNRl&@ UiAked BBI ke selectively activated by
PCT/ US2006/ 048200 bl ue pixel (B), and one red pixel (R) arranged in a

Bayer pattelumnieieqpdxBdSirofespanke to colamn addresaylec08enb4).aThe pixeheray
on at the sane tinme_by row select |ines 515, and the pixels of each

col urm aPe> sepBeRtvEbY thatisunannd coneel Araiteb sk EBEqls PAdrES0.
0039] T | i 5 | ectively activat b ' .
525 1 h 1 Sepone SBoH R REE BecnRipbEas POt ane AL ER s e poisl signal
520 are §g&g@hj_vel y activated by a colum selector 535 in response

to colum address decoder 540. The pixel array 505 is operated by

e LT3 Rl BBt e b s L S R S SES S v
signal %ﬁadaoﬂ&el imagé signal (Vsg), are read by a sample and hold circuit 550 associated
with the column selector 535. A differential signal (Vest — Viig} 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
III.EﬂZ;Od 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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[ 0040] The pixel columm signals, which typically include a pixel
reset sigmel2qX7edy and a pi xel image signal (Vag), arecramdooepisaos
sanple and hold circuit 550 associated w th the colum sel ector 535.
A differential signal (Vrst - Vstg) is produced by differential
anplifier 555 for each pixel that is anplified and digitized by

anal og-to- digital converter 570 (ADC). The anal og-to-digital
converter 570 supplies the digitized pixel signals to an inmage
processor 575, which perforns the processing method 700 of the

| vent | Oen kel dEllon I AAEIBLACEAROE, 248 AN BNLANE Seerhiragier

filein arawformat as receiv ro e’ ahal og-

570  whi g i . ed iin gF .
vent 1 on by e e etk PR et nro o AU AE I PRERE a8 prifessor o7s n

syst em wWilhe iinkgert de¢ige 805 piBdicies dtogeeszel itrige 1, @ie¥aleAtibA)ahn
whi ch, the pixels signals are interpolated according to the present
i nvent i operforimddusy thetpmdcgssieg aydtgme00B00 in FIG 6. The imager

devi ce 605 produces an output inmage fromsignals supplied fromthe

i xel arra ' I, M
p ymo&zp%’é@ﬁ% (2R 600, suRk R @sﬂsga_teresy%béﬁ,% SERIP(b Binerally

t he out put of a ) gei device. Wthout erng’limting,

syst em caoihprises|aickrtenl propssiig Gyt (EPLT)GA0R{dr syaisie) a nHefIpretessor, that
machi ne vi sion system nmnedical sensor system (such as nedical pill 16
WD 2007/ eggorrniety wihcosirgueaspus &/@% deyicedld avier arhnts 629. The imager

di agnostic system_and other imaging, systens, all of which can ..
utilize fiﬁgl‘iﬁr@é‘#o Fﬂmwa&smﬁh%mﬁswwlfb%@q agEes corBREptcation

575 in the i er devige 5 ovi-des.a .br ssed i i I
Pnvent i ol TR oS TraaeY yRie R T Bl L R AR RS Ry &
Pr 0Cess0k28Y5ie R fhiuds Egm%%aﬁle%ﬁﬁiﬂr?resﬁ)’%MS f184h < which also
generally 'conprises a central processing unit (CPU) 610, for
exanpl e, conihahidat@cwithtthe CPEE10 over the bus 620. The imaging device 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.

{q043] 'I‘he 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, Additic;nally, 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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comuni cates with an input/output (1/0) device 615 over a bus 620.
The | magevo 200507892605 al so communi cates with the syst erCTAUSZ00b432@20
or other communication |ink. The processor-based system 600 al so

i ncl udes random access nenory (RAM 625, and can include renovable
menory 630, such as flash nmenory, which also comunicates with the
CPU 610 over the'bus 620. The inmaging device 600 may be conbi ned
with a processor, such as a CPU, digital signal processor, or

m croprocessor, with or without nmenory storage on a single integrated

f‘nLZﬁ:t | ofterdhadabene Seranaly s Shsel BIBERRERhmdiRa ikeiitey pgpsed in
CraBL. o R TR 0, RGP 0T BTl e e,

