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(57) ABSTRACT

There are provided a device and method that correct a false
color occurring in a locally highlighted region in an image. A
false color pixel is detected in data conversion processing of
generating an RGB array image from an RGBW array image,
low-band signals corresponding to respective RGBW colors
that are different according to whether a pixel is a false color
pixel, and the RGBW array is converted by interpolation
processing to which the calculated low-band signals are
applied to generate the RGB array image. The interpolation
processing is performed using the low-band signals on an
assumption that a W low-band signal mW, and RGB respec-
tive low-band signals mR, mG, and mB have a proportional
relation in a local region. When a pixel of interest is a false
color pixel, the low-band signal is calculated by an applica-
tion of a low-pass filter having a coefficient in which a con-

D IGnot(.sgl%/‘m (2006.01) tribute rate of pixel values in the vicinity of the pixel of
GO6K 9/62 (2006:01) interest is made relatively lower than that of separated pixels.
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IMAGE PROCESSING DEVICE, METHOD OF
PROCESSING IMAGE, AND IMAGE
PROCESSING PROGRAM INCLUDING
FALSE COLOR CORRECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of and claims the
benefit under 37 U.S.C. §120 of U.S. patent application Ser.
No. 14/395,095, titled “IMAGE PROCESSING DEVICE,
METHOD OF PROCESSING IMAGE, AND IMAGE PRO-
CESSING PROGRAM INCLUDING FALSE COLOR
CORRECTION™, filed Oct. 17, 2014, which is the National
Stage of International Application No. PCT/JP2013/053455,
filed in the Japanese Patent Office as a Receiving Office on
Feb. 14,2013, which claims priority to Japanese Patent Appli-
cation Number 2012-098544, filed in the Japanese Patent
Office on Apr. 24, 2012, each of which is hereby incorporated
by reference in its entirety.

TECHNICAL FIELD

[0002] Thepresent invention relates to an image processing
device, a method of processing an image, and a program, and
especially relates to an image processing device, a method of
processing an image, and a program for executing correction
processing of a false color occurring in an image.

BACKGROUND ART

[0003] Forexample, when sunshine filtering through leaves
is captured by a camera as illustrated in FIG. 1, a phenomenon
in which highlighted regions hl to h5 surrounded by the
dotted line circles are colored with green or magenta is seen.
[0004] FIG. 2(a) illustrates a Bayer array made of RGB
pixels and used in many conventional cameras.

[0005] FIG. 2(b) illustrates a RGBW array which has been
increasingly used in recent cameras. Each of RGB pixels is a
pixel including a filter selectively transmitting light of a
wavelength region of R, G or B, and a W pixel is a pixel
including a filter that transmits almost all the visible light of
the RGB wavelength light.

[0006] When the image illustrated in FIG. 1, that is, the
image having a high brightness region of a small area of about
several pixels like the sunshine filtering through leaves is
captured with the camera including an imaging device of the
RGBW array including the W pixels as illustrated in FIG.
2(b), a false color such as green or magenta is generated in the
highlighted regions h1 to h5 which are small high brightness
regions.

[0007] Hereinafter, the false color, which occurs in the
highlighted region of a small area of about several pixels, is
called brightness false color.

[0008] A principle of occurrence of the brightness false
color will be described with reference to FIGS. 3(a) and 3(b).
[0009] For example, as illustrated in FIG. 3(a), when the
area of the highlighted region is small and the pixels of the
highlighted region are configured from almost only the W and
G pixels, pixel values of the G pixels are relatively larger than
peripheral R and B pixels. As a result, color balance is lost,
and the region is colored to green.

[0010] Further, as illustrated in FIG. 3(b), when the area of
the highlighted region is small and the pixels of the high-
lighted region are configured from almost the W, R, and B
pixels, the pixel values of the R and B pixels are relatively
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larger than the pixel values of the peripheral G pixels. As a
result, the color balance is lost, and the region is colored to
magenta.

[0011] As described above, various patterns of false colors,
that is, the brightness false colors are generated, depending on
the configuration of the pixels included in the highlighted
region that is a high brightness portion.

[0012] Todecreasesuchabrightness false color, processing
of correcting the false color occurring region using an optical
low-pass filter is effective. That is, the processing is to
decrease a high-frequency component of light incident on the
imaging device, and to correct extreme change of the pixel
value into gentle change. However, this method causes a
decrease in resolution, resulting in deterioration of image
quality, and thus it cannot be said that the method is an
appropriate method.

[0013] Note that, a technology to decrease the false color
typically called purple fringing is described in, for example,
Patent Document 1 (Japanese Patent Application Laid-Open
No. 2009-124598) and Patent Document 2 (Japanese Patent
Application Laid-Open No. 2006-14261).

[0014] The purple fringing is caused mainly by an aberra-
tion of a lens included in the camera, and is a false color
occurring around a high contrast edge of blown-out highlight.
[0015] However, the brightness false color described above
is caused in a pixel region that does not have blown-out
highlights. Therefore, there are some cases which cannot be
handled by the conventional processing of decreasing the

purple fringing.
CITATION LIST

Patent Document

[0016] Patent Document 1: Japanese Patent Application
Laid-Open No. 2009-124598

[0017] Patent Document 2: Japanese Patent Application
Laid-Open No. 2006-14261

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0018] The present disclosure has been made in view ofthe
above problems, and an objective is to provide an image
processing device, a method of processing an image, and a
program for detecting false color, which occurs in a high
brightness region (highlighted region) of a small area of about
several pixels, and performing correction, thereby outputting
a high-quality image.

[0019] Further, ina configuration of one embodiment of the
present disclosure, an objective is to provide an image pro-
cessing device, a method of processing an image, and a pro-
gram for inputting a mosaic image of an array including a W
(white) pixel before de-mosaic, as an object to be processed,
detecting a false color, which occurs in a high brightness
region (highlighted region) of a small area of about several
pixels, and performing correction, thereby outputting a high-
quality image.

Solution to Problems

[0020] According to a first aspect of the present disclosure,
there is provided an image processing device including:
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[0021] adataconversion processing unit configured to have
an RGBW array image as an input image, and to generate an
RGB array image as an output image,

[0022] the data conversion processing unit including a false
color detection unit configured to detect a false color pixel in
the input image, and to output detection information,

[0023] a low-band signal calculation unit configured to be
input the detection information from the false color detection
unit, and to change a processing aspect according to the
detection information to calculate low-band signals corre-
sponding to respective RGBW colors, and

[0024] apixel interpolation unit configured to execute pixel
conversion of the RGBW array of the input image by pixel
interpolation to which the low-band signals calculated by the
low-band signal calculation unit to generate the RGB array
image, and

[0025] the interpolation processing unit

[0026] calculates an interpolation pixel value on an
assumption that a low-band signal mW of a W pixel and
low-band signals mR, mG, and mB of respective RGB pixels
have a proportional relation in a local region.

[0027] Further, according to one embodiment of the image
processing device of the present disclosure, when having
been input the detection information that a pixel of interest is
the false color pixel from the false color detection unit, the
low-band signal calculation unit applies a low-pass filter to
which a low-pass filter coefficient in which a pixel value
contribution rate of a pixel near the pixel of interest is made
relatively lower than that of a pixel separated from the pixel of
interest is set to calculate the low-band signals.

[0028] Further, according to one embodiment of the image
processing device of the present disclosure, when having
been input the detection information that a pixel of interest is
not the false color pixel from the false color detection unit, the
low-band signal calculation unit applies a low-pass filter to
which a low-pass filter coefficient in which a pixel value
contribution rate of a pixel near the pixel of interest is made
relatively higher than that of a pixel separated from the pixel
of interest is set to calculate the low-band signals.

[0029] Further, according to one embodiment of the image
processing device of the present disclosure, the false color
detection unit detects presence/absence of existence of a
locally highlighted region that is a locally high brightness
region in the input image, and when a pixel of interest is
included in the locally highlighted region, the false color
detection unit determines that the pixel of interest is the false
color pixel.

[0030] Further, according to one embodiment of the image
processing device of the present disclosure, the false color
detection unit detects incline information of W pixels near a
pixel of interest, and when a W pixel value near the pixel of
interest is higher than a peripheral W pixel value in both of
two perpendicular directions, the false color detection unit
determines that the pixel of interest is included in a locally
highlighted region that is a locally high brightness region, and
the pixel of interest is the false color pixel.

[0031] Further, according to one embodiment of the image
processing device of the present disclosure, the false color
detection unit (a) calculates W pixel low-frequency compo-
nent signals corresponding to respective lines based on pixel
values of a plurality of W pixels in a plurality of diagonally
lower right lines set near a pixel of interest, and executes
comparison processing between a difference value Diffl
between a maximum value of the W pixel low-frequency
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component signals of a plurality of inner-side lines close to
the pixel of interest and a maximum value of the W pixel
low-frequency component signals of a plurality of outer-side
lines distant from the pixel of interest, and a threshold Thrl,
and (b) calculates W pixel low-frequency component signals
corresponding to respective lines based on pixel values of a
plurality of W pixels in a plurality of diagonally upper right
lines set near a pixel of interest, and executes comparison
processing between a difference value Diff2 between a maxi-
mum value of the W pixel low-frequency component signals
of a plurality of inner-side lines close to the pixel of interest
and a maximum value of the W pixel low-frequency compo-
nent signals of a plurality of outer-side lines distant from the
pixel of interest, and a threshold Thr2, and as comparison
results of the two cases of the above (a) and (b), when the
difference value is larger than the threshold in both cases, the
false color detection unit determines that the pixel of interest
is the false color pixel.

[0032] Note that the threshold Thrl and the threshold Thr2
may be fixed values, may be values that can be set by the user,
or may be automatically calculated.

[0033] Further, according to one embodiment of the image
processing device of the present disclosure, the false color
detection unit detects a false color occurring when a W pixel
and a G pixel are concentrated in a locally highlighted region
that is a locally high brightness region in the input image, or
when a W pixel, an R pixel, and a B pixel are concentrated in
the locally highlighted region.

[0034] Further, according to one embodiment of the image
processing device of the present disclosure, the false color
detection unit detects W pixels having a high pixel value from
the input image, compares a configuration pattern of the
detected W pixels having a high pixel value, and a registered
highlighted region pattern that is a shape of a locally high
brightness region recorded in a memory in advance, and
determines that a pixel included in the configuration pattern
of the W pixels having a high pixel value is the false color
pixel when the configuration pattern of the detected W pixels
having a high pixel value match the registered highlighted
region pattern.

[0035] Further, according to one embodiment of the image
processing device of the present disclosure, the low-band
signal calculation unit applies a low-pass filter to which a
low-pass filter coefficient in which a pixel value contribution
rate of a highlighted region is made relatively lower than that
of a pixel outside the highlighted region, according to the
registered highlighted region pattern determined to match the
configuration pattern of the W pixels having a high pixel value
by the false color detection unit, is set to calculate the low-
band signals.

[0036] Further, according to a second aspect of the present
disclosure, there is provided a method of processing an image
executed in an image processing device, the method includ-
ing:

[0037] by a data conversion processing unit, executing data
conversion processing of having an RGBW array image as an
input image, and generating an RGB array image as an output
image,

[0038] in the data conversion processing, executing
[0039] false color detection processing of detecting a false
color pixel of the input image, and outputting detection infor-
mation,

[0040] low-band signal calculation processing of being
input the detection information, and changing a processing
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aspect according to the detection information to calculate
low-band signals corresponding to respective RGBW colors,
and

[0041] pixel interpolation processing of executing pixel
conversion of the RGBW array of the input image to generate
the RGB array image by pixel interpolation to which the
low-band signals are applied, and

[0042] in the interpolation processing,

[0043] calculating an interpolation pixel value based on an
assumption that a low-band signal mW of a W pixel and
low-band signals mR, mG, and mB of respective RGB pixels
have a proportional relation in a local region.

[0044] Further, according to a third aspect of the present
disclosure, there is provided a program for causing an image
processing device to execute image processing, the image
processing including:

[0045] causing a data conversion processing unit to execute
data conversion processing step of having an RGBW array
image as an input image, and generating an RGB array image
as an output image,

[0046] in the data conversion processing step, causing the
data conversion processing unit to execute

[0047] afalsecolordetection processing of detecting a false
color pixel of the input image, and outputting detection infor-
mation,

[0048] low-band signal calculation processing of being
input the detection information, and changing a processing
aspect according to the detection information to calculate
low-band signals corresponding to respective RGBW colors,
and

[0049] pixel interpolation processing of executing pixel
conversion of the RGBW array of the input image to generate
the RGB array image by pixel interpolation to which the
low-band signals are applied, and

[0050] inthe interpolation processing, calculating an inter-
polation pixel value based on an assumption that a low-band
signal mW of a W pixel and low-band signals mR, mG, and
mB of respective RGB pixels have a proportional relation in
a local region.

[0051] Note that the program of the present disclosure is a
program that can be provided with a storage medium or a
communication medium provided in a computer-readable
format to an information processing device or a computer
system that can execute various program codes. Such a pro-
gram is provided in a computer-readable format, whereby
processing according to the program is realized on the infor-
mation processing device or the computer system.

[0052] Other objectives, characteristics, and advantages of
the present disclosure will become clear from the detailed
description based on the embodiments and the appended
drawings of the present disclosure below. Note that the sys-
tem in the present specification is a logical set configuration
of a plurality of devices, and is not limited to a configuration
in which devices of respective configurations are included in
the same housing.

Effects of the Invention

[0053] According to a configuration of one embodiment of
the present disclosure, a device and a method that perform
correction of a false color, which occurs in a locally high-
lighted region of an image, are realized.

[0054] To be specific, a false color pixel is detected in data
conversion processing of generating an RGB array image
from an RGBW array image, low-band signals corresponding
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to respective RGBW colors that are different according to
whether a pixel is a false color pixel, and the RGBW array is
converted by interpolation processing to which the calculated
low-band signals are applied to generate the RGB array. The
interpolation processing is performed using the low-band
signals on an assumption that a W low-band signal mW, and
RGB respective low-band signals mR, mG, and mB have a
proportional relation in a local region. When a pixel of inter-
est is a false color pixel, the low-band signal is calculated by
an application of a low-pass filter having a coefficient in
which a contribute rate of pixel values in the vicinity of the
pixel of interest is made relatively lower than that of separated
pixels.

[0055] With the processing, a false color, which occurs in a
locally highlighted region of the image, is corrected, together
with re-mosaic processing of converting the RGBW array
image into the RGB array, and a high-quality image from
which the false color has been removed or decreased can be
generated and output.

BRIEF DESCRIPTION OF DRAWINGS

[0056] FIG. 1 is a diagram illustrating occurrence of a
bright false color occurring in a highlighted region.

[0057] FIGS. 2(a) and 2(b) are diagrams illustrating con-
figuration examples of pixel arrays of an imaging apparatus.
[0058] FIGS. 3(a) and 3(b) are diagrams illustrating high-
lighted regions where a brightness false color occurs.

[0059] FIG. 4 is a diagram illustrating a configuration
example of an image processing device of the present disclo-
sure.

[0060] FIG. 5 is a diagram illustrating a configuration
example of a data conversion processing unit of the imaging
processing device of the present disclosure.

