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(57) Abstract: A method of correcting color imbalance in a captured
image includes deriving gradient data from a group of pixels in the cap-
tured image, determining a compensation value based on the gradient
data, and applying that value to at least one pixel. Apparatus for cor-
recting color imbalance includes a digital image processor that corrects
color imbalance, in an image that is output by an image detector, ac-
cording to the method. Each pixel may represent a color from a set of
colors, with one particular color being a selected color, and each pixel
to which the compensation value is applied representing the selected
color. Where the group of pixels forms a rectangular shape, the gradi-
ent data may include horizontal and vertical gradients. The classitying
may be performed according to a visual characteristic of a portion of
the image, where determining the compensation value is based also on
the visual characteristic.
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METHOD AND APPARATUS FOR COMPENSATING
FOR COLOR IMBALANCE IN IMAGE DATA

Cross Reference to Related Application

[0001] This claims the benefit of copending,
commonly-assigned United States Provisional Patent
Application No. 61/925,536, filed January 9, 2014, and
U.S. Application No. 14/580,536, filed December 23,
2014, which are hereby incorporated by reference herein

in their entirety.

Field of Use

[0002] This disclosure relates to the processing of
color image data, and particularly still color image
data, to reduce artifacts that arise as pixel sizes

decrease.

Background

[0003] Image capture devices all areas of consumer
electronics, including digital still and video cameras
(including those incorporated in mobile telephones), PC
cameras, automotive, surveillance, and other
applications, acguire imagery using a charge-coupled
device (CCD) or CMOS sensor, overlaid with a color
filter array (CFA). 1In a standard red-green-blue (RGB)
system, the color filter array is a mosaic of colored
filters arranged so that each sensor pixel measures

only one of the three primary colors (i.e., red, green,
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and blue). One common color filter array pattern is
the Bayer CFA pattern which includes rows of
alternating red and green pixels, interleaved with rows
of alternating blue and green pixels. The red and blue
pixels are arranged on rectangular lattices in their
respective sets of rows, but those lattices are offset
from one another. As a result, the green pixels, which
are located in both sets of rows, are located on a
quincunx lattice, with twice as many pixels as either
the red or blue pixels. There are more green pixels in
this color filter array pattern because the green
spectral response is closer to the luminance response
of human visual system, recording most of the spatial

information that is consequential to perceived image

quality.
[0004] As pixel sizes decrease, there may be
increased crosstalk between neighboring pixels. One

consequence of such crosstalk is so-called "green
imbalance," in which green pixels in the same row as
red pixels have different values than green pixels in
the same row as blue pixels for the same illuminant
level. This can result in a perceptible artifact that
can degrade image quality, particularly in uniform

areas of an image.

summary

[0005] A method of correcting color imbalance in a
captured image includes deriving gradient data from a
group of pixels in the captured image, determining a
compensation value based on the gradient data, and
applying the compensation value to at least one pixel
in the group of pixels.

[0006] In one implementation of such a method, each
pixel in the image represents a color from a set of
colors, one particular color in the set of colors is a

selected color, and each of the at least one pixel to
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which the compensation value is applied represents the
selected color.

[0007] In one variant of that implementation, the
selected color has, among all colors in the set of
colors, the greatest visual response.

[0008] In another variant of that implementation,
the applying includes applying the compensation value
to all pixels of the selected color in the group of
pixels.

[0009] In still another variant of that
implementation, the at least one pixel is a single
pixel of interest, the group of pixels is selected
based on proximity to the single pixel of interest, and
the applying includes applying the compensation value
to only the single pixel of interest.

[0010] In another implementation of such a method,
the group of pixels forms a rectangular shape, and the
gradient data include a horizontal gradient and a
vertical gradient.

[0011] In yet another implementation of such a
method, the group of pixels is in a portion of the
image, and the method further includes classifying the
at least one pixel according to a visual characteristic
of the portion of the image, where the determining a
compensation value is based also on the visual
characteristic.

[0012] In a variant of that implementation, the
visual characteristic is selected from the group
consisting of vertical edge, horizontal edge, busy area
and non-edge area.