transms %&%ch? &@%&v@ﬁé&rfptﬁir?an& Bfawirs 428 iy & beoh¥idbed illustrative

associ ated processor which receives and processes an inmage file in
accor danggapidkBniglary an@idigenewHile agiiecestidlgatmel atidmmmamtages of the
enbodied in a circuit or a conbinatton thereof. Additionally, the

i nvent i oinwentidre Anyphedifitatibrest thepiregpnit inventiax wdtich gomws mwidhia the spirit
applications or it.my used on itséh(g‘m. The ipvention is not limted

to the candisePPaedi liping cladms baepnaidere tof She xention.

i npl ted j . i,er ., i Kk in.th t. .
shout o bAribreledtiftentsh i ReLDR SR ob sl Finited B 1 ferkgoing
f h . p o 1 i k1. .
scope. of TREPHoh SRS, il SR Phkile By ¥ Sodieolellpbeda clatm.

equations or use of the correction terns 17 WO 2007/ 078912

PCT/ US2006/ 048200 descri bed above. Specifically, for exanple, other
surroundi ng pi xel s may be used in calculating the interpol ated

val ues instead or in addition to those discussed herein. As such,

t he above description and drawi ngs are only to be consi dered
illustrative
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of an exenpl ary enbodi nent whi ch achi eves the features and advant ages
of the invention. Any nodification of the present invention which
cones within the spirit and scope of the follow ng clains should be
considered part of the invention. Accordingly, the invention is not
to be considered as being limted by the foregoing description and
drawi ngs, but is only limted by the scope of the appended cl ai ns.

18 CLAIMS 1. A nethod of color planeal rpol ati on for inage pixels,
said nethod conprising the steps of: selecting a pixel for
processing; formng a kernel of neighboring pixels associated with

sai d sel ected pixel; t er g ni ng, whet her,sai d. sel ected pixel is at
2n edge vi thin bn 2 mOBOERER DRE SepRsinDr tof BREGEBeR: he

di recti onaRf mefRdedasrigidge st@lsesrt ed froma group conpri sing

hori zontal, vertical 'and Tirst 'and second diagonal edge directions;
and generating a value for said selected pixel for each of color of a
col or patt éelactiesedixeh feargirdceseinghbor i ng pi xel s, whet her said
selected pixel is at said edge and the direction of said edge. 2.

The method of claiml . furth conpri sing an act..of ..cal cul.ating
pixel - val uedBng adetng! o vofEHba e Bhicl: ARafRisf B haig Rl

pi xel spikpl; sai d kernel and determ ning said edge direction using said
cal cul'at ed kernel pixel values of one color. 3. The nethod of claim
2, further conprising recalculating at |east one pixel value in said
ker nel basedetermiangiwhethsr sridedlostigepixel is at an edge within an

image and the direction of such edge, the direction of the edge being
selected from a group comprising horizontal, vertical and first and second

diagonal edge directions; 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 an 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. The method 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 is a

Bayer pattern.

5.  The method of claim 2, wherein said one color is green.
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direction. 4. The method of claim1l, wherein said color pattern is a
Bayer pattern. 5. The nmethod of claim2, wherein said one color is
green. 19 6. The nethod of claim3, wherein said recalculating said
at |least one kernel value is perforned only if the edge direction is
determ ned to be horizontal or vertical. 7. The nethod of claim1,
wherein said determ ning whether said selected pixel is at an edge

within an i mages.conphé firtiodost taihds, wherdinf Jad fRRERUKAINGAIIDAL Ween
different pairs of pixels of a sane color; and conparing a |argest

di f f er encleast@ng&ernel yalwedspedomierbonly ifithesidge direetioreis 8. The net hod
of claim wherein said pairs of .pixels may include said pixel. 9.
A col or i 3%6‘5@/%%6051?@1@0‘?%’6%‘%‘%3i ng array of image pixel
sensors, said device conprising: a first plurality of imge pixel