[0061] FIGS. 6(a) and 6(b) are diagrams illustrating pixel
interpolation processing executed by the image processing
device of the present disclosure.

[0062] FIGS. 7(a) to 7(c) are diagrams illustrating high-
lighted regions where a brightness false color occurs.

[0063] FIGS. 8(1a) to 8(1c) are diagram illustrating pro-
cessing executed by a false color detection unit of the image
processing device of the present disclosure.

[0064] FIGS. 9(2a) to 9(2¢) are diagrams illustrating pro-
cessing executed by the false color detection unit of the image
processing device of the present disclosure.

[0065] FIGS. 10(3a) to 10(3¢) are diagrams illustrating
processing executed by the false color detection unit of the
image processing device of the present disclosure.

[0066] FIGS. 11(4a) to 11(4c) are diagrams illustrating
processing executed by the false color detection unit of the
image processing device of the present disclosure.

[0067] FIGS. 12(a) to 12(e) are diagrams illustrating pro-
cessing executed by the false color detection unit of the image
processing device of the present disclosure.

[0068] FIGS. 13(5a) to 13(5¢) are diagrams illustrating
processing executed by the false color detection unit of the
image processing device of the present disclosure.

[0069] FIGS. 14(6a) to 14(6¢) are diagrams illustrating
processing executed by the false color detection unit of the
image processing device of the present disclosure.

[0070] FIGS. 15(5a) to 15(5¢) are diagrams illustrating
processing executed by the false color detection unit of the
image processing device of the present disclosure.
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[0071] FIGS. 16(6a) to 16(6¢) are diagrams illustrating
processing executed by the false color detection unit of the
image processing device of the present disclosure.

[0072] FIGS. 17(1a) to 17(1¢) are diagrams illustrating
processing executed by a low-band signal calculation unit of
the image processing device of the present disclosure.
[0073] FIGS. 18(2a) to 18(2¢) are diagrams illustrating
processing executed by the low-band signal calculation unit
of the image processing device of the present disclosure.
[0074] FIGS. 19(3a) to 19(3¢) are diagrams illustrating
processing executed by the low-band signal calculation unit
of the image processing device of the present disclosure.
[0075] FIGS. 20(4a) to 20(4c) are diagrams illustrating
processing executed by the low-band signal calculation unit
of the image processing device of the present disclosure.
[0076] FIG. 21 is a diagram illustrating a flowchart illus-
trating a sequence of processing executed by the image pro-
cessing device of the present disclosure.

[0077] FIGS. 22(a) to 22(g) are diagrams illustrating pro-
cessing executed by the false color detection unit of the image
processing device of the present disclosure.

[0078] FIGS. 23(a) to 23(g) are diagrams illustrating pro-
cessing executed by the low-band signal calculation unit of
the image processing device of the present disclosure.
[0079] FIGS. 24(a) to 24(h) are diagrams illustrating pro-
cessing executed by the false color detection unit of the image
processing device of the present disclosure.

[0080] FIGS. 25(a) to 25(%) are diagrams illustrating pro-
cessing executed by the low-band signal calculation unit of
the image processing device of the present disclosure.
[0081] FIG. 26 is a diagram illustrating a flowchart illus-
trating a sequence of processing executed by the image pro-
cessing device of the present disclosure.

MODE FOR CARRYING OUT THE INVENTION

[0082] Hereinafter, details of an image processing device, a
method of processing an image, and a program of the present
disclosure will be described with reference to the drawings.
Note that the description will be given according to the fol-
lowing items.

1. A configuration and processing of a first embodiment of an
imaging processing device of the present disclosure

2. A modification of a false color detection unit and a low-
band signal calculation unit

3. Effects by processing of an image processing device of the
present disclosure

4. Conclusion of configurations of the present disclosure

[1. A Configuration and Processing of a First Embodiment of
an Imaging Processing Device of the Present Disclosure]

[0083] An image processing device of the present disclo-
sure performs processing with respect to acquired data of an
imaging device (image sensor) that includes RGBW-type
color filters including a filter corresponding to white (W) that
transmits all light of RGB wavelengths, in addition to RGB
filters that selectively transmit the light of the respective RGB
wavelengths.

[0084] To be specific, the image processing device analyzes
signals of a two-dimensional pixel array in which pixels serv-
ing as amain component of a brightness signal are arranged in
a checkered pattern manner, and a plurality of colors of pixels
serving as color information components are arranged in the
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rest of the portion, and performs pixel conversion. Note that a
color of the main component of the brightness signal is white
or green.

[0085] The image processing device of the present disclo-
sure executes processing of converting the acquired data of
the imaging device (image sensor) having the RGBW-type
color filters including white (W) as illustrated in FIG. 2(4)
into an RGB array (for example, a Bayer array) as illustrated
in FIG. 2(a). Hereinafter, such processing of converting a
color array is called re-mosaic processing. Note that details of
the re-mosaic processing is described in Japanese Patent
Application Laid-Open No. 2011-182354, and the disclosed
re-mosaic processing can be applied to the image processing
device of the present disclosure.

[0086] The image processing device of the present disclo-
sure executes processing of correcting a brightness false color
in this conversion processing (re-mosaic processing). The
brightness false color is a false color that occurs in a high-
lighted region of a small area of about several pixels.

[0087] A configuration example and a processing example
of'the image processing device according to one embodiment
of the present disclosure will be described with reference to
FIG. 4.

[0088] FIG. 4 is a diagram illustrating a configuration
example of an imaging apparatus 100 according to one
embodiment of the image processing device of the present
disclosure. The imaging apparatus 100 includes an optical
lens 105, an imaging device (image sensor) 110, a signal
processing unit 120, a memory 130, and a control unit 140.
[0089] Note that the imaging apparatus 100 illustrated in
FIG. 4 is one aspect of the image processing device of the
present disclosure. A device such as a PC is also included in
an example of the image processing device of the present
disclosure. The image processing device like a PC does not
include the optical lens 105 and the imaging device 110 of the
imaging apparatus 100 illustrated in FIG. 4, and is configured
from other configuration elements. The imaging apparatus
100 of a PC has a configuration including an input unit of
acquisition data or a storage unit of the imaging device 110.
To be specific, the imaging apparatus 100 is a still camera, a
video camera, or the like. An information processing device
capable of performing image processing, such as a PC, is
included in one aspect of the image processing device 120.
[0090] Hereinafter, the imaging apparatus 100 will be
described as a representative example of an image processing
device of the present invention. The imaging device (image
sensor) 110 of the imaging apparatus 100 illustrated in FIG. 4
has a configuration provided with a filter including an RGBW
array 181 having white (W) illustrated in FIG. 2(b). To be
specific, the imaging device 100 analyzes signals of a two-
dimensional pixel array in which pixels serving as a main
component of the brightness signal are arranged in a check-
ered pattern manner, and a plurality of colors of pixels serving
as color information components is arranged in the rest of the
portion, and performs pixel conversion. Note that the color of
the main component of the brightness signal is white or green.
[0091] In the embodiments described below, the imaging
device (image sensor) 110 is an imaging device provided with
a filter having the following four types of spectral character-
istics:

[0092] red (R) that transmits a wavelength near red;
[0093] green (G) that transmits a wavelength near green;
[0094] blue (B) that transmits a wavelength near blue; and
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[0095] white (W) that transmits light of almost all wave-
lengths of the RGB.

[0096] The imaging device 110 including the filter of the
RGBW array 181 receives any of RGBW light in pixel units
through the optical lens 105, and generates and outputs an
electrical signal corresponding to intensity of the received
light signal by photoelectric conversion. A mosaic image
made of the four types of RGBW spectrums can be obtained
by the imaging device 110.

[0097] An output signal of the imaging device (image sen-
sor) 110 is input to a data conversion processing unit 200 of
the signal processing unit 120.

[0098] The data conversion processing unit 200 executes
conversion processing from the RGBW array 181 to the RGB
array 182. The data conversion processing unit 200 executes
processing of correcting the brightness false color in the pixel
array conversion processing.

[0099] The RGB array 182 generated by the data conver-
sion processing unit 200, that is, data having a Bayer array is
data having a color array obtained by an imaging device such
as a conventional camera. The color array data is input to an
RGB signal processing unit 250.

[0100] The RGB signal processing unit 250 performs simi-
lar processing to a signal processing unit provided in the
conventional camera. To be specific, the RGB signal process-
ing unit 250 executes de-mosaic processing, white balance
adjustment processing, 7 correction processing, and the like,
and generates a color image 183. The generated color image
183 is recorded in a memory 130.

[0101] The control unit 140 executes control of the series of
processing. For example, a program that causes the control
unit 140 to execute the series of processing is stored in the
memory 130. The control unit 140 executes the program read
from the memory 130 to control the series of processing.
[0102] A detailed configuration of the data conversion pro-
cessing unit 200 will be described with reference to FIG. 5.
The data conversion processing unit 200 executes conversion
processing (re-mosaic processing) from the RGBW array 181
to the RGB array 182. Further, the data conversion processing
unit 200 executes processing for decreasing the brightness
false color together with the conversion processing.

[0103] Aninput pixel unit to the data conversion processing
unit 200 is 7 pixelsx7 pixels having a pixel to be processed for
pixel value conversion in the center, the pixel value conver-
sion being executed as processing of a decrease in the bright-
ness false color and pixel array conversion. That is, the data
conversion processing unit 200 performs processing in which
a 7x7 pixel reference region having the pixel to be processed
as a center is set. Note that pixels to be processed are changed
in turn, and the data conversion processing unit 200 performs
the processing with respect to the pixels in turn.

[0104] Note that setting of the size of the reference region,
which is set as the input pixel unit, to 7 pixelsx7 pixels is an
example, and a region having a size other than the size may be
set as the input pixel unit (reference region).

[0105] The data conversion processing unit 200 includes,
as illustrated in FIG. 5, a false color detection unit 201, a
low-band signal calculation unit 202, and a pixel interpola-
tion unit 203.

[0106] The pixel interpolation unit 203 interpolates the
central pixel in the region of the input pixel unit so that the
image having the RGBW array 181 that is an output of the
imaging device 110 becomes the RGB array 182.
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[0107] The pixel interpolation processing is performed as
processing of selecting pixels, for example, having the same
color as any of RGB to be set, from the reference region of
7x7 pixels, and using pixel values of reference pixels while
having the selected pixel values as reference pixels to calcu-
late a pixel value of the pixel to be processed, that is, to
calculate a pixel value of a central pixel of the 7x7 pixels.

[0108] Note that, in the interpolation processing, existing
various methods such as processing of selecting the reference
pixel in consideration of an edge direction, and a method of
using correlation between the W pixel and the RGB pixels in
the reference region, are applicable.

[0109] An example of the interpolating processing of when
the G pixel is interpolated with the W pixel in the central of the
input pixel unit (here, 7 pixelsx7 pixels) will be described
with reference to FIGS. 6(a) and 6(5).

[0110] FIG. 6(a) illustrates the input pixel unit (7x7 pixel
region) having the W pixel in the center, the W pixel being the
pixel of interest to serve as a pixel to be converted.

[0111] First, a low-band signal mW of the W pixels based
on the pixel values of the W pixels in the reference region
where the input pixel unit (7x7 pixel region) is the reference
region.

[0112] For example, the low-band signal mW is calculated
by low-pass filter application processing with respect to the
pixel values of the W pixels in the reference region.

[0113] Similarly, a low-band signal of the G pixels is cal-
culated from the G pixels in the input pixel unit (reference
region). This low-band signal is a low-band signal mG.
[0114] The pixel value of the W pixel that is the pixel of
interest to serve as the pixel to be converted is w. At this time,
the G pixel to be set to the position of the pixel of interest, that
is, the value G of the G pixel to be interpolated is calculated
according to (Expression 1) below:

G=mG/mWxw

[0115] The interpolation processing is interpolating pro-
cessing based on estimation that the low-band signal mW of
the W pixel and the low-band signal mG of the G pixel are
proportional to each other in a local region.

[0116] That is, in a narrow local region like the reference
region of the 7x7 pixels set in the present embodiment, it is
estimated that the proportional relation between the low-band
signal mW of the W pixel and the low-band signal mG of the
G pixel is established, as illustrated in FIG. 6(5), and the G
pixel value in the W pixel position is estimated according to
the (Expression 1) based on the proportional relation.

[0117] Note that, when the RGBW pixel array is converted
into the RGB pixel array, the following pieces of processing
are necessary:

(Expression 1)

[0118] processing of converting the G pixel into the R or B
pixel;

[0119] processing of converting the R pixel into the B pixel;
and

[0120] processing of converting the B pixel into the R pixel,

in addition to the processing of converting the W pixel into the
G pixel.

[0121] When these pieces of conversion processing are per-
formed, the W pixels of the reference region are set to a pixel
color of a conversion destination according to the pixel color
of'the conversion destination of conversion between the pix-
els of interest, and the pixel value of the pixel of interest is
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calculated, on an assumption that the following relations are
established in the local region, for example, the 7x7 reference

region:

[0122] the proportional relation between the low-band sig-
nal mW of the W pixel and the low-band signal mG of the G
pixel;

[0123] the proportional relation between the low-band sig-

nal mW of the W pixel and the low-band signal mR of the R
pixel; and

[0124] the proportional relation between the low-band sig-
nal mW of the W pixel and the low-band signal mB of the B
pixel.

[0125] Note that this interpolating processing is described
in Japanese Patent Application Laid-Open No. 2011-182354,
which is an earlier application of the present applicant, and
the disclosed processing can be applied to the image process-
ing device of the present disclosure.

[0126] Note that, in the processing of the present disclo-
sure, processing of changing a calculation processing aspect
of'the low-band signals mR, mG, mB, and mW corresponding
to the RGBW pixels applied to the pixel value conversion
processing of the pixel interpolation unit 203 is performed,
according to presence/absence of detection of the brightness
false color.

[0127] The false color detection unit 201 of FIG. 5 deter-
mines whether the pixel of interest is the brightness false
color pixel, and outputs the determination information to the
low-band signal calculation unit 202.

[0128] The low-band signal calculation unit 202 changes
the calculation processing aspect of the low-band signals mR,
mG, mB, and mW corresponding to the RGBW pixels applied
in the pixel value conversion processing of the pixel interpo-
lation unit 203, according to the determination information,
calculates the low-band signals mR, mG, mB, and mW, and
outputs the calculated low-band signals mR, mG, mB, and
mW to the pixel interpolation unit 203.

[0129] The pixel interpolation unit 203 performs the pixel
interpolating processing as the re-mosaic processing of con-
verting the RGBW pixel array into the RGB pixel array,
applying the low-band signals mR, mG, mB, and mW input
from the low-band signal calculation unit 202.

[0130] Note that the pixel interpolation processing
executed by the pixel interpolation unit 203 is processing
according to the processing described in Japanese Patent
Application Laid-Open No. 2011-182354, which is an earlier
application of the applicant, other than using the low-band
signals mR, mG, mB, and mW input from the low-band signal
calculation unit 202.