[0013] A method of correcting color imbalance in a
captured image, where each pixel in the captured image
represents a color from a set of colors, and one
particular color in the set of colors is a selected
color, includes, for every individual pixel in the
image representing the selected color, deriving

horizontal and vertical gradient data from a group of
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pixels surrounding the individual pixel where the group
of pixels is in a portion of the image, classifying the
individual pixel according to a visual characteristic
of the portion of the image, determining a compensation
value based on the gradient data and the wvisual
characteristic, and applying the compensation value to
the individual pixel.

[0014] An implementation of that method further
includes, after carrying out the deriving, the
classifying, the determining and the applying on every
individual pixel in the image representing the selected
color, carrying out a demosaic operation on the image.
[0015] Image processing apparatus includes a digital
image processor that corrects color imbalance in an
image that is output by an image detector, by deriving
gradient data from a group of pixels in the image,
determining a compensation value based on the gradient
data, and applying the compensation value to at least
one pixel in the group of pixels.

[0016] In one implementation of that apparatus, each
pixel in the image represents a color from a set of
colors, one particular color in the set of colors is a
selected color, and each of the at least one pixel to
which the compensation value is applied represents the
selected color.

[0017] In a variant of that implementation, the
selected color has, among all colors in the set of
colors, the greatest visual response.

[0018] In another variant of that implementation,
the applying comprises applying the compensation value
to all pixels of the selected color in the group of
pixels.

[0019] In yet another variant of that
implementation, the at least one pixel is a single
pixel of interest, the group of pixels is selected

based on proximity to the single pixel of interest, and
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the applying comprises applying the compensation value
to only the single pixel of interest.

[0020] In another implementation of the apparatus,
the group of pixels forms a rectangular shape, and the
gradient data include a horizontal gradient and a
vertical gradient.

[0021] In yet another implementation of the
apparatus, the group of pixels is in a portion of the
image, and the digital image processor corrects color
imbalance in the image, by further classifying the at
least one pixel according to a visual characteristic of
the portion of the image, where the determining is
based also on the visual characteristic.

[0022] In a variant of that implementation, the
visual characteristic is selected from the group
consisting of vertical edge, horizontal edge, busy area

and non-edge area.

Brief Description of the Drawings

[0023] Further features of the disclosure, its
nature and various advantages, will be apparent upon
consideration of the following detailed description,
taken in conjunction with the accompanying drawings, in
which like reference characters refer to like parts
throughout, and in which:

[0024] FIG. 1 is a schematic representation of a
digital image capture and processing system in which
subject matter of this disclosure may be implemented;
[0025] FIG. 2 is a diagram of color filter patterns
as used in implementations of this disclosure; and
[0026] FIG. 3 is a flow diagram of an implementation

of a method according to this disclosure.

Detailed Description

[0027] The present disclosure may be implemented in
any digital image processing system. FIG. 1 shows an
implementation of a digital image capture and

processing system 100 which may be included in any
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still or moving image processing technology such as
those identified above. In digital image capture and
processing system 100, lens 101 focuses incoming light
onto image detector 103 through color filter array 102.
As noted above, image detector 103 may be a charge-
coupled device or a CMOS detector. The individual
color filters of color filter array 102 may be arranged
in any suitable pattern, such as the Bayer CFA pattern
discussed above and described below in connection with
FIGS. 2 and 3.

[0028] Color filter array 102 is aligned relative to
image detector 103 so that each pixel 203 of image
detector 103 is illuminated by light passing through
only one color filter element 202 of color filter

array 102. 1In that way, although the pixels 203 of
image detector 103 detect only luminance, each pixel of
image detector 103 outputs a signal representing a
single color component (e.g., red, green or blue in an
RGB system) .

[0029] The output of image detector 103 is processed
in digital Image Signal Processor (ISP) 104, which as
is well known may include any suitable combination of
hardware and firmware arranged to perform the functions
or methods described below. ISP 104 may be an image
processing engine of the type used in digital cameras,
mobile telephones or other devices. This engine can
perform a range of tasks, such as denoise operations,
demosaic operations, defect correction, lens shading
correction, tone mapping and edge sharpening.