sensors that are USEkk hRIHYASIUESm $ORRGEINVAId8StcRhingnd Whethegol Or; a
second plurality of inmage pixel sensors that are used to produce

sensed valaibseledtedipiet et ancddge within hiimagd coraprises: of i mage pi xel
sensors that are used to produce sensed values of a third color;

| nterpol ation megng. f ahe S inS sluSTORR e NeteientPairs bF pixelS ' ©©' "

of a same color; and

comparing a 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 pixel
kernel, including a selected pixel and neighboring pixels, for said first
color, determining whether an edge is present for said selected pixel using

said first set of pixel values and calculating interpolation values for said

20



determne a first set of pixel values for a plurality of inmage pixels
in a pixel kernel, including a selected pixel and nei ghboring

pi xels, for said first color, determ ning whether an edge is present
for said selected pixel using said first set of pixel values and
calculating interpolation values for said 20 first, second and third
colors of said selected pixel based on said first set of pixe

val ues, fild€iseéter dndth el dis @R daidReRIGE pHkd1VabdOohn s4i Firthi e€6t 1 on of
the edge being selected froma group conprising horizontal, vertical

and fi rpsxel vaheess neighborigpicr bl anddgecdgierdésciionshe divdetimrantheor

creating, a,representative i mage using interpolated val ue of said

first, %Igﬁéﬁapga%%ecﬁﬂaﬁﬂmc%g’éﬂ“g’.cofﬁm ?fb?og‘f(ali mpﬂgange@iske of claim

9, vvheragl' %.eé&}cﬂdiak%eﬂreﬁgégiﬂe&’i‘od’é?ﬁﬂé further determ nes whether said
e sal

sel ected pix I s~ at edge. "11. The col or imagi ng devi ce of
claim 10, wherein at |east one value of said pixel kernel is
recal cul at ethdaas éot wpatsey alreulegentadive émbgensibgfitemadaed valteer pol at i on

val ues e. cal cul at ed. . ,Jhe color imaging device of claim9,
wher ei rp%rsqé}ddgﬁfsﬁémn‘g@}‘ﬁéﬂdi@?%?gt hree by three kernel of pixels. 13.
The col or imagi ng device of claim 10, wherein said edge directions

are cal cul atedjias fpld Qusy 1@@@2%?9@5%%1@?@&%5%& gl 1S2-S31);

D Rverticat = max(| S4-Sh1, agonau = max(| S7-S81,
| S8- S91) ;intngblatbbiReicagofiattzr detepX(eS Whefhed shidlsklectsd pikeSsk2l) ,

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 follows:

DIRhorizontal = max([S 1-SZ|, |82_S3|)5

DIR yerticat = max{|S4-S5|, |S5-S6|);
DIR giagonan = max(|S7-S8§|, |S8-89]); and
DIRgiagonarr = max(|S10-S11], [S11-S12)),
where S1, S2, 83, §4, §5, 86, S7, S8, 89, S10, S11 and S12 are calculated as follows:
S1=gll+gl2+gl3

§2=g21+22+¢23
21



where Si, S2, S3, S4, S5, S6, S7, S8, S9, 510, 511 and S12 are
calculated as follows: Sl= gl 1+gl12+gl3 S2=g21+g22+g23 21
S3=g31+g32+g33; S4=gl| +g21+g31; Sb=gl1l2+g22+9g32; S6=9g13+g23+g33;
S7=g21+gl | +g12; S8=g13+g22+g31; S9=g23+g32+g33; S10=g21+g31+g32;
S11= gl | +g22+g33; and S12=g12+g13+g23, using said kernel where gl 1,
gl2, and g13 are the pixel values of the first row of said kernel,
g21, 922, and g23 are the pixel values of the second row of said
kernel and g31, S&&3+g32dgd33 are the pixel values of the third row
of the kernel and wherein said edge direction is the direction

havi ng the greatgst +o3f. The col or imaging device of claim§9,
wherein said edgg i%ygcégtqegég’d by calculating difference val ues of

nei ghbori ng pi xels and corrgari ng a maxi num di fference value to an
edge threshol d. $57ghdwke 25 i magi ng device of claim 14, wherein
said difference values are calculated as foll ows when said sel ected

pi xel is green: Sg)ng:3+lé§>g+ggg,Px, y+21;
S7=g21+gll+gl2;
S8=gl13+g22+g31;
S9=g23+g32+g33;
S10=g21+g31+g32;
S11=gl1+g22+g33; and
S12=g12+g13+g23,

using said kernel where gl1, gl2, 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:

Dy = [Pys1, y+1-Pyer, y+1l;

D2 = [Px, ¥ "Px, y+2|;
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22 D3 = IPx-1, y-Px+1, y+21; D4 = |IPx, y-1-Px+2, y+11; Ds =Px+l,
y-Px-1, y+21; and D6 = IPx+2, Y-1-Pl, y+111 where P,, Y is the

sel ected 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 selected pixel Px, Y. 16. The
color imagi ng device of claim 14, wherein said difference values are
cal cul ated as follows when said selected pixel is red or blue: D1

=I Px+1, y+|-Px- 1D 7l PP hx+1, y+l-Px-1, y-11; D3 = IPx, Y+l -Px,
Y- 11; D4 = I Px+1l, Y Px 1, YI; D5 =1Px, Y -P" y-21; D6 = IPx, y-P

X, y+21 and D7 —..,.I EPX+2 Y, where Px, y is the selected pixel
and the "x" rel afés t’byi E*P8% in which the pixel is relative to the
sel ected p| xel P,, Y and "y" relates to the colum in which the

pixel is relatives FdPi+h1@-P&eJye1£,t€éﬂd1 pi xel P,, y. 17. The col or imaging
devi ce of clai nﬁ ﬁherel said three by three kernel is
cal cul at ed, whe éall X+E)|Y‘>k xyte green, as follows: 23 gl 1=Px_1

where P, , is the selected pixel 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 Py ,.

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

red or blue:

Dy =] Px+1,y+1'Px-1,y+1|5
D2 = [Pyst, yr1-Pxet, 15

Dy =[Py, y+[“‘Px, g-1l5

Dy = |Pyst, yPet, yls

Ds =Py, vPx, y-21;

Dg = |Py, v P x y+2|§ and

D7 = |Px y'Px+2 y|=

where P, , is the selected pixel and the

[$3 ‘)3

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

column in which the pixel is relative to the selected pixel Py ,.

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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g 12=MeEDI AN(PX 2, vy, Px-1, y-t, Px, vy, Px, y+i); gl3 = Px_t, y+1;
g21= MEDI AN( Px+t, y+t, Px, y+2, Px, vy, Px-1, y+t); g22=Px, y; g23=
MVEDI AN( Px+t, y+t, Px+2, vy, Px, y, Px+t, y-t); g31=Px+t, y-t; g32=
MEDI AN(Px, y-2i Px-t, y-t, Px, y, Px+t, y-1); and g33= Px+t, y+t,
where Px, y is the selected pixel and the "x" relates to the rowin
which the pixel is relative to the selected pixel P,, , and "y"
relates to the colg{ pl.n V\hlch the pixel is relative to the selected
pi xel P,, y. 18. The cof6r magi ng deV| ce of claim12, wherein said

three by three ker | at pi xel is red or blue,
as foll ows: %&%&pr iry’%g‘ g Xy’Sﬂa;‘f“)Px-l, y, Px, y-1); ¢
| 2= Px-1, vy; g I3 _é\{léE[ﬁN(Px 2, y+1, Px-t, y+2, Px-t, y, Px, y+l);

g21= Px, Y- 1; g22 MNCPx, Y-1, Px-1, Y, Px+1, Y, Px, y+1); g23=

Px+t, y+1; gB 1= MEDLAI F2, y-t, , YR, Px+2, y-1);
g32= Px+t, y; and g% Nﬁ%ﬁtﬁ%@f” Vll?tj)x Yﬁxkly’%zx“ X+t, Yy, Px+2,
y+1l), 24 where P,, IS the selected pixel and the "x" relates to

the row in which pExel is relative to the selected pixel P,, vy

and "y" relates to the
y g2@= IVIEDIAN(P,(+|, y+1s Px+2, NE Px, VE Px+i, y-l);

g3 1:Px+l, y-l;
g32m IV{EDIAN(PX ¥-25 Px—l, yels Px, ¥ Px+l, y-l); and
g33: Px+l, yt+l,

6,07

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

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

column in which the pixel is relative to the selected pixel Py ,.