[0131] Hereinafter, processing of detecting the brightness
false color in the false color detection unit 201 and processing
of calculating the low-band signals (mR, mG, mB, and mW)
in the low-band signal calculation unit 202 will be described.
[0132] The false color detection unit 201 executes process-
ing of detecting the brightness false color by using the input
pixel unit (7x7 pixels) as the reference region and applying
the pixel values of the W pixels in the reference region.
[0133] As described with reference to FIGS. 3(a) and 3(b),
the brightness false color occurs such that, as illustrated in
FIG. 3(a), when the pixels of the local region, that is, the
highlighted region that is the high brightness region of about
several pixels are only the W pixels and the G pixels, the pixel
values of the G pixels become relatively larger than the pixel
values of the peripheral R pixels and B pixels, and as a result,
the color balance is lost, and the region is colored to green.
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[0134] Further, as illustrated in FIG. 3(b), when the pixels
of'the highlighted region are configured from the W pixel, the
R pixel, and the B pixel, the pixel values of the R pixel and the
B pixel become relatively larger than the pixel values of the
peripheral G pixels. As a result, the color balance is lost, and
the region is colored to magenta. In this way, various patterns
of false colors, that is, the brightness false colors occur
depending on the configuration of the pixels included in the
highlighted region that is the high brightness portion.

[0135] Hereinafter, processing of detecting the green false
color occurring when the pixels of the highlighted region are
only the W pixels and the G pixels, as illustrated in FIG. 3(a)
will be described as an example.

[0136] FIGS. 7(a) to 7(c) illustrate configuration examples
of'the highlighted regions where the green false color occurs,
similarly to FIG. 3(a). The regions surrounded by the dotted
line circles illustrate the highlighted regions.

[0137] The false color detection unit 201 inputs the input
pixel unit (7x7 pixels) having the pixel of interest as a center,
the pixel being to be processed of the pixel value conversion
(re-mosaic processing) in the data conversion processing unit
200, and determines whether the pixel of interest is included
in the highlighted region, that is, whether the pixel of interest
is the brightness false color pixel.

[0138] FIGS. 7(a) to 7(c) illustrate examples of when the
pixel of interest is included in the highlighted region, that is,
the pixel of interest is the brightness false color pixel. The
highlighted regions surrounded by the dotted line circles in
FIGS.7(a)to 7(c) are configured from almost the G pixels and
the W pixels.

[0139] Examples of processing of the false color detection
unit 201 will be described with reference to FIGS. 8(1a) to
8(1¢).

[0140] The examples of processing illustrated in FIGS.
8(1a) to 8(1¢) and FIGS. 9(2a) to 9(2¢) are examples of
processing of when the central pixel (pixel of interest) of the
input pixel unit (7x7 pixels) is a W pixel (W4), and a left
adjacent pixel and a lower adjacent pixel of the central pixel
(W4) are the G pixels.

[0141] When the input pixel unit has such an array, the false
color detection unit 201 determines whether the central pixel
(pixel ofinterest) is the brightness false color pixel that causes
the green false color to occur by the processing illustrated in
FIGS. 8(1a) to 8(1c) and FIGS. 9(2a) to 9(2¢).

[0142] First, as illustrated in FIG. 8(1a), when the G pixels
are positioned to the left of and below the central W pixel
(W4), the false color detection unit 201 obtains out_up,
in_up, in_dn, and out_dn according to the expressions (Ex-
pression 2a) to (Expression 2d) below. Note that W0 to W11
represent the pixel values of the W pixels illustrated in FIGS.
8(1a) to 8(1¢).

out_up=(W0+2x W1+ W2)/4 (Expression 2a)

in_up=(W3+2x WA+ W5)/4 (Expression 2b)

in_dn=(W6+2x W7+ W8)/4 (Expression 2¢)

out_dr=(W9+2x W10+ W11)/4

[0143] Note that, here, all of out_up, in_up, in_dn, and
out_dn are W pixel low-frequency signals generated with an
average value or weight adding of the pixel values of a plu-
rality of W pixels in a diagonally lower right direction in the
reference region that is the input pixel unit of the 7x7 pixels.

(Expression 2d)
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[0144] That is, out_up, in_up, in_dn, and out_dn are the W
pixel low-frequency signals corresponding to diagonally
lower right direction lines.

[0145] In the present processing example, all of out_up,
in_up, in_dn, and out_dn are values obtained such that the
pixel values of three W pixels in the diagonally lower right
direction are weight added at a ratio of 1:2:1.

[0146] in_up andin_dn are the W pixel low-frequency sig-
nals based on three W pixels of each of two diagonally lower
right lines [an upper side line (in_up) and a lower side line
(in_dn)] closest to the center of the reference region.

[0147] out_upisthe W pixel low-frequency signal based on
three W pixels in a diagonally lower right line adjacent to
in_up in an upper direction.

[0148] out_dnisthe W pixel low-frequency signal based on
three W pixels in a diagonally lower right line adjacent to in
do in a lower direction.

[0149] Among these four calculated values out_up, in_up,
in_dn, and out_dn, when the value of in_up orin_dn, which is
one of the two calculated values close to the central position
of the reference region, is large, and the value of out_up or
out_dn, which is one of the two calculated values separated
from the center, is small, the false color detection unit 201
determines that the G pixels in the vicinity of the center are
included in the highlighted region, and a possibility of occur-
rence of the false color is high.

[0150] To be specific, from the four W pixel low-frequency
signals out_up, in_up, in_dn, and out_dn in the diagonally
lower right lines,

[0151] a maximum value max (in_up, in_dn) of the two W
pixel low-frequency signals in_up and in_dn close to the
center,

[0152] a maximum value max (out_up, out_dn) of the two
W pixel low-frequency signals out_up and out_dn separated
from the center, and

[0153] a difference value Diffl between these two maxi-
mum values

[0154] are calculated.

[0155] That is, the difference value Diff1 of the W pixels in

a diagonally upper right direction perpendicular to the four
diagonally lower right lines is calculated, and when the dif-
ference value satisfies an (Expression 3) below, the false color
detection unit 201 determines that a possibility of the pixel of
interest being the false color occurring pixel is high, and when
the difference value does not satisfy the (Expression 3), the
false color detection unit 201 determines that the pixel of
interest is not the false color occurring pixel.

Diffl =max(in_up,in_d»)-max(out_up,out_d#)

Diff1 >Thrl (Expression 3)

[0156] Note that, in the (Expression 3),

[0157] max (A, B)is a function that returns a larger value of
A and B, and

[0158] Thrl is a threshold.

[0159] Note that the threshold Thr1 may be a fixed value, a

value that can be set by the user, or an automatically calcu-
lated value.

[0160] FIG. 8(15) illustrates a corresponding example of
out_up, in_up, in_dn, and out_dn, and the threshold Thrl of
when the false color detection unit 201 determines that the
possibility of the pixel of interest being the false color occur-
ring pixel is high.

[0161] FIG. 8(1c) illustrates a corresponding example of
out_up, in_up, in_dn, and out_dn, and the threshold Thrl of
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when the false color detection unit 201 determines that the
pixel of interest is not the false color occurring pixel.

[0162] When the difference value satisfies the (Expression
3) described above, that is, the difference value satisfies the
following (Expression 3):

Diff1>Thrl

[0163] the false color detection unit 201 further performs
determination processing using the pixel values of the W
pixels in the diagonally lower right direction of the reference
region.

[0164] Determination processing using the pixel values of
the W pixels in the diagonally lower right direction of the
reference region will be described with reference to FIGS.
9(2a) to 9(2¢).

[0165] FIG. 9(2q) illustrates the reference region of 7x7
pixels in which the G pixels are positioned to the left of and
below the central W pixel (W4), similarly to FIG. 8(1a).
[0166] As illustrated in FIG. 9(2a), when the G pixels are
positioned to the left of and below the central W pixel (W4),
the false color detection unit 201 obtains out_up, in_up, cen-
ter, in_dn, and out_dn according to the following expressions
(Expression 4a) to (Expression 4e). Note that WO to W9
represent pixel values of the W pixels illustrated in FIG.
9(2a).

out_up=(W0+W1)/2

(Expression 3)

(Expression 4a)

in_up=(W2+W3)/2 (Expression 4b)

center=(W4+W5)/2 (Expression 4¢)

in_dn=(W6+WT7)/2 (Expression 4d)

out_dr=(WR+W9)/2

[0167] Note that, where,

[0168] allofout_up, in_up, center, in_dn, andout_dnare W
pixel low-frequency signals calculated with an average value
or weight adding of pixel values of a plurality of W pixels in
the diagonally upper right direction in the reference region.
[0169] In the present processing example, out_up, in_up,
center, in_dn, and out_dn are values obtained such that the
pixel values of two W pixels in the diagonally upper right
direction are weight added at a ratio of 1:1.

[0170] centeris the W pixel low-frequency signal based on
two W pixels in a diagonally upper right line closest to the G
pixels in the vicinity of the center of the reference region.
[0171] in_up is the W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to
center in an upper direction.

[0172] in_dn is the W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to
center in a lower direction.

[0173] out_up isthe W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to in_up
in an upper direction.

[0174] out_dnisthe W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to in do
in a lower direction.

[0175] Among these five calculated values out_up, in_up,
center, in_dn, and out_dn, when the value of in_up, in_dn, or
center, which is one of the three calculated values close to the
center position of the reference region, is large, and a differ-
ence between the above value and the value of out_up or
out_dn, which is one of the two calculated values separated

(Expression 4e)
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from the center, is large, the false color detection unit 201
determines that the G pixels in the vicinity of the center are
included in the highlighted region, and a possibility of occur-
rence of a false color is high.

[0176] To be specific, from the five W pixel low-frequency
signals out_up, in_up, center, in_dn, and out_dn in the diago-
nally upper right lines,

[0177] a maximum value max (in_up, center, in_dn) of the
three W pixel low-frequency signals in_up, center, and in_dn
close to the center,

[0178] a maximum value max (out_up, out_dn) of the two
W pixel low-frequency signals out_up and out_dn separated
from the center, and

[0179] a maximum difference value Diff2 between these
two maximum values

[0180] are calculated.

[0181] That is, the difference value Diff2 of the W pixels in
the diagonally lower right direction perpendicular to the five
diagonally upper right lines is calculated, and when the dif-
ference value satisfies an (Expression 5) described below, the
false color detection unit 201 determines that a possibility of
the pixel of interest being the false color occurring pixel is
high, and when the difference value does not satisty the
(Expression 5), the false color detection unit 201 determines
that the pixel of interest is not the false color occurring pixel.

Diff2=max(in_up,center,in_d»)-max(out_up,out_d»)

Diff2>Thr2

[0182] Note that, in the (Expression 5),

[0183] max (A, B, C) is a function that returns a largest
value among A, B, and C, and

[0184] Thr2 is a threshold.

[0185] Note that the threshold Thr2 may be a fixed value,
may be a value that can be set by the user, or may be auto-
matically calculated.

[0186] FIG. 9(25) illustrates a corresponding example of
out_up, in_up, center, in_dn, and out_dn, and the threshold
Thr2 of when the false color detection unit 201 determines
that the possibility of the pixel of interest being the false color
occurring pixel is high.

[0187] FIG. 9(2¢) illustrates a corresponding example of
out_up, in_up, center, in_dn, and out_dn, and the threshold
Thr2 of when the false color detection unit 201 determines
that the pixel of interest is not the false color occurring pixel.

(Expression 5)

[0188] Finally, the false color detection unit 201 determines
that,
[0189] the pixel of interest is the false color occurring pixel

when the difference value satisfies both of the two determi-
nation expressions of the (Expression 3) and the (Expression
5), and the pixel of interest is not the false color occurring
pixel when the difference value does not satisfy either one of
them.

[0190] That is, the false color detection unit 201 determines
that the pixel of interest is the false color occurring pixel only
when the difference value satisfies both of the following two
determination expressions:

Diff1 >Thrl (Expression 3)
Diff2>Thr2 (Expression 5)
[0191] The determination result is output to the low-band

signal calculation unit 202.
[0192] The false color determination processing described
with reference to FIGS. 8(1a) to 8(1¢) and FIGS. 9(2a) to
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9(2¢) is processing of when the central pixel (pixel of interest)
of'the 7x7 pixels that is the input pixel unit is the W pixel and
the G pixels are adjacent to the left of and below the central W
pixel.

[0193] Next, an example of the false color determination
processing of when the central pixel (pixel of interest) of the
7x7 pixels that is the input pixel unit is the W pixel and the G
pixels are adjacent to the right and above the central W pixel
will be described.

[0194] The false color detection unit 201 obtains, as illus-
trated in F1G. 10(3a), out_up, in_up, in_dn, and out_dn when
the central pixel of the input pixel unit is a W pixel (W7), and
the G pixels are adjacent to the right of and above the central
W pixel according to the following expressions (Expression
6a) to (Expression 6d). Note that WO to W11 represent the
pixel values of the W pixels illustrated in FIG. 10(3a).

out_up=(W0+2x W1+ W2)/4 (Expression 6a)

in_up=(W3+2x WA+ W5)/4 (Expression 6b)

in_dn=(W6+2x W7+ W8)/4 (Expression 6¢)

out_dr=(W9+2x W10+ W11)/4

[0195] The above expressions are similar to the (Expres-
sion 2a) to (Expression 2d) described with reference to FIGS.
8(1a) to 8(1¢),

[0196] all of out_up, in_up, in_dn, and out_dn are W pixel
low-frequency signal based on pixel values of a plurality of W
pixels in the diagonally lower right direction in the reference
region.

[0197] In the present processing example, these W pixel
low-frequency signals are values obtained such that the pixel
values of three W pixels in the diagonally lower right direc-
tion are weight added at a ratio of 1:2:1.

[0198] in_up andin_dn are the W pixel low-frequency sig-
nals based on three pixels in each of two diagonally lower
right lines [an upper side line (in_up) and a lower side line
(in_dn)] closest to the center of the reference region.

[0199] out_up isthe W pixel low-frequency signal based on
three W pixels in a diagonally lower right line adjacent to
in_up in an upper direction.

[0200] out_dnisthe W pixel low-frequency signal based on
three W pixels in a diagonally lower right line adjacent to in
do in a lower direction.

[0201] Among these four calculated values out_up, in_up,
in_dn, and out_dn, when the value of in_up orin_dn, which is
one of the two calculated values close to the central position
of the reference region, is large, and the value of out_up or
out_dn, that is one of the two calculated values separated from
the center, is small, the false color detection unit 201 deter-
mines that the G pixels in the vicinity of the center are
included in the highlighted region, and a possibility of occur-
rence of a false color is high.

[0202] To be specific, similarly to the processing described
with reference to FIGS. 8(1a) to 8(1¢), from the four W pixel
low-frequency signals out_up, in_up, in_dn, and out_dn in
the diagonally lower right lines,

[0203] a maximum value max (in_up, in_dn) of the two W
pixel low-frequency signals in_up and in_dn close to the
center,

[0204] a maximum value max (out_up, out_dn) of the two
W pixel low-frequency signals out_up and out_dn distant
from the enter, and

(Expression 6d)
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[0205] a difference value Diffl between these two maxi-
mum values

[0206] are calculated.

[0207] That is, the difference value Diff1 of the W pixels in

the diagonally upper right direction perpendicular to the four
diagonally lower right lines is calculated, and when the dif-
ference value satisfies the following (Expression 7), false
color detection unit 201 determines that a possibility of the
pixel of interest being the false color occurring pixel is high,
and when the difference value does not satisfy the (Expres-
sion 7), the false color detection unit 201 determines that the
pixel of interest is not the false color occurring pixel.