Signal 105 output by digital ISP 104 may be stored or
transmitted, for later display by a suitable display
device, such as a television or computer monitor, or
the screen of a mobile device (not shown).

[0030] FIG. 2 shows two different five-pixel-by-
five-pixel areas 200, 201 of color filter array 102
arranged in the aforementioned Bayer CFA configuration.

As can be seen, the individual pixel filters 202 are
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arranged in rows 211-215. Each of rows 211-215
includes green pixel filters 202 alternating with
either red pixel filters 202 or blue pixel

filters 202 -- i.e., each row includes either green and
red pixel filters only, or green and blue pixel filters
only. Red pixel filters 202 are identified by the
letter "R"; blue pixel filters 202 are identified by
the letter "B." Green pixel filters 202 that are
located in rows with red pixel filters 202 are
identified by the letters "Gr"; green pixel filters 202
that are located in rows with blue pixel filters 202
are identified by the letters "Gb."

[0031] The rows 211-215 are arranged so that each
row of green and red pixel filters is adjacent only
rows of green and blue pixel filters -- i.e., no row of
green and red pixel filters is adjacent another row of
green and red pixel filters, and no row of green and
blue pixel filters is adjacent another row of green and
blue pixel filters. The rows of green and blue pixel
filters are offset from the rows of green and red pixel
filters so that no column including red pixel filters
also includes any blue pixel filters, and no column
including blue pixel filters also includes red pixel
filters. The result is that, as described above, the
red and blue pixels are arranged on respective
rectangular lattices in their respective sets of rows,
while the green pixels are located on a guincunx
lattice.

[0032] Although this description is written in terms
of the pixels of the color filter array, it will be
understood that the pixels values discussed herein are
the outputs of individual pixels of detector 103, each
of which is illuminated by light that passes through a
particular pixel filter 202 of color filter array 102.
[0033] According to implementations of this
disclosure, an adjustment may be applied to each green

pixel (whether a Gr pixel or a Gb pixel). While the
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adjustment may be determined once for all Gb pixels and
once for all Gr pixels, or individually for each green
pixel (Gb or Gr), it may be convenient to determine to
break the color filter array into individual areas or
"kernels", and to process each kernel to determine an
adjustment for all Gr pixels in that particular kernel
and all Gb pixels in that particular kernel.

[0034] As explained in more detail below, the
adjustments determined according to implementations of
this disclosure may be based on the type of image area
the pixels are located in. Thus, the adjustments may
be different for horizontal edges, vertical edges, non-
edge areas (i.e., areas with no clear edge), and "busy"
areas (i.e., areas with high-contrast irregular edges).
[0035] A basic method 300 according to
implementations of this disclosure is diagrammed in
FIG. 3.

[0036] At 301, for a particular green pixel, a
kernel, each of which includes a plurality of pixels,
is constructed around the pixel. For example,

kernel 201 may have 25 pixels arranged in five rows and
five columns. At 302, horizontal gradients Gradhor1 and
Gradm“z, and vertical gradients Gradvaf and Gradvaf,
are determined for the kernel. An example of gradient
determination is described in more detail below.

At 303, the pixel of interest -- i.e., the pixel on
which the kernel is centered -- is classified, for
example as described above, as being on a horizontal
edge, on a vertical edge, in a non-edge area, or in a
busy area (although other classifications may be used).
An example of pixel classification is described in more
detail below. At 304, a green compensation value is
determined for the pixel of interest, in part, on its
classification at 302, and is applied to the pixel of
interest at 305. An example of determination of green

compensation value is described in more detail below.
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[0037] Optionally, a demosaic operation can be
carried out on the image at the time of green imbalance
compensation. This option would be employed, for
example, when a video signal is being processed "on-
the-fly" -- i.e., in real-time -- for viewing or
transmission (otherwise the demosaic operation may be
performed later). If processing is being performed on-
the-fly, then constructing a kernel around each green
pixel to compute green imbalance compensation for that
pixel as described above would require additional line
buffering. Therefore, for on-the-fly processing the
image would be broken down into kernels (some of which
will resemble kernel 200 centered on a green pixel, and
some of which will resemble kernel 201 centered on a
non-green pixel). The green compensation value would
be determined at 304 as described above for each
kernel. The green compensation value derived for a
particular kernel would be applied at 306 to every
green pixel -- whether Gb or Gr -- in that kernel. A
demosaic operation would then be carried out at 307.
However, it will be apparent that this type of "per-
kernel" processing also can be used for offline
processing instead of the "per-pixel"™ processing
described above (where a kernel is constructed around
each green pixel for computation purposes), even though
it might not be necessary to do so. In that case, the
demosaic operation would be performed later.