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:

gl1= MEDIAN(P .1 y.2, Px2 y-1o Px1, y Px y-1);
gl2=P, 1,y

g13= MEDIAN(P 3, y+1, Px1,y+2, P,y Px y+1)3
g21=Py y.1;

g22= MEDIAN(P, y-1, Pxt,y> Pit1, y» Px y+1);
£23= Pysy, y+15

g31= MEDIAN(P 41, y2, P y-1s Py, y415 Pt v-1)
£32= Py, ys and

g33= MEDIAN(P, y+bs Pxtt, yi2s Pl yo Praa, y+l)7
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columm in which the pixel is relative to the selected pixel Px, y.
19. The color imaging device of claim9, wherein said calcul ated
i nterpol ation values for said first, second and third colors of said
sel ected pixel are calculated as foll ows when said selected pixel is
green and no edge is present: R, r (Px-1, y+ P.+ 1, y + Px-1, y+2 +
Px+1, y+2)/4; Bx, (Px, y-1 + Px, y+1 +Px+2, y+1 +Px+2, y-0/4; and
&, Y ( Pxvhete PRX is me%tf’eéfeh, lxalatmhé“xwemt/eglto MRebe Bvhikhi s the _
sel ect ed pi xel *dnd the "x" reI ates to the rowin which the pixel is
rel ative thopixebisselativeda thy sedéctdkpixgl B,n;iaﬂcy“yh@ﬂzacsew the the colum
in which t Lxel .iis. relative,to the select P,, y. 20. The
ol or | meGNED duhis e Perelin e Niaiaias FISGr APk Powt ot o
interpolation values for said first, second and third colors of said
sel ect ed pi xeljoar e Rl Sihad t,ﬁa%é(@gdé‘ggé fo\@aﬁﬁlgnwﬁ@feqin sghected pixel is
bl ue and no edge is present y+1 + Px+1, y-1 + Px-1, y+1
+ Px-1, yaloulated nﬁa:rpolat(oﬁbwah‘nés-fomzdﬁfs’aﬂdémndym@tthi(&(ﬂprsy()ﬂ 4; and X,
(Px. Y-1 + Px-1 y+1+Px y)/ 4, ere Px, y.is . the
sel ect ed Sﬁ}@@leWMEbweﬁaqu&tﬁd @%%QII@WSH@%W@ selgrted Rixe i pi xel s
rel ative | Px, y and "y" relates to the colum
in which éﬁer{é}?&z E&éetﬁgllr eiﬁge to the selected pixel Px, y. 25 21.
The col or imagi ng device of claim9, wherein said calculated
interpolation values for said first, second and third colors of said
sel ected pixel aReyc@kourtaledy dLxfiokt bRsrmhafssai d sel ected pixel is

Bx, yz(Px, y-1 + Px, y+1 +Px+2, y+1 +Px+2, y-l)/4; and

Gx, y=(Px, y +Px, y+2+Px+l s y—1+Px-1 s y+l)/4s

where Py , 15 the selected pixel and the “x” relates to the row in which

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

column in which the pixel is relative to the selected pixel P,

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, yz(PxH, y+l1 + Px+1, y-1 + Px—!, y+l1 + Px~1, y-l)/4;

Bx, )':(Px, y + Px, y-2+ Px, y+2 +Px+2, y)/4; and

Gx, yz(Px, y-1 + Px-l, y + Px, y+1+Px+i, y)/4:

L1

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

[{ 3]