Diffl =max(in_up,in_d»)-max(out_up,out_d#)

Diff1 >Thrl (Expression 7)
[0208] Note that, in the (Expression 7),
[0209] max (A, B)is a function that returns a larger value of
A and B, and
[0210] Thrl is a threshold.
[0211] FIG. 10(35) illustrates a corresponding example of

out_up, in_up, in_dn, and out_dn, and the threshold Thrl of
when the false color detection unit 201 determines that a
possibility of the pixel of interest being the false color occur-
ring pixel is high.

[0212] FIG. 10(3¢) illustrates a corresponding example of
out_up, in_up, in_dn, and out_dn, and the threshold Thrl of
when the false color detection unit 201 determines that the
pixel of interest is not the false color occurring pixel.

[0213] When the difference value satisfies the (Expression
7) described above, that is, the difference value satisfies the
following (Expression 7):

Diff1>Thrl

[0214] the false color detection unit 201 further performs
determination processing using the pixel values of the W
pixels in the diagonally lower right direction of the reference
region.

[0215] Determination processing using the pixel values of
the W pixels in the diagonally lower right direction of the
reference region will be described with reference to FIGS.
11(4a) to 11(4c).

[0216] FIG.11(4a) illustrates, similarly to FIG. 10(3a), the
reference region of 7x7 pixels in which the G pixels are
positioned to the right of and above a central W pixel (W5).

[0217] The false color detection unit 201 obtains, as illus-
trated in FIG. 11(4a), out_up, in_up, center, in_dn, and out_
dn when the G pixels are positioned to the left of and below
the central W pixel (W5) according to the following expres-
sions (Expression 8a) to (Expression 8¢). Note that W0 to W9
represent the pixel values of the W pixels illustrated in FIG.
11(4a).

out_up=(W0+W1)/2

(Expression 7)

(Expression 8a)
in_up=(W2+W3)/2 (Expression 8b)
center=( W4+ WS5)/2 (Expression 8c)
in_dn=(W6+WT7)/2 (Expression &d)
out_dn=(W38+W9)/2

[0218]

(Expression 8¢)

Note that, here,
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[0219] allofout_up, in_up, center, in_dn, andout_dnare W
pixel low-frequency signals based on pixel values of a plu-
rality of W pixels in the diagonally upper right direction in the
reference region.

[0220] Inthe present processing example, the W pixel low-
frequency signals are values obtained such that the pixel
values of two W pixels in the diagonally upper right direction
are weight added at a ratio of 1:1.

[0221] center is the W pixel low-frequency signal based on
two W pixels in a diagonally upper right lines closest to the G
pixels in the vicinity of the center of the reference region.
[0222] in_up is the W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to
center in an upper direction.

[0223] in_dn is the W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to
center in a lower direction.

[0224] out_up isthe W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to in_up
in an upper direction.

[0225] out_dnisthe W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to in do
in a lower direction.

[0226] Among these five calculated values out_up, in_up,
center, in_dn, and out_dn, when the value of in_up, in_dn, or
center, which is one of the three calculated values close to the
central position of the reference region, is large, and a difter-
ence between the above value and the value of out_up or
out_dn, which is one of the two calculated values separated
from the center, is large, the false color detection unit 201
determines that the G pixels in the vicinity of the center are
included in the highlighted region, and a possibility of occur-
rence of a false color is high.

[0227] To be specific, from the five W pixel low-frequency
signal out_up, in_up, center, in_dn, and out_dn in the diago-
nally upper right lines,

[0228] a maximum value max (in_up, center, in_dn) of the
three W pixel low-frequency signals in_up, center, and in_dn
close to the center,

[0229] a maximum value max (out_up, out_dn) of the two
W pixel low-frequency signals out_up and out_dn distant
from the center, and

[0230] a difference value Diff2 between these two maxi-
mum values

[0231] are calculated.

[0232] That is, the difference value Diff2 of the W pixels in

the diagonally lower right direction perpendicular to the five
diagonally upper right lines is calculated, and when the dif-
ference value satisfies the following (Expression 9), the false
color detection unit 201 determines that a possibility of the
pixel of interest being the false color occurring pixel is high,
and when the difference value does not satisfy the (Expres-
sion 9), the false color detection unit 201 determines that the
pixel of interest is not the false color occurring pixel.

Diff2=max(in_up,center,in_dn)-max(out_up,out_d»)

Diff2>Thr2

[0233] Note that, in the (Expression 9),

[0234] max (A, B, C) is a function that returns a maximum
value of A, B, and C, and

[0235] Thr2 is a threshold.

[0236] FIG. 11(45) illustrates a corresponding example of
out_up, in_up, center, in_dn, and out_dn, and the threshold

(Expression 9)
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Thr2 of when the false color detection unit 201 determines
that a possibility of the pixel of interest being the false color
occurring pixel is high.

[0237] FIG. 11(4c) illustrates a corresponding example of
out_up, in_up, center, in_dn, and out_dn, and the threshold
Thr2 of when the false color detection unit 201 determines
that the pixel of interest is not the false color occurring pixel.

[0238] Finally, the false color detection unit 201 determines
that
[0239] the pixel of interest is the false color occurring pixel

when the difference value satisfies both of the two determi-
nation expressions of the (Expression 7) and the (Expression
9), and the pixel of interest is not the false color occurring
pixel when the difference value does not satisfy either one of
them.

[0240] That is, the false color detection unit 201 determines
that the pixel of interest is the false color occurring pixel only
when the difference value satisfies the following two deter-
mination expressions:

Diff1 >Thrl (Expression 7)
Diff2>Thr2 (Expression 9)
[0241] The determination result is output to the low-band

signal calculation unit 202.

[0242] As examples of the processing executed by the false
color detection unit 201, processing examples of determining
whether the green brightness false color has occurred when
[0243] (A) the central pixel is the W pixel, and the G pixels
are adjacent to the left of and below the central W pixel (FIGS.
8(1a) to 8(1¢) and FIGS. 9(2a) to 9(2¢)), and

[0244] (B)the central pixel is the W pixel, and the G pixels
are adjacent to the right of and above the central W pixel
(FIGS. 10(3a) to 10(3¢) and FIGS. 11(4a) to 11(4¢))

[0245] have been described.

[0246] There are various other types of setting for the set-
ting of the input pixel unit, and even in a case of the various
other types of setting, the false color detection unit 201 basi-
cally executes similar processing, that is, determination pro-
cessing based on the following two types of comparison
processing:

[0247] (1) comparison processing between the difference
value Diff1 calculated based on the pixel values of the plu-
rality of W pixels in the diagonally lower right lines and the
threshold Thrl, and

[0248] (2) comparison processing between the difference
value Diff2 calculated based on the pixel values of the plu-
rality of W pixels in the diagonally upper right lines and the
threshold Thr2.

[0249] As comparison results of these two types of com-
parison, when the difference value is larger than the threshold,
the false color detection unit 201 determines that the pixel of
interest is the brightness false color pixel.

[0250] The false color detection unit 201 executes these
pieces of determination processing, and outputs the determi-
nation results to the low-band signal calculation unit 202.
[0251] Next, processing of detecting a green false color
occurring when the pixels of the highlighted region are almost
the W, R, and B pixels only, as illustrated in FIG. 3(54), will be
described. As illustrated in FIG. 3(5), when the pixels of the
highlighted region are configured from the W pixel, R pixel,
and B pixel, the pixel values of the R pixel and the B pixel
becomes relatively larger than the pixel values of the periph-
eral G pixels. As a result, the color balance is lost, and the
region is colored to magenta.
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[0252] FIGS. 12(a) to 12(e) illustrate configuration
examples of the highlighted regions where a magenta false
color occurs, similarly to FIG. 3(b). The regions surrounded
by the dotted line circles represent the highlighted regions.

[0253] Processing examples of the false color detection
unit 201 will be described with reference to FIGS. 13(54) to
13(5¢).

[0254] The processing examples illustrated in FIGS.

13(5a) to 13(5¢) and FIGS. 14(6a) to 14(6¢) are processing
examples of when the central pixel (pixel of interest) of the
input pixel unit (7x7 pixels) is the R pixel.

[0255] FIGS. 13(5q) to 13(5¢) illustrates examples of com-
parison processing between the difference value Diff1 calcu-
lated based on the pixel value of a plurality of W pixels in
diagonally lower right lines and the threshold Thrl, and
[0256] FIGS. 14(6a) to 14(6¢) illustrates examples of com-
parison processing between the difference value Diff2 calcu-
lated based on the pixel values of a plurality of W pixels in
diagonally upper right lines and the threshold Thr2.

[0257] The examples illustrated in FIGS. 13(5q) to 13(5¢)
are similar processing to the processing of FIGS. 8(1a) to
8(1¢) and FIGS. 10(34a) to 10(3¢) described above. However,
a difference is that the center of the input pixel unit is the R
pixel.

[0258] A plurality of diagonally lower right lines from a
position close to the reference region is set, low-frequency
signals of W pixels, that is, W low-band signals of the W
pixels are calculated using a plurality of W pixel values on the
lines, and a difference value between a maximum W low-
frequency signal value of the plurality of lines closer to the
center and a maximum W low-frequency signal value of the
plurality of lines distant from the center is calculated. That is,
adifference value ofthe W pixels in the diagonally upper right
direction perpendicular to the four diagonally lower right
lines is calculated as Diff1. Further, the calculated difference
value Diff1 and the threshold Thrl set in advance are com-
pared.

[0259] This processing is similar to the processing of [ (Ex-
pression 2a) to (Expression 2d), and (Expression 3)]
described with reference to FIGS. 8(1a) to 8(1c¢), and the
processing of [(Expression 6a) to (Expression 6d), and (Ex-
pression 7)] described with reference to FIGS. 10(3a) to
10(3¢).

[0260] When the difference value Diffl is larger than the
threshold Thr1 determined in advance, there is a possibility of
the pixel of interest being the brightness false color pixel, and
further, processing illustrated in FIGS. 14(6a) to 14(6¢), that
is, the comparison processing between the difference value
Diff2 calculated based on the pixel values of the plurality of
W pixels in the diagonally upper right lines and the threshold
Thr2.

[0261] An example illustrated in FIGS. 14(64) to 14(6¢) is
similar processing to the processing of FIGS. 9(2a) to 9(2¢)
and FIGS. 11(4a) to 11(4c) described above. However, a
difference is that the center of the input pixel unit is the R
pixel. Further, a difference is that six diagonally upper right
lines are set and used.

[0262] When the R pixel is positioned in the center, as
illustrated in FIG. 14(6), the false color detection unit 201
obtains out_up, in_up, center, in_dn, and out_dn according to
the following expressions (Expression 10a) to (Expression
10f). Note that WO to W11 represent the pixel values of the W
pixels illustrated in FIG. 14(6a).

out_up=(W0+W1)/2 (Expression 10a)
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mid-up=(#2+W3)/2 (Expression 10b)

in_up=(Wa+Wws)/2 (Expression 10c¢)

in_dn=(W6+WT7)/2 (Expression 10d)

mid_drn=(W8+W9)/2 (Expression 10e)

out_dn=(W10+W11)/2

[0263] Note that, here

[0264] all of out_up, mid-up, in_up, in_dn, mid_dn, and
out_dn are W pixel low-frequency signals calculated with an
average value and weight adding of the pixel values of a
plurality of W pixels in the diagonally upper right direction in
the reference region.

[0265] In the processing example, the W pixel low-fre-
quency signals are obtained such that the pixel values of two
W pixels in the diagonally upper right direction are weight
added at a ratio of 1:1.

[0266] in_up is the W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to the
central R pixel in an upper direction.

[0267] in_dn is the W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to the
central R pixel in a lower direction.

[0268] mid-up isthe W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to in_up
in an upper direction.

[0269] mid_dn is the W pixel low-frequency signal based
ontwo W pixels in a diagonally upper right line adjacent to in
do in a lower direction.

[0270] out_upisthe W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to
mid-up in an upper direction.

[0271] out_dnisthe W pixel low-frequency signal based on
two W pixels in a diagonally upper right line adjacent to mid
do in a lower direction.

[0272] Among these six calculated values out_up, mid-up,
in_up, in_dn, mid_dn, and out_dn, when the value of mid-up,
in_up, in_dn, or mid_dn, which is one of the four calculated
values close to the central position of the reference region,
and a difference between the value of the four calculated
values and the value of out_up or out_dn, which is one of the
two calculated values separated from the center, is large, the
false color detection unit 201 determines that the R pixel in
the vicinity of the center is included in the highlighted region,
and a possibility of occurrence of a false color is high.
[0273] To be specific, from the six W pixel low-frequency
signals out_up, mid-up, in_up, in_dn, mid_dn, and out_dn in
the diagonally upper right lines,

[0274] a maximum value max (mid-up, in_up, in_dn, mid_
dn) of the four W pixel low-frequency signals mid-up, in_up,
in_dn, and mid_dn close to the center,

[0275] a maximum value max (out_up, out_dn) of the two
W pixel low-frequency signals out_up, and out_dn distant
from the center, and

(Expression 10f)

[0276] a difference value Diff2 between these two maxi-
mum values

[0277] are calculated.

[0278] That is, the difference value Diff2 of the W pixels in

the diagonally lower right direction perpendicular to the six
diagonally upper right lines is calculated, and when the dif-
ference value satisfies the following (Expression 11), the false
color detection unit 201 determines that a possibility of the
pixel of interest being the false color occurring pixel is high,
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and when the difference value does not satisfy the (Expres-
sion 11), the false color detection unit 201 determines that the
pixel of interest is not the false color occurring pixel.

Diff2=max(mid-up,in_up,in_d»,mid_dn)-max (out_
up,out_dn)

Diff2>Thr2

[0279] Note that, in the (Expression 11),

[0280] max (A, B, C) is a function that returns a maximum
value of A, B, and C, and

[0281] Thr2 is a threshold.

[0282] Note that the threshold Thr2 may be a fixed value,
may be a value that can be set by the user, or may be auto-
matically calculated.

[0283] FIG. 14(65b) illustrates a corresponding example of
out_up, mid-up, in_up, in_dn, mid_dn, and out_dn, and the
threshold Thr2 of when the false color detection unit 201
determines that a possibility of the pixel of interest being the
false color occurring pixel is high.

[0284] FIG. 14(6¢) illustrates a corresponding example of
out_up, mid-up, in_up, in_dn, mid_dn, and out_dn, and the
threshold Thr2 of when the false color detection unit 201
determines that the pixel of interest is not the false color
occurring pixel.

[0285] As described above, the false color detection unit
201 determines whether the following determination expres-
sions are satisfied according to the processing described with
reference to FIGS. 13(54a) to 13(5¢) and FIGS. 14(6a) to
14(6¢).

Diff1>Thrl

(Expression 11)

Diff2>Thr2

[0286] Only when the above two determination expres-
sions are satisfied, the false color detection unit 201 deter-
mines that the pixel of interest is the false color occurring
pixel.

[0287] The determination result is output to the low-band
signal calculation unit 202.

[0288] FIGS. 15(5a) to 15(5¢) and FIGS. 16(6a) to 16(6¢)
illustrate processing examples of when the central pixel is the
B pixel.