[0038] Except where otherwise indicated, the
discussion below assumes that no demosaic operation is
intended to be carried out on the image at the time of
green imbalance compensation. However, i1if a demosaic
operation is to be carried out on the image at the time
of green imbalance compensation, then any reference to
the "pixel of interest" should be considered a
reference to the center pixel of the kernel which, for

a kernel 201, will not be green.
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[0039] Continuing to use the examples of kernels
resembling five-pixel-by-five-pixel areas 200, 201,
gradient determination 302 may be performed as follows:
[0040] If, starting in the upper left corner of a
kernel, the five rows 211-215 in each kernel are
identified as i=0,...,4, and the five columns 221-225
in each kernel are identified as 7=0,...,4, then for
each pixel location (i, 7), the pixel value may be
denoted pl[i][7]. The horizontal and vertical gradients
Grao’lhc,r1 and Gradverl, and Gradh°r2 and Gradverz, may be
calculated as follows:
Gradpor' = 12*p[2][2]1-p[2]1[0]-p[2]1[4]| + Ip[2][11-p[2][3]]
+ (Ip[11[11-p[1103]11 + Ip[31[1]1-pI31([311)/2
+ (Ip[0][11-p[01[3]] + Ip[4]1[1]1-pl41([311)/2
+ (12*p[1]1[2]1-p[1]1[0]1-p[11 0411 + [2*p[3]1[2]-p[3]1[0]1-p[31[4]11)/4

Gradnor = | (p[2][31+p[2][1])/2 - (2*p[2][2]+p[2][0]+p[2][4]) /4]
+ [ (p[3]1[3]1+p[31[1]1)/4 - (2*p[3]1[2]+p[3][0]+p[3]1[4])/8]/2
+ [ (p[1]1[3]1+p[1]1[1]1)/4 - (2*p[1][2]+p[1][0]+p[1]1[4])/8]/4

Gradver' = [2*p[2][2]1-p[0][2]-p[4]1[2]] + Ip[1]1[2]-p[3][2]]
+ (Ipl[1]1[1]-p[3]1[1]1] + Ip[1][1]-pI[31[3]11)/2
+ (Ip[1]1[0]-p[3]110]1] + Ipl[1][4]-p[3]1[4]11)/2
+ (12*p[2]1[1]-p[0][1]-p[4]([1]] + [2*p[2][3]1-p[0][3]1-p[4]1([3]1)/4

Gradver: = | (p[3]1[21+p[11[2])/2 - (2*p[2][2]+p[0][2]+p[4][2]) /4]
+ [ (p[3]1[3] + pl[1]1(3]1)/4 - (2*p[2][3]1+p[0] [3]1+p[4]1[3])/8]/2
+ [ (p[3]1[1]1+p[1]1[1]1)/4 - (2*p[2] [1]+p[0] [1]+p[4]1[1])/8]/4

[0041] As noted above, the goal of pixel
classification 302 is to classify each pixel into one

of the following classes:

1) Class VERTICAL: strong vertical edge indication.

2) Class HORIZONTAL: strong horizontal edge indication.

3) Class NONEDGE: Lack of strong edge indication.

4) Class BUSY: image content with crowded, irregular, high-

contrast edges, such as text.
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[0042] One possible implementation of pixel
classification 302 begins with busy detection.
[0043] A counter busy dec num may be initialized to
0 and a threshold busy thre may be computed as follows:
busy thre =

(4*p[2]1[21+p[2]1 [11+p[1]1[2]1+4p[2] [3]1+4p[31[2]) /16,

min busy thre)
where min busy thre is determined empirically by the
system designer or user to adjust more adaptively to

the image brightness.