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 Py ,.
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red and no edge is present: Bx, v (Px+1, y+1 + Px+1, y-t + Px-1, y+1
+ Px-1, y-t)/4; Rx, r (Px, y + Px, y-2 + Px, y+2 +Px+2, y)/4; and
Gk, Y (Px, y-1 + Px-1, y + Px, y+1+Px+1, y)/4, where Px, y is the

sel ected pixel and the "x" relates to the rowin which the pixel is
relative to the selected pixel P, y and "y" relates to the colum in
which the pixel is relative to the selected pixel Px, y. 22. The

col or imagi ng gevi cehedéolst ﬁiild(?ilgg d¥iee 8f BlafiRiod whesdg Yaiat ed _
i nterpolation values for said first, second and third colors of said
sel ect ed qlowddted rderpaladiginatabubsdeor §atl fosts savioad asditldrdedloct @ pi xel is

green and dge, i s present: R, Px-1 + Px+1, y)/ 2. + DELTAred;
Bx, Y (Pﬁ?@s—eiecgeﬁl?‘egﬂff)%g’ﬂlm?%A}é?léjé‘fs whet sait :séﬁct@é@}x re g22,
and corr [ : ed and DELTAbl"e are cal cul ated based on
sai d kerﬁg %ggpégggghﬁﬁté Px, y is the selected pixel and the "x"
relates to the rowin which the pixel is relative to the selected

pi xel Px, y and "y" relates to the_colum_in whjch the pixel is
relative to the gelﬁé@m‘dwpﬁ?eﬂﬁ,fPyl,y+2§ Pahe)@l or i magi ng devi ce of
claim9, wherein said calculated interpolation values for said

first, second ang, {#(rd ¢ oL Bf ., 29x+§§'9/d; @] ected pixel are
cal cul ated as fol ['ows When said Selected pixel is blue and an edge

is present: Rx, (P11 Rl ¢t Pyt Pyal)M, Px-1, y+l + Px-1, y-1)/4 +
DELTAed;

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

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

22.  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 1s

green and an edge is present:

Ry y=(Px1,y T Pyir,y)/2 + DELTA o4;
Bx, y=(Px, y-1 + Px, y+l)/2+ DELTAHUC; and

G, =222,
where g22, and correction terms DELTA, g and DELTAy,. are
calculated based on said kernel values and where P, , is the selected
pixel and the “x” relates to the row in which the pixel is relative to the
selected pixel P , and “y” relates to the column in which the pixel is

relative to the selected pixel Py ,.

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

calculated interpolation values for said first, second and third colors of

26



Bx, r Px, y; and &, y=g22, where g22 and correction term DELTAred

are cal cul ated based on said kernel values and where Px, , is the
sel ected pixel and the "x" relates to the rowin which the pixel is
relative to the selected pixel Px, , and "y" relates to the colum

in which the pixel is relative to the selected pixel Px, y 24. The
color imaging device of claim9, wherein said calcul ated

i nt er pol %id)gaéaédlﬁﬁeil‘afe Gafhhibd 5531*%%&%%&&9&&%%%8 of said

sel ected pi xel are cal cul ated as ows n sald sefected pixel is
red and aedgban sdgy sgeedent:Bx, Y (P, +1, Y+1 + Px+1, Y-1 + P, 1 y+1 +
Px-1, y-1)/4 + DELTAred, Rx, y=Px, y; and &, y=g22, where g22 and

DELTAred are cal cul ated based on said kernel values and where Px, y

is the selected fi xefp and the "x".pel atgspto t 9w TR which the
pixel is relati vg"’tyod]?t"h1 +1selrpgletyéld gi‘@(é*ll PI;(‘,'I’Y,'I)JgﬁJa "y"T)rgFé‘f’at es to the

colum in which the pixel is relative to the selected pixel Px, y.
25. A processi nngyﬁ )efhaélérrpri sing: an inmaging device including an
array of inmage pixel sensors, said device conprising: 27 a first

plurality of inage :p%z(;ejl sensors that are used to produce sensed

val ues of a first ‘¢ofor; a second plurality of inmage pixel sensors
t hat ar e wised gPd apd @edueetion term DELTA, 4 are calculated based on said

kernel values and where Py , 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

Py y.