[0289] FIGS. 15(54a) to 15(5¢) illustrate examples of com-
parison processing between the difference value Diff1 calcu-
lated based on the pixel values of a plurality of W pixels in the
diagonally lower right lines and the threshold Thrl, and
[0290] FIGS. 16(6a) to 16(6¢) illustrate examples of com-
parison processing between the difference value Diff2 calcu-
lated based on the pixel values of a plurality of W pixels in the
diagonally upper right lines and the threshold Thr2.

[0291] These pieces of processing are similar to the pro-
cessing described with reference to FIGS. 13(5q) to 13(5¢)
and FIGS. 14(6a) to 14(6¢) except that the central pixel is
replaced with the B pixel.

[0292] As described above, even when the central pixel is
the R pixel or the B pixel, the false color detection unit 201
determines whether both ofthe following two expressions are
satisfied:

Diff1>Thrl

Diff2>Thr2

[0293] When the expressions are satisfied, the false color
detection unit 201 determines that the pixel of interest is the
brightness false color pixel.
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[0294] When at least one of the above two expressions is
not satisfied, the false color detection unit 201 determines that
the pixel of interest is not the brightness false color pixel, and
outputs the determination result to the low-band signal cal-
culation unit 202.

[0295] As described above, the false color detection unit
201 executes the determination processing based on the fol-
lowing two pieces of comparison processing.

[0296] (1) The W pixel low-frequency component signals
corresponding to respective lines are calculated based on the
pixel values of the plurality of W pixels in the plurality of
diagonally lower right lines set in the vicinity of the pixel of
interest, and the comparison processing between the differ-
ence value Diff] between the maximum value of the W pixel
low-frequency component signals in the plurality of inner-
side lines close to the pixel of interest, and the maximum
value of the W pixel low-frequency component signals in the
plurality of outer-side lines distant from the pixel of interest,
and the threshold Thrl is performed, and

[0297] (2) the W pixel low-frequency component signals
corresponding to respective lines are calculated based on the
pixel values of the plurality of W pixels of the plurality of
diagonally upper right lines set to the vicinity of the pixel of
interest, and the comparison processing between the differ-
ence value Diff2 between the maximum value of the W pixel
low-frequency signals in the plurality of inner-side lines close
to the pixel of interest and the maximum value of the W pixel
low-frequency component signals in the plurality of outer-
side lines distant from the pixel of interest, and the threshold
Thr2 is performed.

[0298] As a result of these two pieces of comparison pro-
cessing, when the difference value is larger than the threshold,
the false color detection unit 201 determines that the pixel of
interest is the brightness false color pixel.

[0299] The false color detection unit 201 executes these
pieces of determination processing, and outputs the determi-
nation result to the low-band signal calculation unit 202.
[0300] Next, processing of the low-band signal calculation
unit 202 will be described.

[0301] The low-band signal calculation unit 202 calculates
a low-band signal (mR, mG, mB) of any of the R pixel, G
pixel, and B pixel used in the pixel interpolation unit 203, and
a low-band signal (mW) of the W pixel.

[0302] The low-band signal calculation unit 202 inputs the
determination result indicating whether the pixel of interest to
serve as an object to be interpolated in the pixel interpolation
unit 203, that is, the pixel of interest in the center of the input
unit pixels (7x7 pixels) is the brightness false color pixel,
from the false color detection unit 201.

[0303] When having been input the determination result
indicating that the pixel of interest is not the brightness false
color pixel, from the false color detection unit 201, the low-
band signal calculation unit 202 calculates the low-band sig-
nal using a first low-pass filter (LPF) coefficient determined
in advance, that is, a normal LPF coefficient such that a pixel
closer to the position of the pixel of interest, that is, a pixel
closer to the center of the reference region has a larger coet-
ficient.

[0304] Meanwhile, when having been input the determina-
tion result indicating that the pixel of interest is the brightness
false color pixel, from the false color detection unit 201, the
low-band signal calculation unit 202 calculates the low-band
signal by applying a second low-pass filter (LPF) coefficient
in which a correction effect of a false color is enhanced.
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[0305] The second low-pass filter (LPF) coefficient is a
coefficient such that a pixel close to the position of the pixel
of'interest as an object to be converted, that is, a pixel close to
the center of the reference region as a 7x7 input pixel unit is
set to have a small coefficient. This processing is processing
for calculating an interpolation pixel value while suppressing
influence of the pixel values in the highlighted region.
[0306] Performing of such processing suppresses the influ-
ence of the pixel values in the highlighted region, and
enhances a decrease in a false color.

[0307] The low-band signal calculation unit 202 calculates
the low-band signals mR, mG, mB, and mW with respect to
respective RGBW signals. That is, the low-band signal cal-
culation unit 202 selectively executes the following process-
ing.

[0308] When the pixel of interest is determined to be the
false color pixel, the low-band signal calculation unit 202 sets
a pixel value contribution rate of the reference pixel in a
region close to the pixel of interest to be low, and performs
processing of calculating the low-band signal applying the
low-pass filter (LPF) in which the pixel value contribution
rate of the reference pixel in a peripheral region distant from
the pixel of interest is set to be high.

[0309] Whenthe pixel of interest is determined not to be the
false color pixel, the low-band signal calculation unit 202 sets
the pixel value contribution rate of the reference pixel in a
region close to the pixel of interest to be high, and performs
processing of calculating the low-band signal applying the
low-pass filter (LPF) in which the pixel value contribution
rate of the reference pixel in a peripheral region distant from
the pixel of interest to be low.

[0310] Examples of the coefficients of the LPF will be
described with reference to FIGS. 17(1a) to 17(1¢).

[0311] The examples illustrated in FIGS. 17(1a) to 17(1¢)
are setting examples of the LPFs applied to the processing of
calculating the low-band signal mG of a G signal of when the
central pixel of the input pixel unit is the W pixel and the G
pixels are positioned to the left of and below the central W
pixel.

[0312] FIG. 17(1a) illustrates an example of the input pixel
unit, and illustrates the G pixels applied to the processing of
calculating the low-band signal mG of a G signal of when the
central pixel is the W pixel, and the G pixels are positioned to
the left of and below the central W pixel by thick frame.
[0313] FIG. 17(15) illustrates a setting example of a first
low-pass filter (LPF) coefficient of when the pixel of interest
as the central pixel is determined not to be the false color
pixel, that is, a normal LPF coefficient such that a pixel closer
to the position of the pixel of interest, that is, a pixel closer to
the center of the reference region has a larger coefficient.
[0314] FIG.17(1¢)illustrates a setting example of a second
low-pass filter (LPF) coefficient of when the pixel of interest
as the central pixel of the input pixel unit is determined to be
the false color pixel, that is, an LPF coefficient in which a
pixel closer to the position of the pixel of interest, that is, a
pixel closer to the center of the reference region is set to have
a smaller coefficient.

[0315] When the pixel of interest as the central pixel is
determined not to be the false color pixel, a G low-band signal
mG positioned at the pixel of interest is a value obtained such
that the G pixel values of the twelve G pixels at respective
pixel positions in the reference region illustrated in FIG.
17(1a) are multiplied by the coefficients (1/32 to 6/32) illus-
trated in FIG. 17(15), and the multiplied values are added.
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[0316] Meanwhile, when the pixel of interest as the central
pixel is determined to be the false color pixel, the G low-band
signal mG corresponding to the position of the pixel of inter-
est is a value obtained such that the pixel values of the twelve
G pixels at respective pixel positions in the reference regions
illustrated in FIG. 17(1a) are multiplied by the coefficients
(0/16 to 3/16) illustrated in FIG. 17(1¢), and the multiplied
values are added.

[0317] A substantially different point of the setting of the
LPF coefficients between FIGS. 17(15) and 17(1¢) is coeffi-
cients with respect to the two G pixels close to the center. A
large coefficient is set when the pixel of interest as the central
pixel is determine not to be the false color pixel, and a small
coefficient is set when the pixel of interest as the central pixel
is determined to be the false color pixel.

[0318] With this processing, when the pixel of interest as
the central pixel is determined not to be the false color pixel,
the G low-band signal mG becomes a value to which the G
pixel value close to the center of the reference region is
reflected largely.

[0319] Meanwhile, when the pixel of interest as the central
pixel is determined to be the false color pixel, the G low-band
signal mG becomes a value in which reflection of the G pixel
value close to the center of the reference region is zero or
suppressed.

[0320] Note that the setting examples of the coefficients
illustrated in FIGS. 17(1a) to 17(1c¢) are specific examples,
and the coefficients may be set to other coefficients, as long as
the LPF coefficients are set such that the pixel close to the
center of the reference region has a large coefficient when the
pixel of interest as the central pixel is determined not to be the
false color pixel, and a pixel close to the center of the refer-
ence region has a small coefficient when the pixel of interest
is determined to be the false color pixel.

[0321] Examples illustrated in FIGS. 18(2a) to 18(2¢) are
setting examples of LPFs applied to the processing of calcu-
lating the low-band signal mG of the G signal of when the
central pixel of the input pixel unit is the W pixel, and the G
pixels are positioned to the right of and above the central W
pixel.

[0322] FIG. 18(2a) illustrates an example of the input pixel
unit, and illustrates the G pixels applied to the processing of
calculating the low-band signal mG of the G signal of when
the central pixel is the W pixel, and the G pixels are positioned
to the right of and above the central W pixel, by thick frame.
[0323] FIG. 18(25) illustrates a setting example of a first
low-pass filter (LPF) coefficient of when the pixel of interest
as the central pixel is determined not to be the false color
pixel, that is, a normal LPF coefficient set such that a pixel
closer to the position of the pixel of interest, that is, a pixel
closer to the center of the reference region has a larger coet-
ficient.

[0324] FIG.18(2¢)illustrates a setting example of a second
low-pass filter (LPF) coefficient of when the pixel of interest
as the central pixel of the input pixel unit is determined to be
the false color pixel, that is, an LPF coefficient in which a
pixel closer to the position of the pixel of interest, that is, a
pixel closer to the center of the reference region is set to have
a smaller coefficient.

[0325] When the pixel of interest as the central pixel is
determined not to be the false color pixel, a G low-band signal
mG positioned at the pixel of interest is a value obtained such
that the G pixel values of the twelve G pixels at respective
pixel positions in the reference region illustrated in FIG.
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18(2a) are multiplied by the coefficients (1/32 to 6/32) illus-
trated in FIG. 18(254), and the multiplied values are added.
[0326] Meanwhile, when the pixel of interest as the central
pixel is determined to be the false color pixel, the G low-band
signal mG corresponding to the position of the pixel of inter-
est is a value obtained such that the pixel values of the twelve
G pixels at respective pixel positions in the reference regions
illustrated in FIG. 18(2a) are multiplied by the coefficients
(0/16 to 3/16) illustrated in FIG. 18(2¢), and the multiplied
values are added.

[0327] A substantially different point of the setting of the
LPF coefficients between FIGS. 18(26) and 18(2c¢) is coeffi-
cients with respect to the two G pixels close to the center. A
large coefficient is set when the pixel of interest as the central
pixel is determine not to be the false color pixel, and a small
coefficient is set when the pixel of interest as the central pixel
is determined to be the false color pixel.

[0328] With this processing, when the pixel of interest as
the central pixel is determined not to be the false color pixel,
the G low-band signal mG becomes a value to which the G
pixel value close to the center of the reference region is
reflected largely.

[0329] Meanwhile, when the pixel of interest as the central
pixel is determined to be the false color pixel, the G low-band
signal mG becomes a value in which reflection of the G pixel
value close to the center of the reference region is zero or
suppressed.

[0330] Note that the setting examples of the coefficients
illustrated in FIGS. 18(24a) to 18(2¢) are specific examples,
and the coefficients may be set to other coefficients, as long as
the LPF coefficients are set such that the pixel closer to the
center of the reference region has a larger coefficient when the
pixel of interest as the central pixel is determined not to be the
false color pixel, and a pixel closer to the center of the refer-
ence region has a smaller coefficient when the pixel of interest
is determined to be the false color pixel.

[0331] The examples illustrated in FIGS. 17(1a) to 17(1¢)
and FIGS. 18(2a) to 18(2c¢) are setting examples of the LPF
coefficients applied to calculation of the G low-band signal
mG of when the center of the input unit pixel region is the W
pixel.

[0332] In processing of calculating various low-band sig-
nals mR, mG, mB, and mW in other cases of input unit pixel
setting, the low-band signal calculationunit 202 also executes
similar processing, and performs processing of calculating
the low-band signal.

[0333] That is, the low-band signal calculation unit 202
executes the low-pass filter application processing and
executes the processing of calculating the low-band signals
mR, mG, mB, and mW in which the LPF coefficients are set
such that a pixel closer to the center of the reference region
has a larger coefficient when the pixel of interest as the central
pixel in the reference region is determined not to be the false
color pixel, and a pixel closer to the center of the reference
region has a smaller coefficient when the pixel of interest is
determined to be the false color pixel.

[0334] FIGS.19(3a)to19(3¢) illustrate setting examples of
LPFs applied to the processing of calculating the low-band
signal mB of a B signal of when the central pixel of the input
pixel unit is the R pixel.

[0335] FIG. 19(3a) illustrates an example of the input pixel
unit, and illustrates the B pixels applied to the processing of
calculating the low-band signal mB of the B signal of when
the central pixel is the R pixel, by thick frame.
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[0336] FIG. 19(35) illustrates a setting example of a first
low-pass filter (LPF) coefficient of when the pixel of interest
as the central pixel is determined not to be the false color
pixel, that is, a normal LPF coefficient set such that a pixel
closer to the position of the pixel of interest, that is, a pixel
closer to the center of the reference region has a larger coet-
ficient.

[0337] FIG.19(3¢)illustrates a setting example of a second
low-pass filter (LPF) coefficient of when the pixel of interest
as the central pixel of the input pixel unit is determined to be
the false color pixel, that is, an LPF coefficient in which a
pixel closer to the position of the pixel of interest, that is, a
pixel closer to the center of the reference region is set to have
a smaller coefficient.

[0338] When the pixel of interest as the central pixel is
determined not to be the false color pixel, a B low-band signal
mB corresponding to the position of the pixel of interest is a
value obtained such that the B pixel values of the eight B
pixels at respective pixel positions in the reference region
illustrated in FIG. 19(3a) are multiplied by the coefficients
(1/32 to 9/32) illustrated in FIG. 19(35), and the multiplied
values are added.

[0339] Meanwhile, when the pixel of interest as the central
pixel is determined to be the false color pixel, the B low-band
signal mB corresponding to the position of the pixel of inter-
est is a value obtained such that the pixel values of the eight B
pixels at respective pixel positions in the reference regions
illustrated in FIG. 19(3a) are multiplied by the coefficients
(0/16 to 3/16) illustrated in FIG. 19(3¢), and the multiplied
values are added.

[0340] A substantially different point of the setting of the
LPF coefficients between FIGS. 19(35) and 19(3¢) is coeffi-
cients with respect to the two B pixels close to the center. A
large coefficient is set when the pixel of interest as the central
pixel is determine not to be the false color pixel, and a small
coefficient is set when the pixel of interest as the central pixel
is determined to be the false color pixel.

[0341] With this processing, when the pixel of interest as
the central pixel is determined not to be the false color pixel,
the B low-band signal mB becomes a value to which the B
pixel value close to the center of the reference region is
reflected largely.