[0044] Once busy thre has been determined, the
following calculations may be carried out:
1. If (min(Ip[2][2]-p[0][0]1, Ip[2][2]-p[O](2]1, IpP[O][O]-
pl01[2]11) > busy thre, increase busy dec num by 1;
2. If (min(|pl2][2]-p[0]00], Ipl[2][2]-p[2]10]1, Ip[O]I[0]-
pl2]1[0]11) > busy thre, increase busy dec num by 1;
3. If (min(lp[2][2])-p[0) (4], Ip[2)[2)-p[0)[2]1, Ip[O]([4]-
pl01[2]11) > busy thre, increase busy dec num by 1;
4. If (min(|lp[2])[2])-p[0] (4], Ipl2)[2])-p[2])[4]I, Ip[O]([4]-
pl2]1[4]11) > busy thre, increase busy dec num by 1;
5. If (min(|p[2][2])-p[4])[0)1, Ip[2)[2)-p[2])(0)I, Ip[2])[0]-
pl[41[0]11) > busy thre, increase busy dec num by 1;
6. If (min(|p[2][2]-p[4][0]1, Ip[2][2]-p[4](2]1, Ip[4][0]-
pl41[2]11) > busy thre, increase busy dec num by 1;
7. If (min(lp(2][2])-p[4]) (4], Ipl2)[2])-p[2])[4]I, Ip[2][4]-
pl41[4]11) > busy thre, increase busy dec num by 1;
8. If (min(|p[2][2]-p[4][4]1, Ip[2][2]-p[4](2]1, Ip[4][2]-
pl41[4]11) > busy thre, increase busy dec num by 1.

If, after these calculations, busy dec num>4, the pixel
of interest is classified as busy. Otherwise, further
classification proceeds as follows:

[0045] First, two thresholds thre gradl, thre gradz
for the classification of the pixel of interest as an
edge pixel or a non-edge pixel are determined:

thre gradl = MAX (MIN(Grads.,', Grady..')*k gradl/32,
min grad thr)
thre grad2 = MAX(MIN(Grad..’, Grady..’)*k grad2/32,
min grad thr)
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where min grad thr, k gradl and k gradzZ are empirically
determined by the system designer or user to adjust
more adaptively to the image contrast. These
thresholds are used with the gradients to perform an
initial classification in which the pixel of interest
is assigned two classifications -- classl and classZ:
If (Grads.,' > Grady..'t+thre gradl), then class 1 = VERTICAL;
Else if (Grad,.,' > Grady., +thre gradl) then class 1 =
HORTZONTAL;
Else class 1 = NONEDGE;

If (Grads.,” > Grady..’+thre grad?), then class 2 = VERTICAL;
Else if (Grad,.,” > Grady.,'+thre grad?), then class 2 =
HORIZONTAL;

Else class 2 = NONEDGE;

[0046] A final classification, merging classl and
class”Z, may be performed as follows:
if (class 1 = VERTICAL)
{

if (class 2=HORIZONTAL) then class final = NONEDGE;
else class final = VERTICAL;
}
else if(class 1 = HORIZONTAL)
{
if (class 2 = VERTICAL) then class final = NONEDGE;

else class final = HORIZONTAL;
}

else

class final = class 2

It will be appreciated, that if the pixel of interest
had been determined during busy detection to be in a
busy area, then it would have been assigned class final
= BUSY.

[0047] After classification has been carried out,
the compensation value may be determined. First,
separate average values may be calculated for the Gr

pixels in the kernel (AvgGr) and the Gb pixels in the
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kernel (AvgGb). The averages can be "fine," meaning
that separate averages are determined for pixels
classified with different edge directions, or "coarse,"
meaning that the averages are determined without regard
to edge direction. The resulting averages may be
denoted AvgGbfine; AVGGbeoarser AV9Grfiner and AvgGreearse-
[0048] The determination of the averages will depend
on the pixel classification.

[0049] For a pixel classified as a horizontal edge,
the kernel is separated into upper and lower areas (the
middle row may be used in both areas), and the "up" and
"down" averages are determined separately, and are then
used to determine an overall average.