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+1, y+1 + Px+l, y-1 + P)‘:—1, y+1 + Px-l, y—l)/4 + DELTArch
Ry y=Py y; and

Gy y=g22,
where g22 and DELTA, 4 are calculated based on said kernel values and
where P, , is the selected pixel 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 P, .
25. A processing system comprising:

an imaging device including an array of image pixel sensors, said device
comprising:
27



sensed val ues of a second color; a third plurality of inmage pixel
sensors that are used to produce sensed values of a third color;

i nterpol ation processing circuit for using said sensed val ues of the
first color to determne a first set of pixel values for a plurality
of image pixels in a pixel kernel, including a selected pixel and
nei ghboring pixels, for said first color, determ ning whether an

edge is pregepkt jlﬁfaﬁﬁabpirﬁféeeﬁk@ldsengﬁ%%ﬂlat‘é?é dsteip‘fl?&dcreSt set of

pi xel val ues and cal culating I nterpol ation val ues or said first,
second sanstdthilua of @l firsscalbr;sai d sel ect ed pi xel based on said first
set of pixel values, neighboring pixels and an edge direction of said
sel ected pixel, th ecil.%ga i recti.on bei ng sel ected froma group

conpri si ng AREFIIAGIRENLY QEppagepixelRgneerr dhat pguseddgmiodicSgonal  edge

di rect iQRSq Rfues UIS REISESSIRY system of claim 25, wherein said
i nterpolation processing circuit further deterni nes whether said

selected pixel is at said edge. 27. The processing systemof claim
25, wher ei naghirdl phdglétyi of imagt pinehsadotsthagarsaiseld kepmduceal ues. 28.
The processing systemaf claim?25, wherein at |east one value of
sai d pisgayedialygs|ofjathprd calaty| at ed based on said edge direction. 29.
A nethod of processing a digital color signal conprising the acts

of : 28 obt aLﬁE@%Ia@io %ﬂé@&ﬁﬁ? dffcuitrfgfmﬁﬁg Raffsefisdd! Mg dtnof Pi xel
sensors, the plurality o i xel sensorsS corresponding to applied
| i ght Mirkihcolwemadeetigiins aifitstosre obpixal vaides o ueplanditgo@magpect rum  and
pixels in a pixel kernel, including a selected pixel and neighboring pixels,
for said first color, determining whether an edge is present for said selected
pixel using said first set of pixel values and calculating interpolation values
for said first, second and third colors of said selected pixel based on said
first set of pixel values, neighboring pixels and an edge direction of said

selected pixel, the edge direction being selected from a group comprising

horizontal, vertical and first and second diagonal edge directions.

26.  The processing system of claim 25, wherein said
interpolation processing circuit 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.

28.  The processing system of claim 25, wherein at least one

value of said pixel kernel is recalculated based on said edge direction.

29. A method of processing a digital color signal comprising

the acts of®
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interpolating a red value, a blue value and a green value for each of
said plurality of pixel sensors in a pixel kernel based on edge
detection, an edge direction and correction terns determ ned using
sai d sensed val ues, the edge direction being selected froma group
conprising horizontal, vertical and first and second di agonal edge
directions. 30. The nethod of claim 29, wherein said interpolation of

sai d red, goBRMhiARH sbhdtd VahldREmidath RER L@ARL SBSikelcRhsstkat i ng a
green kernel of i nterpolation val ues using a pixel val ues of

nei ghbdhd piyragite efi ppick s¢nseenesrespouding s applfedsdeghd withur al i ty of pi xel
sensors; er m ni.n ther each of said pixel sensors is at an
edge. gﬁ%ﬂg%ﬁé’flﬁﬂﬁogﬁq%% 3l SIER SRS AR si ng deternining the
edge dlrectlon usi ng said green kernel of interpolation values. 32.