[0342] Meanwhile, when the pixel of interest as the central
pixel is determined to be the false color pixel, the B low-band
signal mB becomes a value in which reflection of the B pixel
value close to the center of the reference region is zero or
suppressed.

[0343] Note that the setting examples of the coefficients
illustrated in FIGS. 19(3a) to 19(3¢) are specific examples,
and the coefficients may be set to other coefficients, as long as
the LPF coefficients are set such that the pixel closer to the
center of the reference region has a larger coefficient when the
pixel of interest as the central pixel is determined not to be the
false color pixel, and a pixel closer to the center of the refer-
ence region has a smaller coefficient when the pixel of interest
is determined to be the false color pixel.

[0344] FIGS. 20(4a)to 20(4c¢) illustrate setting examples of
LPFs applied to the processing of calculating the low-band
signal mR of an R signal of when the central pixel of the input
pixel unit is the B pixel.

[0345] FIG. 20(4b) illustrates an example of the input pixel
unit and illustrates the R pixels applied to the processing of
calculating the low-band signal mR of the R signal of when
the central pixel is the B pixel, by thick frame.
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[0346] FIG. 20(45) illustrates a setting example of a first
low-pass filter (LPF) coefficient of when the pixel of interest
as the central pixel is determined not to be the false color
pixel, that is, a normal LPF coefficient set such that a pixel
closer to the position of the pixel of interest, that is, a pixel
closer to the center of the reference region has a larger coef-
ficient.

[0347] FIG. 20(4¢) illustrates a setting example of a second
low-pass filter (LPF) coefficient of when the pixel of interest
as the central pixel of the input pixel unit is determined to be
the false color pixel, that is, an LPF coefficient in which a
pixel closer to the position of the pixel of interest, that is, a
pixel close to the center of the reference region is set to have
a smaller coefficient.

[0348] When the pixel of interest as the central pixel is
determined not to be the false color pixel, a R low-band signal
mR corresponding to the position of the pixel of interest is a
value obtained such that the R pixel values of the eight R
pixels at respective pixel positions in the reference region
illustrated in FIG. 20(4a) are multiplied by the coefficients
(1/32 to 9/32) illustrated in FIG. 20(45), and the multiplied
values are added.

[0349] Meanwhile, when the pixel of interest as the central
pixel is determined to be the false color pixel, the R low-band
signal mR corresponding to the position of the pixel of inter-
estis a value obtained such that the pixel values of the eight R
pixels at respective pixel positions in the reference regions
illustrated in FIG. 20(4a) are multiplied by the coefficients
(0/16 to 3/16) illustrated in FIG. 20(4¢), and the multiplied
values are added.

[0350] A substantially different point of the setting of the
LPF coefficients between FIGS. 20(4b) and 20(4c¢) is coeffi-
cients with respect to the two B pixels close to the center. A
large coefficient is set when the pixel of interest as the central
pixel is determined not to be the false color pixel, and a small
coefficient is set when the pixel of interest as the central pixel
is determined to be the false color pixel.

[0351] With this processing, when the pixel of interest as
the central pixel is determined not to be the false color pixel,
the R low-band signal mR becomes a value to which the R
pixel value close to the center of the reference region is
reflected largely.

[0352] Meanwhile, when the pixel of interest as the central
pixel is determined to be the false color pixel, the R low-band
signal mR becomes a value in which reflection of the R pixel
value close to the center of the reference region is zero or
suppressed.

[0353] Note that the setting examples of the coefficients
illustrated in FIGS. 20(4a) to 20(4c¢) are specific examples,
and the coefficients may be set to other coefficients, as long as
the LPF coefficients are set such that the pixel closer to the
center of the reference region has a larger coefficient when the
pixel of interest as the central pixel is determined not to be the
false color pixel, and a pixel closer to the center of the refer-
ence region has a smaller coefficient when the pixel of interest
is determined to be the false color pixel.

[0354] Inthis way, the low-band signal calculation unit 202
inputs the determination information indicating whether the
pixel of interest in the center of the input pixel unit as a pixel
of'the object to be processed is the brightness false color, from
the false color detection unit, calculates the low-band signals
mR, mG, mB, and mW of respective RGBW signals by the
LPF application processing in which the different LPF coet-
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ficients are set according to the input information, and inputs
the calculated signals to the pixel interpolation unit 203.
[0355] The pixel interpolation unit 203 performs pixel
interpolation processing of converting an RGBW array into
an RGB array, that is, re-mosaic processing, applying the
low-band signals mR, mG, mB, and mW of the respective
RGBW signals input from the low-band signal calculation
unit 202.

[0356] Note that, as described above, the pixel interpolation
processing executed by the pixel interpolation unit 203 is
processing according to the processing described in Japanese
Patent Application Laid-Open No. 2011-182354, which is an
earlier application of the applicant of the present application,
except for using the low-band signals mR, mG, mB, and mW
input from the low-band signal calculation unit 202.

[0357] That is, the pixel interpolation unit 203 executes the
following processing as the processing of converting an
RGBW pixel array to an RGB pixel array:

[0358] processing of converting the W pixel into the G
pixel;

[0359] processing of converting the G pixel into the R or B
pixel;

[0360] processing of converting the R pixel into the B pixel;
and

[0361] processing of converting the B pixel into the R pixel.
[0362] When performing these pieces of conversion pro-

cessing, the pixel interpolation unit 203 sets, according to a
pixel color of a destination of the conversion between the
pixels of interest, the W pixels in the reference region to be the
pixel color, and calculates the pixel value of the pixel of
interest, on an assumption that the following relations are
established:

[0363] a proportional relation between the low-band signal
mW ofthe W pixel and the low-band signal mG of the G pixel;
[0364] a proportional relation between the low-band signal
mW of the W pixel and the low-band signal mR of the R pixel;
and

[0365] a proportional relation between the low-band signal
mW of the W pixel and the low-band signal mB of the B pixel;
[0366] are established in a local region such as the 7x7
reference region, for example.

[0367] In this processing, the low-band signals mR, mG,
mB, and mW of the respective RGBW signals input from the
low-band signal calculation unit 202 is applied.

[0368] The low-band signals mR, mG, mB, and mW of the
respective RGBW signals input from the low-band signal
calculation unit 202 become signals in which the degree of
reflection of the pixel values in the vicinity of the brightness
false color region is suppressed to be low when the pixel of
interest that is to be the object to be converted is determined
to have the brightness false color, and as a result, the pixel
interpolation unit 203 can set an interpolation pixel value in
which the influence of the false color is suppressed.

[0369] A processing sequence executed by the data conver-
sion processing unit of the image processing device of the
present disclosure will be described with reference to the
flowchart illustrated in FIG. 21.

[0370] The flowchart illustrated in FIG. 21 is a processing
sequence with respect to one pixel to be converted of when the
RGBW array is converted into the RGB array, and is process-
ing executed in the data conversion processing unit by input-
ting the reference pixel region including the pixel to be con-
verted, for example, the 7x7 pixel region. The processing
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according to the flow illustrated in FIG. 21 is sequentially
executed with respect to processed pixels.

[0371] First, in step S101, the difference value Diffl of W
in the diagonally upper right direction of the reference region
is obtained.

[0372] Next, in step S102, the Dift1 and the threshold Thrl
are compared.
[0373] This processing is the processing executed by the

false color detection unit 201 illustrated in FIG. 5, and is the
processing described with reference to FIGS. 8(1a) to 8(1¢),
FIGS. 10(3a) to 10(3¢), and FIGS. 12(a) to 12(e).

[0374] A plurality of diagonally lower right lines is set from
a position close to the center of the reference region, the W
low-band signals are calculated using a plurality of W pixel
values on the respective lines, and a difference value between
the maximum W low-frequency signal value in a plurality of
lines closer to the center, and the maximum W low-frequency
signal value in a plurality of lines distant from the center is
calculated. That is, the difference value of the W pixels in the
diagonally upper right direction perpendicular to the four
diagonally lower right lines is calculated as the Diff1.
[0375] Further, the calculated difference value Diffl and
the predetermined threshold Thrl are compared.

[0376] As a result of the comparison processing between
the Diff1 and the threshold Thrl in step S102,

[0377] when the Diffl is larger than the threshold Thrl
(Yes), the processing proceeds to step S103, and when the
Diff1 is not larger than the threshold Thrl (No), the process-
ing proceeds to step S106.

[0378] The case where the Diffl is not larger than the
threshold Thrl (No) is a case in which the pixel of interest is
determined not to be the brightness false color, and the pro-
cessing proceeds to step S106, and a necessary low-band
signal is calculated by the low-pass filter (LPF) application
processing in which the LPF coefficient of the reference sig-
nal close to the pixel of interest is set relatively high. Note that
the necessary low-band signal is a low-band signal necessary
for being applied to the processing of converting the pixel of
interest to be executed in the pixel interpolation unit 203. At
least one or more low-band signals of the low-band signals
mR, mG, mB, and mW are calculated.

[0379] The processing of calculating the low-band signals
is the processing of the low-band signal calculation unit 202
illustrated in FIG. 5.

[0380] For example, as illustrated in FIGS. 17(156) and
18(25), the low-band signals are calculated by the low-pass
filter (LPF) application processing in which the LPF coeffi-
cient of the reference pixel close to the pixel of interest is set
relatively high.

[0381] Meanwhile, as aresult of the comparison processing
between the Diff1 and the threshold Thrl of step S102,
[0382] when the Diffl is determined to be larger than the
threshold Thrl (Yes), the processing proceeds to step S103.
[0383] This case is a case where the pixel of interest is
determined to be the brightness false color occurring pixel. In
this case, the processing proceeds to step S103.

[0384] In step S103, the difference value Diff2 of W in the
diagonally lower right direction of the reference region is
obtained.

[0385] Next, in step S104, the Diff2 and the threshold Thr2
are compared.
[0386] This processing is the processing described with

reference to FIGS. 9(2a) to 9(2¢), FIGS. 11(4a) to 11(4¢), and
FIGS. 13(5a) to 13(5¢).
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[0387] A plurality of diagonally upper right lines is set from
a position close to the center of the reference region, the W
low-band signals are calculated using a plurality of W pixel
values on the respective lines, and a difference value between
the maximum W low-frequency signal value of a plurality of
lines closer to the center, and the maximum W low-frequency
signal value of a plurality of lines distant from the center is
calculated. That is, for example, the difference value of the W
pixels in the diagonally lower right direction perpendicular to
the five diagonally upper right lines is calculated as the Diff2.

[0388] Further, the calculated difference value Diff2 and
the predetermined threshold Thr2 are compared.

[0389] As a result of the comparison processing between
the Diff2 and the threshold Thr2 of step S104,

[0390] when the Diff2 is larger than the threshold Thr2
(Yes), the processing proceeds to step S105, and when the
Diff2 is not larger than the threshold Thr2 (No), the process-
ing proceeds to step S106.

[0391] The case where the Diff2 is not larger than the
threshold Thr2 (No) is a case where the pixel of interest is
determined not to be the brightness false color, and the pro-
cessing proceeds to step S106. A necessary low-band signal is
calculated by the low-pass filter (LPF) application processing
in which the LPF coefficient of the reference pixel close to the
pixel of interest is set relatively high. Note that the necessary
low-band signal is a low-band signal necessary for being
applied to the processing of converting the pixel of interest to
be executed in the pixel interpolation unit 203. At least one or
more low-band signals of the low-band signals mR, mG, mB,
and mW are calculated.

[0392] This processing of calculating the low-band signal
is the processing of the low-band signal calculation unit 202
of FIG. 5.

[0393] For example, as illustrated in FIGS. 17(156) and
18(25), the low-band signals are calculated by the low-pass
filter (LPF) application processing in which the LPF coeffi-
cient of the reference pixel close to the pixel of interest is set
relatively high.

[0394] Meanwhile, as aresult of the comparison processing
between the Diff2 and the threshold Thr2 of step S104,
[0395] when the Diff2 is determined to be larger than the
threshold Thr2 (Yes), the processing proceeds to step S105.

[0396] This case is a case where the pixel of interest is
determined to be the brightness false color occurring pixel. In
this case, the processing proceeds to step S105.

[0397] In step S105, a necessary low-band signal is calcu-
lated by the low-pass filter (LPF) application processing in
which the LPF coefficient of the reference pixel close to the
pixel of interest is set relatively low. Note that the necessary
low-band signal is a low-band signal necessary for being
applied to the processing of converting the pixel of interest to
be executed in the pixel interpolation unit 203. At least one or
more low-band signals of the low-band signals mR, mG, mB,
and mW are calculated.

[0398] This processing of calculating the low-band signals
is the processing of the low-band signal calculation unit 202
illustrated in FIG. 5.

[0399] For example, as illustrated in FIGS. 17(1¢) and
18(2c¢), the low-band signals are calculated by the low-pass
filter (LPF) application processing in which the LPF coeffi-
cient of the reference pixel close to the pixel of interest is set
relatively low.
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[0400] Instep S107, aninterpolation pixel value of the pixel
of interest is calculated, applying either the low-band signals
generated in step S105, or the low-band signals generated in
step S106.

[0401] This processing is the processing executed by the
pixel interpolation unit 203 illustrated in FIG. 5.

[0402] The pixel interpolation unit 203 performs the inter-
polation processing using the low-band signals generated in
step S105 when the pixel of interest is determined to be the
brightness false color, and using the low-band signals gener-
ated in step S106 when the pixel of interest is determined not
to be the brightness false color.

[0403] To be specific, when the pixel of interest is deter-
mined to be the brightness false color, the pixel interpolation
unit 203 performs the interpolation processing using the low-
band signals generated by the low-pass filter (LPF) applica-
tion processing in which the LPF coefficient of the reference
pixel close to the pixel of interest is set relatively low.
[0404] Meanwhile, when the pixel of interest is determined
not to be the brightness false color, the pixel interpolation unit
203 performs the interpolation processing using the low-band
signals generated by the low-pass filter (LPF) application
processing in which the LPF coefficient of the reference pixel
close to the pixel of interest is set relatively high.

[0405] With these pieces of processing, with respect to the
interpolation pixel value of the pixel region determined to be
the brightness false color, the setting of the interpolation pixel
value in which the effect of the brightness false color is
reduced is performed.

[0406] Note that the processing illustrated in FIG. 21 is
executed according to the program stored in the memory 130
illustrated in FIG. 4 under control of the control unit 140, for
example.

[0407] The data conversion processing unit 200 illustrated
in FIGS. 4 and 5 generates an image by the above-described
processing, according to the RGB array 182 as a result of the
false color correction and the re-mosaic processing, and out-
puts the image to the RGB signal processing unit 250.
[0408] The RGB signal processing unit 250 executes pro-
cessing similar to the signal processing unit included in the
conventional camera, or the like. To be specific, the RGB
signal processing unit 250 executes the de-mosaic process-
ing, the white balance adjustment processing, the 7 correction
processing, and the like, to generate the color image 183. The
generated color image 183 is recorded in the memory 130.

[2. A Modification of a False Color Detection Unit and a
Low-Band Signal Calculation Unit]

[0409] In the above-described embodiment, the false color
detection unit 201 determines that the pixel of interest is the
brightness false color occurring pixel when the two determi-
nation expressions of the determination processing are satis-
fied:

[0410] the determination processing of step S102 in the
flow of FI1G. 21, that is,

Diffl>Thrl, and
[0411]
Diff2>Thr2.