[0050] In this horizontal edge case, where either
the operation is being performed on a pixel basis, or
the operation is being performed on a kernel basis and
the center pixel of the kernel is green, the averages

may be determined as follows:

AvgGb _up =
(2*G[0]1[2]1+2*G[2]1 [2]1+G[0]1[0]1+G[0][4]1+G[2]1[01+G[2]11[4]1)/8;
AvgGr up = (G[1]1[1]1+G[1]1[3]1)/2;
AvgGb down =
(2*G[2]1[2]1+2*G[4]1[2]1+G[2]1[01+G[2][4]1+G[4]1[01+G[4]11[4]1)/8;
AvgGr down = (G[3]1[1]1+4G[3]11[3])/2;
if |AvgGb up-AvgGr up| < |AvgGb_ down-AvgGr down|

then AvgGrfrine = AvgGr up; AvgGbfine = AvgGb up

else AvgGrfrine = AvgGr down; AvgGDbfine = AvgGb down

[0051] In this horizontal edge case, where the
operation is being performed on a kernel basis and the
center pixel of the kernel is not green, the averages

may be determined as follows:
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then AvgGrfrine = AvgGr up; AvgGbfine = AvgGb up

else AvgGrfrine = AvgGr down; AvgGDbfine = AvgGb down

[0052] For a pixel classified as a vertical edge,
the kernel is separated into left and right areas (the
middle column may be used in both areas), and the
"left" and "right" averages are determined separately,
and are then used to determine an overall average.
[0053] In this vertical edge case, where either the
operation is being performed on a pixel basis, or the
operation is being performed on a kernel basis and the
center pixel of the kernel is green, the averages may
be determined as follows:

AvgGb left =

(2*G[2]1[01+2*G[2]1 [21+G[0] [01+G[4]1[01+G[0][21+G[4]1[2])/8;

AvgGr _left = (G[1][1]+G[3][1])/2;

AvgGb right =
(2*G[2][41+2*G[2] [21+G[0] [21+G[4][21+G[0] [41+G[4]1[4])/8

AvgGr _right = (G[1]1I[314G[31I[31]1)/2;
if |AvgGb left-AvgGr left| < |AvgGb right-AvgGr right|
then AvgGrfine = AvgGr left; AvgGbrine = AvgGb left

else AvgGrrine = AvgGr right; AvgGbfine = AvgGb right

[0054] In this vertical edge case, where the
operation is being performed on a kernel basis and the
center pixel of the kernel is not green, the averages

may be determined as follows:
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AvgGb left (2*G[2][1]+G[0][1]1+G[4][1])/4
AvgGr left = (G[1][2]+G[3][2]1+G[1][0]1+G[3]1[0])/4
(2*G[2] [31+G[0] [3]1+G[4]1[3])/4
(G[11[2]1+G[3][2]+G[1][4]1+G[3][4])/4

AvgGb right

AvgGr right
if |AvgGb left-AvgGr left| < |AvgGb right-AvgGr right|
then AvgGrfrine = AvgGr left; AvgGbfine = AvgGb left

else AvgGrrine = AvgGr right; AvgGbfine = AvgGb right

[0055] For a pixel that is not on an edge, and where
either the operation is being performed on a pixel
basis, or the operation is being performed on a kernel
basis and the center pixel of the kernel is green, the
averages may be determined as follows:

AvgGreine = AvgGrcoarse = (4*G[2][2]1+G[2][0]+G[0][2]+G[2][4]+

Gl4]1[2])/8

AvgGbrine = AVgGbcoarse = (G[1]1[1]1+2*G[1][3]1+G[3][1]1+G[3]1[3])/4

[0056] For a pixel that is not on an edge, where the
operation is being performed on a kernel basis and the
center pixel of the kernel is not green, the averages
may be determined as follows:
AvgGrfrine = AVgGrcoarse =
(2*G[1]1[2]+2*G[3][21+GI[1]1[0]+G[1]1[4]1+G[3]1[0]+G[3]1[4]1+3
) /8
AvgGrfine = AVgGrcoarse =
(2*G[2]1 [1]1+2*G[2] [31+GIO][1]1+GIO][31+G[4]1[1]1+G[4]1([3]+3
) /8

[0057] For a busy area, it is difficult to compute
the compensation values, and in any event the imbalance
may be masked by the busyness, so AvgGb and AvgGr
(coarse and fine) may be set to zero.