The net hod ﬁfte@b%ﬁg%%d%ﬁfeehrbl@@muéaﬁcpa%fe&%ﬁmoﬁ"ea& ophet her
said pixel is at an edge conprises: calculating difference val ues

bet weenaidipltratignet paek snebrs imeipgtd) deermeg bps@dsirsedg‘e deteion, gol or; and

conpar i he ] argest dif.ference, val ye redet er m ned threshold
val ve. 3&%3%&%@3%9@9 tipR ST A TSTBHNeA YHIé § 19S5 dcEhSt er

instru %& mﬁl}t £ | ane

i nterpoel I~on dif%) grgﬂggcﬁlét attern éTr?Eclﬁ gﬁ{ﬁgﬁ[ e%glzg’%ga?of obt ai ni ng
a senseéniv;alaxﬁiﬁfs@ah@a@dmafdl@gd@iaué@gd dlYedt)ifon@l xel sensors, the
plurality of pixel sensors corresponding to applied Ii ght W th

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 & pixel
values of neighboring green pixel sensors for each of said plurality of pixel

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

31.  The method of claim 29, further comprising determining

the 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

comparing the largest difference value to a predetermined

threshold value.
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wavel engths 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 in a pixel kernel based on edge
detection, an edge direction and correction terns determ ned using
sai d sensed values, the edge direction being selected froma group
conprising horizontal, vertical and first and second di agonal edge

directions. 3433 TheAn®éipueraGtaddbdd Medid forberigk Roffputerl Nt er pol ati on of
said red, green and blue values further conprises: calculating a

green keringuafons ferenabliagiacempiierds pesfiony cplorgllaneainteepolatibn

nei ghbor i reen pixel nsors for each of said plurality of pixel
Sensors; {éﬂa%ﬂg)tr&aﬁfawi%m ,StﬁngiOS- pixel is at an edge for each of
said plurality of pixel sensors. 35. The medi um of claim 34, further

conpri si ng det@ifk AisBAsed MBuSHIM SchFll Mhatis) BOpisal dnghgen kernel of
interpol ation values. 36. The nedi um of cl aim 34, wherein said step

of detles piuniliiy ofipetcheenseni chrpispending tatpplieddige vatnpri ses:
cal cul ating difference val yes between different pairs of neighboring
pi xel s velengthsdn oge ?rﬁﬁﬁgﬁaﬁ‘%%ﬁsﬁ&t‘f‘ﬂﬁ gk gest difference val ue

to a predeterm ned threshold value. 37. A nethod of color plane
ot or i i ng URB oSBTt AU valug b BT Eh B

said plurality of pixel sensors in a pixel kernel based on edge detection, an

edge direction and correction terms determined using said sensed values,

the edge direction being selected from a group comprising horizontal,

vertical and first and second diagonal edge directions.

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 pixel values
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

the 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:

calculating difference values between different pairs of

neighboring pixels of a same color; and
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if said selected pixel is at said edge, determ ning an edge direction
froma group conprising horizontal, vertical and first and second

di agonal edge directions, and cal cul ating pi xel values for each
color of a color pattern based on neighboring pixels using a first
set of parameters corresponding to the edge direction; and if said
selected pixel is at not said edge, calculating pixel values for

each col or of saip&mpali®s tHRALILENIPRIG e 9A1Rab A fIBI&BRRTENY Pi xel s
using a second set of paraneters. 38. The nethod of claim 37,

wher ei fhrsshaldfviehst and second set of paraneters are based on the
color of said selected pixel. 39. The nethod of claim 37, wherein

said col or patiern |s ayer, col or .pattern. 40. The t.had of claim
35, “wher oi n"sat i 14 drdae B pbof BlaaR BT b i FEBFIRNE: b q cet
of par amelLef felifd IngatiRe-xel s, a fourth set of parameters for blue

pi xel s and a fifth set of paraneters for red pixels. 41. The nethod

of claim39, wherein said second set of paraneters is conprised of a
si xth set ofdepamining evhstiarsaigh sedaevtarl Matlsis ahan seegntdgeset of

paranmeters for blue pixels and an eighth set of paraneters for red

pixel's. 31 if said selected pixel is at said edge, determining an edge direction

from a group comprising horizontal, vertical and first and second diagonal
edge directions, and calculating pixel values for each color of a color pattern
based on neighboring pixels using a first set of parameters corresponding to

the edge direction; 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 pattern is 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.

41.  The method of claim 39, wherein said second set of
parameters is comprised of a sixth set of parameters for green pixels, a
seventh set of parameters for blue pixels and an eighth set of parameters

for red pixels.
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