[0412] Further, the description has been given in that the
low-band signal calculation unit executes the processing of
calculating the low-band signals, applying the different LPF
coefficients according to whether the pixel of interest is the

the determination processing of step S104, that is,
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brightness false color pixel, as described with reference to
FIGS. 17(1a) to 17(1¢) and FIGS. 18(2a) to 18(2¢).

[0413] The processing of detecting the false color by the
false color detection unit 201 and the processing of calculat-
ing the low-band signals by the low-band signal calculation
unit 202 are not limited thereto, and a configuration in which
other pieces of processing are executed may be employed. An
example will be described below.

[0414] FIGS. 22(a) to 22(g) illustrates examples of high-
lighted regions where a brightness false color occurs, when G
pixels are positioned to the left of and below a central W pixel.
Regions within the dotted line frames in FIGS. 22(a) to 22(g)
are the highlighted regions.

[0415] A false color detection unit 201 focuses on W pixels
in an input pixel unit, that is, in a reference region of 7x7
pixels, and detects W pixels having a high pixel value. Fur-
ther, the false color detection unit 201 determines whether the
W pixels having a high pixel value match a pattern of W pixels
in any of the highlighted regions illustrated in FIGS. 22(a) to
22(g). Note that, as a way of obtaining arrangement of appro-
priate W pixels, a typically used method such as pattern
matching can be applied.

[0416] When the W pixels having a high pixel value match
a pattern of W pixels in any of the highlighted regions illus-
trated in FIGS. 22(a) to 22(g), the false color detection unit
201 determines that the pixel region is a brightness false color
occurring region.

[0417] Next, the low-band signal calculation unit 202 select
an LPF corresponding to the arrangement of W pixels
obtained in the false color detection unit 201, and calculates a
low-band signal to be applied to pixel interpolation process-
ing.

[0418] FIGS. 23(a) to 23(g) illustrates examples of setting
LPF coefficients to be applied to calculation of low-band
signals mG of G signal.

[0419] FIGS. 23(a) to 23(g) are examples of setting LPF
coefficients to be applied to calculation of low-band signals
mG used corresponding to the highlighted regions of FIGS.
22(a) to 22(g).

[0420] Pixels in which L or H is described illustrated in
FIGS. 23(a) to 23(g) are the G pixels where

[0421] L indicates a pixel in which a relatively low LPF
coefficient is set, and

[0422] H indicates a pixel in which a relatively high LPF
coefficient is set.

[0423] Asillustrated in FIGS. 23(a) to 23(g), the LPF coet-
ficients in the positions of the G pixels in the highlighted
regions are set relatively small.

[0424] For example, when the highlighted region of four
pixels illustrated in F1G. 22(a) is detected, a desired low-band
signal is obtained by convolution operation of the input pixel
unit with the setting of the LPF coefficients illustrated in FI1G.
23(a).

[0425] Regarding the LPF coefficients illustrated in FIG.
23(a), only the coefficients in the G pixel positions in the
highlighted region illustrated in FIG. 22(a) are L, and coef-
ficients in other G pixel positions are H.

[0426] The low-band signal mG is calculated using a low-
pass filter to which such coefficients are applied, whereby the
low-band signal mG in which an effect of G pixel values in the
highlighted region is decreased can be calculated.

[0427] The same applies to cases of other highlighted
regions illustrated in FIGS. 22(5) to 22(g), and the low-band
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signals in which a contribution rate of pixel values in the
highlighted regions is low are calculated as illustrated in
FIGS. 23(b) to 23(g).

[0428] When a position of a pixel of interest is included in
the highlighted region in this way, the low-band signal calcu-
lation unit 202 calculates a low-band signal in which the
contribution rate of the pixel values that configure the high-
lighted region is low according to the shape of the highlighted
region, and outputs the low-band signal to the pixel interpo-
lation unit 203.

[0429] FIGS. 24(a) to 24(h) illustrates examples in which
the highlighted regions are configured from W, R, and B
pixels. Regions within the dotted line frames in FIGS. 24(a)
to 24(%) are the highlighted regions.

[0430] The false color detection unit 201 focuses on the W
pixels in the input pixel unit, that is, in the reference regions
of 7x7 pixels, and detects the W pixels having a high pixel
value. Further, the false color detection unit 201 determines
whether the W pixels having a high pixel value match pattern
of'the W pixels in any of the highlighted regions illustrated in
FIGS. 24(a)to 24(h). Note that, as a way of obtaining arrange-
ment of appropriate W pixels, a typically used method such as
pattern matching can be applied.

[0431] When the W pixels having a high pixel value match
a pattern of the W pixels in any of the highlighted regions
illustrated in FIGS. 24(a) to 24(%), the false color detection
unit 201 determines that the pixel region is a brightness false
color occurring region.

[0432] Next, the low-band signal calculation unit 202 select
an LPF corresponding to the arrangement of the W pixels
obtained in the false color detection unit 201, and calculates a
low-band signal to be applied to the pixel interpolation pro-
cessing.

[0433] FIGS. 25(a) to 25(%) illustrates examples of setting
LPF coefficients to be applied to calculation of low-band
signals mB of B signal.

[0434] FIGS. 25(a) to 25(h) are examples of setting LPF
coefficients to be applied to calculation of low-band signals
mB used corresponding to the highlighted regions of FIGS.
24(a) to 24(h).

[0435] Pixels in which L or H is described illustrated in
FIGS. 25(a) to 25(h) are the B pixels where

[0436] L indicates a pixel in which a relatively low LPF
coefficient is set, and

[0437] H indicates a pixel in which a relatively high LPF
coefficient is set.

[0438] Asillustrated in FIGS. 25(a) to 25(%), the LPF coet-
ficients in the positions of the B pixels in the highlighted
regions are set relatively small.

[0439] For example, when the highlighted region of four
pixels illustrated in FIG. 24(a) is detected, a desired low-band
signal is obtained by convolution operation of the input pixel
unit with the setting of the LPF coefficients illustrated in FI1G.
25(a).

[0440] Regarding the LPF coefficients illustrated in FIG.
25(a), only the coefficients in the B pixel positions in the
highlighted region illustrated in FIG. 24(a) are L, and coef-
ficients in other B pixel positions are H.

[0441] The low-band signal mB is calculated using a low-
pass filter to which such coefficients are applied, whereby the
low-band signal mB in which an effect of B pixel values in the
highlighted region is decreased can be calculated.

[0442] The same applies to cases of other highlighted
regions illustrated in FIGS. 24(5) to 24(%), and the low-band
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signals in which a contribution rate of pixel values in the
highlighted regions is low are calculated as illustrated in
FIGS. 25(b) to 25(h).

[0443] When a position of a pixel of interest is included in
the highlighted region in this way, the low-band signal calcu-
lation unit 202 calculates a low-band signal in which the
contribution rate of the pixel values that configure the high-
lighted region is low according to the shape of the highlighted
region, and outputs the low-band signal to the pixel interpo-
lation unit 203.

[0444] The pixel interpolation unit 203 executes the inter-
polation processing using the low-band signal in which the
contribution rate of the pixel values that configure the high-
lighted region calculated by the low-band signal calculation
unit 202 is low.

[0445] With the processing, an optimum low-bans signal
according to the shape of the highlighted region can be cal-
culated, and optimum pixel interpolation where the contribu-
tion rate of the pixel values in the highlighted region is low
can be realized.

[0446] FIG.261s adiagram illustrating a flowchart of when
detection of a brightness false color, calculation of alow-band
signal, and pixel interpolation are performed according to the
present embodiment.

[0447] The flowchart illustrated in FIG. 26 is, similarly to
the flow of FIG. 21 described above, a processing sequence
with respect to one pixel to be converted of when an RGBW
array is converted into an RGB array, and is processing of
inputting a reference pixel region including a pixel to be
converted, for example, a 7x7 pixel region, and executing in
the data conversion processing unit. The processing accord-
ing to the flow illustrated in FIG. 26 is sequentially executed
with respect to processed pixels.

[0448] Hereinafter, each step will be described.

[0449] In step S201, first, an arrangement pattern of W
pixels having a large pixel value is detected from the refer-
ence region.

[0450] Next, in step S202, it is determined whether the
arrangement pattern of W pixels having a large pixel value
detected in step S201 match a pattern of a highlighted region
registered in a memory in advance. In the memory, patterns of
the highlighted regions illustrated in FIGS. 22(a) to 22(g) are
registered in advance.

[0451] This processing is the processing executed by the
false color detection unit 201 illustrated in FIG. 5.

[0452] Instep S202, when the false color detection unit 201
determines that there is no registration pattern that matches
the arrangement pattern of W pixels having a high pixel value
(No), the processing proceeds to step S204.

[0453] This case is a case where the pixel of interest is
determined not to be the brightness false color. The process-
ing proceeds to step S204, and a necessary low-band signal is
calculated by low-pass filter (LPF) application processing in
which the LPF coefficient of the reference pixel close to the
pixel of interest is set relatively high. Note that the necessary
low-band signal is a low-band signal necessary for being
applied to conversion processing of the pixel of interest to be
executed in the pixel interpolation unit 203. At least one or
more low-band signals of low-band signals mR, mG, mB, and
mW are calculated.

[0454] This processing of calculating the low-band signal
is the processing of the low-band signal calculation unit 202
of FIG. 5.
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[0455] For example, as illustrated in FIGS. 17(156) and
18(25), the low-band signals are calculated by the low-pass
filter (LPF) application processing in which the LPF coeffi-
cient of the reference pixel close to the pixel of interest is set
relatively high.

[0456] Meanwhile, in step S202, when a registered pattern
that matches the detected arrangement pattern of W pixels
having a high pixel value is detected (Yes), the processing
proceeds to step S203.

[0457] In step S203, an LPF coefficient corresponding to
the registration pattern that matches the detected arrangement
pattern of W pixels having a high pixel value is selected, and
a low-band signal that enables execution of processing that
also serves as false color correction is calculated.

[0458] This processing of calculating a low-band signal is
the processing of the low-band signal calculation unit 202
illustrated in FIG. 5.

[0459] The low-band signal calculation unit 202 inputs
information of the registration pattern matching the arrange-
ment pattern of W pixels having a high pixel value from the
false color detection unit 201, and calculates a low-band
signal according to the information by low-pass filter (LPF)
application processing to which the LPF coefficient corre-
sponding to the registration pattern is set.

[0460] That is, when the registration pattern that matches
the arrangement pattern of W pixels having a high pixel value
is FIG. 22(a), the low-band signal is calculated by the low-
pass filter (LPF) application processing in which the LPF
coefficient of the reference pixel close to the pixel of interest
illustrated in FIG. 23(a) is set relatively low.

[0461] The same applies to cases where the registration
pattern matching the arrangement pattern of W pixels having
a high pixel value is another registration pattern of FIGS.
22(b) to 22(g). In each of the cases, the low-band signal is
calculated by the low-pass filter (LPF) application processing
in which the LPF coefficient of the reference pixel close to the
pixel of interest illustrated in FIGS. 23(b) to 23(g) is set
relatively low.

[0462] In step S205, the interpolation pixel value of the
pixel of interest is calculated applying either the low-band
signal generated in step S203 or the low-band signal gener-
ated in step S204.

[0463] This processing is the processing of the pixel inter-
polation unit 203 illustrated in FIG. 5.

[0464] The pixel interpolation unit 203 performs the inter-
polation processing using the low-band signals generated in
step S203 when the pixel of interest is determined to be the
brightness false color, and using the low-band signals gener-
ated in step S204 when the pixel of interest is determined not
to be the brightness false color.

[0465] To be specific, when the pixel of interest is deter-
mined to be the brightness false color, the pixel interpolation
unit 203 performs the interpolation processing using the low-
band signals generated by the low-pass filter (LPF) applica-
tion processing in which the LPF coefficient of the reference
pixel close to the pixel of interest is set relatively low, as
illustrated in FIGS. 23(a) to 23(g).

[0466] Meanwhile, when the pixel of interest is determined
not to be the brightness false color, the pixel interpolation unit
203 performs the interpolation processing using the low-band
signals generated by the low-pass filter (LPF) application
processing in which the LPF coefficient of the reference pixel
close to the pixel of interest is set relatively high.
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[0467] With these pieces of processing, with respect to the
interpolation pixel value of the pixel region determined to be
the brightness false color, the setting of the interpolation pixel
value in which the effect of the brightness false color is
reduced is performed.

[0468] Note that the processing illustrated in FIG. 26 is
executed according to the program stored in the memory 130
illustrated in FIG. 4 under control of the control unit 140, for
example.

[0469] The data conversion processing unit 200 illustrated
in FIGS. 4 and 5 generates an image by the above-described
processing, according to the RGB array 182 as a result of the
false color correction and the de-mosaic processing, and out-
puts the image to the RGB signal processing unit 250.
[0470] The RGB signal processing unit 250 executes pro-
cessing similar to the signal processing unit included in the
conventional camera, or the like. To be specific, the RGB
signal processing unit 250 executes the de-mosaic process-
ing, the white balance adjustment processing, the 7 correction
processing, and the like, to generate the color image 183. The
generated color image 183 is recorded in the memory 130.

[3. Effects by Processing of an Image Processing Device of
the Present Disclosure]

[0471] By performing of the processing of the image pro-
cessing device of the present disclosure described above, the
following effects can be obtained, for example.

[0472] (a) The false color occurring in a small area on an
imaging plane, such as sunshine filtering through leaves, can
be decreased.

[0473] (b) The false color can be decreased even when
blown-out highlights such as purple fringing are not caused.
[0474] (c) Correction with less deterioration of image qual-
ity can be performed, compared with a method of decreasing
resolution using an optical low-pass filter.

[0475] (d) The processing can be applied to raw data before
de-mosaic, the image processing device can be incorporated
in an image sensor, and the like.

[0476] (e) The processing can be applied to an array image
including white pixels in a color filter.

[0477] The above effect can be exhibited, for example.

[4. Conclusion of Configurations of the Present Disclosure]

[0478] Embodiments of the present disclosure have been
described in detail with reference to specific examples. How-
ever, it is apparent that modifications and substitutions of the
embodiments can be achieved by a person skilled in the art
without departing from the gist of the present disclosure. That
is, the present invention has been disclosed in the form of
exemplary description, and should not be restrictively con-
strued. To judge the gist of the present disclosure, the claims
should be considered.

[0479] Note that the technology disclosed in the present
specification can employ the following configurations:
[0480] (1) An image processing device including:

[0481] adataconversion processing unit configured to have
an RGBW array image as an input image, and to generate an
RGB array image as an output image,

[0482] the data conversion processing unit including
[0483] a false color detection unit configured to detect a
false color pixel in the input image, and to output detection
information,
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[0484] alow-band signal calculation unit configured to be
input the detection information from the false color detection
unit, and to change a processing aspect according to the
detection information to calculate low-band signals corre-
sponding to respective RGBW colors, and

[0485] apixel interpolation unit configured to execute pixel
conversion of the RGBW array of the input image by pixel
interpolation to which the low-band signals calculated by the
low-band signal calculation unit to generate the RGB array
image, and

[0486] the interpolation processing unit

[0487] calculates an interpolation pixel value on an
assumption that a low-band signal mW of a W pixel and
low-band signals mR, mG, and mB of respective RGB pixels
have a proportional relation in a local region.