[0058] For all areas, the coarse and fine averages

may be combined as follows:
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AvgGr = ((256-
smoothness gb) *AvgGrginetsmoothness gb*AvgGreearse) /256
AvgGb = ((256-

smoothness gb) *AvgGbrginetsmoothness gb*AvgGbcoarse) /256

where smoothness gb 1s a system-designer- or user-
determined parameter that determines the aggressiveness
of the green balance, which may affect image detail.
[0059] Once the averages have been determined, an
initial compensation value diff gbjni¢ may be calculated

as follows:
diff gbinit = (AvgGb - AvgGr) /2

However, the compensation value may be capped at

maxGbaiiow, wWhere:

maxGbailow = min(((AvgGr+AvgGb) /2)*gb thre) /256, maxCorV)
if |diff gbl| > maxCutV then diff gb = 0;
else
diff gb = maxGbaiiow if diff gb 2 maxGbaiiow
else diff gb = -maxGbailow if diff gb < -maxGbailow
else diff gb = diff gbinit

maxCorV, maxCutV, and gb thre are parameters that may
be selected empirically by the system designer or user.
For example, maxGbsiiow Can be adjusted adaptively based
on the selection of gb thre and maxCorV. Both gb thre
and maxCorV may be varied based on sensor
characteristics such as analog gain and integration
time. maxCutV would add another level of protection,
in that if the estimated value exceeds maxCutV, it
would be known that the estimate is wrong (and should
be, e.g., reset to 0).

[0060] After the compensation value has been
determined, it is subtracted from each Gb pixel and
added to each Gr pixel.

[0061] Where the operation is being performed on a

pixel basis, or where the operation is being performed
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on a kernel basis and the center pixel of the kernel is

green, the result is as follows:

G[0][0] = G[O][O0]-diff gb
G[0][2] = G[O][2]-diff gb
5 G[0][4] = G[0][4]-diff gb
G[2][0] = G[2][0]-diff gb
G[2][2] = G[2][2]-diff gb
G[2]1[4] = G[2][4]-diff gb
G[4]1[0] = G[4][0]-diff gb

10 G[4]1[2] = G[4][2]-diff gb
G[4]1[4] = G[4][4]-diff gb
G[1][1] = G[1][1]+diff gb

G[1]1[3] = G[1][3]+diff gb
G[3]1[1] = G[3][1]+diff gb
15 G[31[3] = G[3][3]+diff gb

[0062] Where the operation is being performed on a
kernel basis and the center pixel of the kernel is NOT

green, the result is as follows:

G[O0][1] = G[O][1]-diff gb
20 G[0][3] = G[O][3]-diff gb
G[2][1] = G[2][1]-diff gb
G[2][3] = G[2][3]-diff gb
G[4]1[1] = G[4][1]-diff gb
G[4]1[3] = G[4][3]-diff gb

25 G[1]1[0] = G[1][0]+diff gb
G[1]1[2] = G[1][0]+diff gb
G[1]1[4] = G[1][0]+diff gb

G[3]1[0] = G[1][0]+diff gb
G[31[2] = G[1][0]+diff gb
30 G[3]1[4] = G[1][0]+diff gb

[0063] The foregoing methods may be carried out by
digital image processor 104 (FIG. 1). Digital image
processor 104 may be hard-wired to perform the methods,
and may include firmware and appropriate microcode to

35 perform the methods, or digital image processor 104 may
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include a general-purpose or gspecialized processor that
can execute software to perform the methods.

[0064] Although the foregoing implementation has
been described in the context of an RGB color model,
this disclosure may be applicable to other color models
where the spectral response of one of the native colors
of the model is closer than others of the native colors
to the luminance response of human visual system. For
example, in a CMYK or RGBY color model, yellow may be
treated in a manner similar to green in the foregoing
implementation.

[0065] It will be understood that the foregoing is
only illustrative of the principles of the invention,
and that the invention can be practiced by other than
the described embodiments, which are presented for
purposes of illustration and not of limitation, and the
present invention is limited only by the claims which
follow.
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WHAT IS CLAIMED IS:

1. A method of correcting color imbalance in
a captured image, the method comprising:
deriving gradient data from a group of
pixels in the captured image;
determining a compensation value based on
the gradient data; and
applying the compensation value to at

least one pixel in the group of pixels.

2. The method of claim 1 wherein:
each pixel in the image represents a color
from a set of colors;
one particular color in the set of colors
is a selected color; and
each of the at least one pixel to which
the compensation value is applied represents the selected

color.

3. The method of claim 2 wherein the selected
color has, among all colors in the set of colors, the

greatest visual response.

4, The method of claim 3 wherein:
the set of colors is red-green-blue; and

the selected color is green.

5. The method of claim 2 wherein the applying
comprises applying the compensation value to all pixels

of the selected color in the group of pixels.

6. The method of claim 2 wherein:
the at least one pixel is a single pixel

of interest;
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the group of pixels is selected based on
proximity to the single pixel of interest; and
the applying comprises applying the

compensation value to only the single pixel of interest.

7. The method of claim 1 wherein:
the group of pixels forms a rectangular
shape; and
the gradient data comprise a horizontal

gradient and a vertical gradient.

8. The method of claim 1 wherein:
the group of pixels is in a portion of the
image; the method further comprising:
classifying the at least one pixel
according to a visual characteristic of the portion of
the image; wherein:
the determining a compensation value is

based also on the visual characteristic.

9. The method of claim 8 wherein the visual
characteristic is selected from the group consisting of
vertical edge, horizontal edge, busy area and non-edge

area.

10. A method of correcting color imbalance in

a captured image, wherein:

each pixel in the captured image
represents a color from a set of colors; and

one particular color in the set of colors
is a selected color; the method comprising, for every
individual pixel in the image representing the selected
color:

deriving horizontal and vertical gradient

data from a group of pixels surrounding the individual
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pixel, the group of pixels being in a portion of the
image;
classifying the individual pixel according
to a visual characteristic of the portion of the image;
determining a compensation value based on
the gradient data and the visual characteristic; and
applying the compensation value to the

individual pixel.

11. The method of claim 10 further comprising,
after carrying out the deriving, the classifying, the
determining and the applying on every individual pixel in
the image representing the selected color, carrying out a

demosaic operation on the image.

12. 1Image processing apparatus comprising:

a digital image processor that corrects
color imbalance in an image that is output by an image
detector, by:

deriving gradient data from a group of
pixels in the image,

determining a compensation value based on
the gradient data, and

applying the compensation value to at

least one pixel in the group of pixels.

13. The apparatus of claim 12 wherein:
each pixel in the image represents a color
from a set of colors;
one particular color in the set of colors
is a selected color; and
each of the at least one pixel to which
the compensation value is applied represents the selected

color.
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14. The apparatus of claim 13 wherein the
selected color has, among all colors in the set of

colors, the greatest visual response.

15. The apparatus of claim 14 wherein:
the set of colors is red-green-blue; and

the selected color is green.

16. The apparatus of claim 13 wherein the
applying comprises applying the compensation value to all

pixels of the selected color in the group of pixels.

17. The apparatus of claim 13 wherein:
the at least one pixel is a single pixel
of interest;
the group of pixels is selected based on
proximity to the single pixel of interest; and
the applying comprises applying the

compensation value to only the single pixel of interest.

18. The apparatus of claim 12 wherein:
the group of pixels forms a rectangular
shape; and
the gradient data comprise a horizontal

gradient and a vertical gradient.

19. The apparatus of claim 12 wherein:
the group of pixels is in a portion of the
image; and
the digital image processor corrects color
imbalance in the image, by further:
classifying the at least one pixel
according to a visual characteristic of the portion of

the image; wherein:
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the determining is based also on the

visual characteristic.

20. The apparatus of claim 19 wherein the
visual characteristic is selected from the group
5 consisting of vertical edge, horizontal edge, busy area

and non-edge area.
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