[0488] (2) The image processing device according to (1)
above, wherein when having been input the detection infor-
mation that a pixel of interest is the false color pixel from the
false color detection unit, the low-band signal calculation unit
applies a low-pass filter to which a low-pass filter coefficient
in which a pixel value contribution rate of a pixel near the
pixel of interest is made relatively lower than that of a pixel
separated from the pixel of interest is set to calculate the
low-band signals.

[0489] (3) The image processing device according to (1) or
(2) above, wherein when having been input the detection
information that a pixel of interest is not the false color pixel
from the false color detection unit, the low-band signal cal-
culation unit applies a low-pass filter to which a low-pass
filter coefficient in which a pixel value contribution rate of a
pixel near the pixel of interest is made relatively higher than
that of a pixel separated from the pixel of interest is set to
calculate the low-band signals.

[0490] (4) The image processing device according to any of
(1) to (3) above, wherein the false color detection unit detects
presence/absence of existence of a locally highlighted region
that is a locally high brightness region in the input image, and
when a pixel of interest is included in the locally highlighted
region, the false color detection unit determines that the pixel
of interest is the false color pixel.

[0491] (5) The image processing device according to any of
(1) to (4) above, wherein the false color detection unit detects
incline information of W pixels near a pixel of interest, and
when a W pixel value near the pixel of interest is higher than
aperipheral W pixel value in both of two perpendicular direc-
tions, the false color detection unit determines that the pixel of
interest is included in a locally highlighted region that is a
locally high brightness region, and the pixel of interest is the
false color pixel.

[0492] (6) The image processing device according to any of
(1) to (5) above, wherein the false color detection unit (a)
calculates W pixel low-frequency component signals corre-
sponding to respective lines based on pixel values of a plu-
rality of W pixels in a plurality of diagonally lower right lines
set near a pixel of interest, and executes comparison process-
ing between a difference value Diffl between a maximum
value of the W pixel low-frequency component signals of a
plurality of inner-side lines close to the pixel of interest and a
maximum value of the W pixel low-frequency component
signals of a plurality of outer-side lines distant from the pixel
of interest, and a threshold Thrl, and (b) calculates W pixel
low-frequency component signals corresponding to respec-
tive lines based on pixel values of a plurality of W pixels in a
plurality of diagonally upper right lines set near a pixel of
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interest, and executes comparison processing between a dif-
ference value Diff2 between a maximum value of the W pixel
low-frequency component signals of a plurality of inner-side
lines close to the pixel of interest and a maximum value of the
W pixel low-frequency component signals of a plurality of
outer-side lines distant from the pixel of interest, and a thresh-
old Thr2, and as comparison results of the two cases of the
above (a) and (b), when the difference value is larger than the
threshold in both cases, the false color detection unit deter-
mines that the pixel of interest is the false color pixel.

[0493] (7) The image processing device according to any of
(1) to (6) above, wherein the false color detection unit

[0494] detects a false color occurring when a W pixel and a
G pixel are concentrated in a locally highlighted region that is
a locally high brightness region in the input image, or when a
W pixel, an R pixel, and a B pixel are concentrated in the
locally highlighted region.

[0495] (8) The image processing device according to any of
(1) to (7) above, wherein the false color detection unit

[0496] detects W pixels having a high pixel value from the
input image, compares a configuration pattern of the detected
W pixels having a high pixel value, and a registered high-
lighted region pattern that is a shape of a locally high bright-
ness region recorded in a memory in advance, and determines
that a pixel included in the configuration pattern of the W
pixels having a high pixel value is the false color pixel when
the configuration pattern of the detected W pixels having a
high pixel value match the registered highlighted region pat-
tern.

[0497] (9) The image processing device according to (8)
above, wherein the low-band signal calculation unit applies a
low-pass filter to which a low-pass filter coefficient in which
a pixel value contribution rate of a highlighted region is made
relatively lower than that of a pixel outside the highlighted
region, according to the registered highlighted region pattern
determined to match the configuration pattern of the W pixels
having a high pixel value by the false color detection unit, is
set to calculate the low-band signals.

[0498] Further, a method of processing executed in the
above-described device and system, a program for causing
the device and system to execute the processing, and a record-
ing medium in which the program is recorded are also
included in the configurations of the present disclosure.

[0499] Further, the series of processing described in the
specification can be realized by hardware, software, or a
composite configuration of hardware and software. When the
processing is executed by software, a program in which the
processing sequence is recorded can be installed in a memory
in a computer incorporated in dedicated hardware and
executed, or can be installed in a general purpose computer
that can execute various types of processing and executed. For
example, the program can be recorded in a recording medium
in advance. The program can be received through a network
such as a local area network (LAN) and the Internet, and can
be installed to a recording medium such as a built-in hard
disk, other than being installed from the recording medium to
the computer.

[0500] Note that the various types of processing described
in the specification is not only executed in time series accord-
ing to the description, but may also be individually executed
or executed in parallel according to a processing capacity of a
device to perform processing or as needed. Further, the sys-
tem in the present specification is a logical set configuration
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of a plurality of devices, and is not limited to a configuration
in which devices having respective configurations are
included in the same housing.

INDUSTRIAL APPLICABILITY

[0501] As described above, according to the configuration
of one embodiment of the present disclosure, a device and a
method that correct a false color, which occurs in a locally
highlighted region of an image, can be realized.

[0502] To be specific, a false color pixel is detected in data
conversion processing of generating an RGB array image
from an RGBW array image, low-band signals corresponding
to respective RGBW colors that are different according to
whether a pixel is a false color pixel, and the RGBW array is
converted by interpolation processing to which the calculated
low-band signals are applied to generate the RGB array
image. The interpolation processing is performed using the
low-band signals on an assumption that a W low-band signal
mW, and RGB respective low-band signals mR, mG, and mB
have a proportional relation in a local region. When a pixel of
interest is a false color pixel, the low-band signal is calculated
by an application of a low-pass filter having a coefficient in
which a contribute rate of pixel values in the vicinity of the
pixel of interest is made relatively lower than that of separated
pixels.

[0503] With the processing, a false color, which occurs in a
locally highlighted region of the image, is corrected, together
with re-mosaic processing of converting the RGBW array
image into the RGB array, and a high-quality image from
which the false color has been removed or decreased can be
generated and output.

REFERENCE SIGNS LIST

[0504] 100 Imaging apparatus

[0505] 105 Optical lens

[0506] 110 Imaging device (image sensor)
[0507] 120 Signal processing unit

[0508] 130 Memory

[0509] 140 Control unit

[0510] 181 RGBW array

[0511] 182 RGB array

[0512] 183 Color image

[0513] 200 Data conversion processing unit
[0514] 201 False color detection unit
[0515] 202 Low-band signal calculation unit
[0516] 203 Pixel interpolation unit

1. An image processing device comprising:

a data conversion processing unit configured to receive an
RGBW array image as an input image, and to generate
an RGB array image as an output image,

the data conversion processing unit including:

a false color detection unit configured to detect a false
color pixel in the input image, and to output detection
information,

a low-band signal calculation unit configured to receive
the detection information from the false color detec-
tion unit, and to change a processing aspect according
to the detection information to calculate low-band
signals corresponding to respective RGBW colors,
and

a pixel interpolation unit configured to execute pixel
conversion of the RGBW array of the input image, by
pixel interpolation to which the low-band signals cal-
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culated by the low-band signal calculation unit are
applied, to generate the RGB array image,

wherein the pixel interpolation unit calculates an interpo-
lation pixel value on an assumption that a low-band
signal mW of a W pixel and low-band signals mR, mG,
and mB of respective RGB pixels have a proportional
relation in a local region and

wherein

when having been input the detection information that a
pixel of interest is not the false color pixel from the false
color detection unit,

the low-band signal calculation unit applies a low-pass
filter to which a low-pass filter coefficient in which a
pixel value contribution rate of a pixel near the pixel of
interest is made relatively higher than that of a pixel
separated from the pixel of interest is set to calculate the
low-band signals.

2. An image processing device comprising:

a data conversion processing unit configured to receive an
RGBW array image as an input image, and to generate
an RGB array image as an output image,

the data conversion processing unit including:

a false color detection unit configured to detect a false
color pixel in the input image, and to output detection
information,

a low-band signal calculation unit configured to receive
the detection information from the false color detec-
tion unit, and to change a processing aspect according
to the detection information to calculate low-band
signals corresponding to respective RGBW colors,
and

a pixel interpolation unit configured to execute pixel
conversion of the RGBW array ofthe input image, by
pixel interpolation to which the low-band signals cal-
culated by the low-band signal calculation unit are
applied, to generate the RGB array image,

wherein the pixel interpolation unit calculates an interpo-
lation pixel value on an assumption that a low-band
signal mW of a W pixel and low-band signals mR, mG,
and mB of respective RGB pixels have a proportional
relation in a local region and

wherein the false color detection unit detects presence/
absence of existence of a locally highlighted region that
is alocally high brightness region in the input image, and
when a pixel of interest is included in the locally high-
lighted region, the false color detection unit determines
that the pixel of interest is the false color pixel.

3. An image processing device comprising:

a data conversion processing unit configured to receive an
RGBW array image as an input image, and to generate
an RGB array image as an output image,

the data conversion processing unit including:

a false color detection unit configured to detect a false
color pixel in the input image, and to output detection
information,

a low-band signal calculation unit configured to receive
the detection information from the false color detec-
tion unit, and to change a processing aspect according
to the detection information to calculate low-band
signals corresponding to respective RGBW colors,
and

a pixel interpolation unit configured to execute pixel
conversion of the RGBW array ofthe input image, by
pixel interpolation to which the low-band signals cal-
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culated by the low-band signal calculation unit are
applied, to generate the RGB array image,

wherein the pixel interpolation unit calculates an interpo-
lation pixel value on an assumption that a low-band
signal mW of a W pixel and low-band signals mR, mG,
and mB of respective RGB pixels have a proportional
relation in a local region and

wherein the false color detection unit detects incline infor-
mation of W pixels near a pixel of interest, and whena W
pixel value near the pixel of interest is higher than a
peripheral W pixel value in both of two perpendicular
directions, the false color detection unit determines that
the pixel of interest is included in a locally highlighted
region that is a locally high brightness region, and the
pixel of interest is the false color pixel.

4. An image processing device comprising:

a data conversion processing unit configured to receive an
RGBW array image as an input image, and to generate
an RGB array image as an output image,

the data conversion processing unit including:

a false color detection unit configured to detect a false
color pixel in the input image, and to output detection
information,

a low-band signal calculation unit configured to receive
the detection information from the false color detec-
tion unit, and to change a processing aspect according
to the detection information to calculate low-band
signals corresponding to respective RGBW colors,
and

a pixel interpolation unit configured to execute pixel
conversion of the RGBW array of the input image, by
pixel interpolation to which the low-band signals cal-
culated by the low-band signal calculation unit are
applied, to generate the RGB array image,

wherein the pixel interpolation unit calculates an interpo-
lation pixel value on an assumption that a low-band
signal mW of a W pixel and low-band signals mR, mG,
and mB of respective RGB pixels have a proportional
relation in a local region and

wherein the false color detection unit:

(a) calculates W pixel low-frequency component signals
corresponding to respective lines based on pixel values
of a plurality of W pixels in a plurality of diagonally
lower right lines set near a pixel of interest, and executes
comparison processing between a difference value Diffl
between a maximum value of the W pixel low-frequency
component signals of a plurality of inner-side lines close
to the pixel of interest and a maximum value of the W
pixel low-frequency component signals of a plurality of
outer-side lines distant from the pixel of interest, and a
threshold Thrl, and

(b) calculates W pixel low-frequency component signals
corresponding to respective lines based on pixel values
of a plurality of W pixels in a plurality of diagonally
upper right lines set near a pixel of interest, and executes
comparison processing between a difference value Diff2
between a maximum value of the W pixel low-frequency
component signals of a plurality of inner-side lines close
to the pixel of interest and a maximum value of the W
pixel low-frequency component signals of a plurality of
outer-side lines distant from the pixel of interest, and a
threshold Thr2, and

as comparison results of the two cases of the above (a) and
(b), when the difference value is larger than the threshold
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in both cases, the false color detection unit determines

that the pixel of interest is the false color pixel.

5. An image processing device comprising:

a data conversion processing unit configured to receive an
RGBW array image as an input image, and to generate
an RGB array image as an output image,

the data conversion processing unit including:

a false color detection unit configured to detect a false
color pixel in the input image, and to output detection
information,

a low-band signal calculation unit configured to receive
the detection information from the false color detec-
tion unit, and to change a processing aspect according
to the detection information to calculate low-band
signals corresponding to respective RGBW colors,
and

a pixel interpolation unit configured to execute pixel
conversion of the RGBW array ofthe input image, by
pixel interpolation to which the low-band signals cal-
culated by the low-band signal calculation unit are
applied, to generate the RGB array image,

wherein the pixel interpolation unit calculates an interpo-
lation pixel value on an assumption that a low-band
signal mW of a W pixel and low-band signals mR, mG,
and mB of respective RGB pixels have a proportional
relation in a local region and

wherein the false color detection unit detects a false color
occurring when a W pixel and a G pixel are concentrated
in a locally highlighted region that is a locally high
brightness region in the input image, or when a W pixel,
an R pixel, and a B pixel are concentrated in the locally
highlighted region.

6. An image processing device comprising:

a data conversion processing unit configured to receive an
RGBW array image as an input image, and to generate
an RGB array image as an output image,

the data conversion processing unit including:

a false color detection unit configured to detect a false
color pixel in the input image, and to output detection
information,
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a low-band signal calculation unit configured to receive
the detection information from the false color detec-
tion unit, and to change a processing aspect according
to the detection information to calculate low-band
signals corresponding to respective RGBW colors,
and

a pixel interpolation unit configured to execute pixel
conversion of the RGBW array of the input image, by
pixel interpolation to which the low-band signals cal-
culated by the low-band signal calculation unit are
applied, to generate the RGB array image,

wherein the pixel interpolation unit calculates an interpo-
lation pixel value on an assumption that a low-band
signal mW of a W pixel and low-band signals mR, mG,
and mB of respective RGB pixels have a proportional
relation in a local region and

wherein the false color detection unit:

detects W pixels having a high pixel value from the input
image,

compares a configuration pattern of the detected W pixels
having a high pixel value, and a registered highlighted
region pattern that is a shape of a locally high brightness
region recorded in a memory in advance, and

determines that a pixel included in the configuration pat-
tern of the W pixels having a high pixel value is the false
color pixel when the configuration pattern of the
detected W pixels having a high pixel value match the
registered highlighted region pattern.

7. The image processing device according to claim 6,
wherein the low-band signal calculation unit applies a low-
pass filter to which a low-pass filter coefficient in which a
pixel value contribution rate of a highlighted region is made
relatively lower than that of a pixel outside the highlighted
region, according to the registered highlighted region pattern
determined to match the configuration pattern of the W pixels
having a high pixel value by the false color detection unit, is
set to calculate the low-band signals.
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