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IMAGING APPARATUS, IMAGE
PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, AND RECORDING
MEDIUM THAT RECORDS IMAGE
PROCESSING PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
PCT Application No. PCT/JP2018/002751, filed Jan. 29,
2018 and based upon and claiming the benefit of priority
from the prior Japanese Patent Application No. 2017-
044852, filed Mar. 9, 2017, the entire contents of both of
which are incorporated herein by reference.

FIELD

[0002] The present embodiment relates to an imaging
apparatus, an image processing apparatus, an image pro-
cessing method, and a recording medium that records an
image processing program.

BACKGROUND

[0003] In the field of imaging apparatuses such as digital
cameras, it is known that a phenomenon called a ghost may
occur. The ghost occurs with ghost light, such as light
internally reflected in a lens, imaged by an image sensor. In
particular, the ghost, which occurs in an imaging apparatus
having an image sensor with Bayer array structure, causes
false color.

[0004] When the ghost occurs in an imaging apparatus
having an image sensor with Bayer array structure, a dif-
ference occurs between the pixel value of a Gr pixel and the
pixel value of a Gb pixel that should be originally the same
level. The presence or absence of the ghost can be deter-
mined from this difference between the pixel value of a Gr
pixel and the pixel value of a Gb pixel. In addition, in the
imaging apparatus disclosed in Jpn. Pat. Appln. KOKAI
Publication No. 2012-9919, the presence or absence of the
ghost is determined from the difference between the mean
value of the pixel values of Gr pixels and the mean value of
the pixel values of Gb pixels. The difference between the
pixel value of a Gr pixel and that of a Gb pixel, which occurs
due to the structure (edge structure) of a fine subject, can be
suppressed by calculating the mean value.

[0005] Inan image sensor with Bayer array structure, a Gr
pixel and a Gb pixel are arranged at different positions.
Therefore, the center of gravity represented by the mean
value of the pixel values of Gr pixels and the center of
gravity represented by the mean value of the pixel values of
Gb pixels do not match each other. Therefore, the difference
between the pixel value of a Gr pixel and the pixel value of
a Gb pixel, which occurs due to an edge structure depending
on the structure of a subject, cannot be suppressed just by
calculating the mean values.

[0006] The present invention has been made in view of the
above circumstance, and an object of the invention is to
provide an imaging apparatus, an image processing appara-
tus, an image processing method, and a recording medium
that records an image processing program, which can accu-
rately detect a ghost by eliminating an influence of the
structure of a subject.
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SUMMARY

[0007] An imaging apparatus according to a first aspect
includes a solid-state image sensor with Bayer array struc-
ture. The Bayer array structure includes a first line and a
second line. In the first line, red pixels and first green pixels
are alternately arranged in a horizontal direction. In the
second line, blue pixels and second green pixels are alter-
nately arranged in the horizontal direction. The first line and
second line are alternately arranged in a vertical direction.
The imaging apparatus includes a calculation circuit, an
interpolation operating circuit, and a G-step detecting cir-
cuit. The calculation circuit calculates a first value and a
second value, for each predetermined image area of image
data output from the solid-state image sensor. The first value
is a mean value or integrated value of pixel values of the first
green pixels. The second value is a mean value or integrated
value of pixel values of the second green pixels. The
interpolation operating circuit performs, for a plurality of the
image areas, an interpolation operation by using the first
values and the second values such that a first center of
gravity represented by each of the first values and a second
center of gravity represented by each of the second values
match each other. The G-step detecting circuit calculates a
difference between the first value and the second value
interpolated.

[0008] An image processing apparatus according to a
second aspect includes a calculation circuit, an interpolation
operating circuit, and a G-step detecting circuit. The calcu-
lation circuit calculates a first value and a second value, for
each predetermined image area of image data output from a
solid-state image sensor with Bayer array structure. The
Bayer array structure includes a first line and a second line.
In the first line, red pixels and first green pixels are alter-
nately arranged in a horizontal direction. In the second line,
blue pixels and second green pixels are alternately arranged
in the horizontal direction. The first line and second line are
alternately arranged in a vertical direction. The interpolation
operating circuit performs, for a plurality of the image areas,
an interpolation operation by using the first values and the
second values such that a first center of gravity represented
by each of the first values and a second center of gravity
represented by each of the second values match each other.
The G-step detecting circuit calculates a difference between
the first value and the second value interpolated.

[0009] An image processing method according to a third
aspect including calculating a first value and a second value,
for each predetermined image area of image data output
from a solid-state image sensor with Bayer array structure in
which a line, where red pixels and first green pixels are
alternately arranged in a horizontal direction, and a line,
where blue pixels and second green pixels are alternately
arranged in the horizontal direction, are alternately arranged
in a vertical direction, the first value being a mean value or
integrated value of pixel values of the first green pixels and
the second value being a mean value or integrated value of
pixel values of the second green pixels; performing an
interpolation operation by using a plurality of the first values
and a plurality of the second values calculated for a plurality
of the image areas such that a first center of gravity repre-
sented by each of the first values and a second center of
gravity represented by each of the seconds match each other;
and calculating a difference between the first value and the
second value interpolated by the interpolation operation.
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[0010] A computer readable recording medium according
to a fourth aspect records an image processing program. The
image processing program causes a computer to execute:
calculating a first value and a second value, for each
predetermined image area of image data output from a
solid-state image sensor with Bayer array structure in which
a line, where red pixels and first green pixels are alternately
arranged in a horizontal direction, and a line, where blue
pixels and second green pixels are alternately arranged in the
horizontal direction, are alternately arranged in a vertical
direction, the first value being a mean value or integrated
value of pixel values of the first green pixels and a second
value being a mean value or integrated value of pixel values
of the second green pixels; performing an interpolation
operation by using a plurality of the first values and a
plurality of the second values calculated for a plurality of the
image areas such that a first center of gravity represented by
each of the plurality of the first values and a second center
of gravity represented by each of the plurality of the second
values match each other; and calculating a difference
between the first value and the second value interpolated by
the interpolation operation.

[0011] Advantages of the embodiments will be set forth in
the description which follows, and in part will be obvious
from the description, or may be learned. The advantages
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out hereinaf-
ter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments, and together with the general description
given above and the detailed description of the embodiments
given below, serve to explain the principles.

[0013] FIG. 1 is a block diagram illustrating a configura-
tion of one example of a camera system as one example of
an imaging apparatus according to one embodiment.
[0014] FIG. 2 is a view illustrating division of image data
in one embodiment.

[0015] FIG. 3 is a view illustrating a positional relation-
ship among centers of gravity Grl, Gbl, Gr2, and Gb2.
[0016] FIG. 4 is a view illustrating movements of the
centers of gravity after an interpolation operation is per-
formed in FIG. 3.

[0017] FIG. 5 is a view illustrating how to shift an image
area R2 when the head color of an image area R1 is R.
[0018] FIG. 6 is a view illustrating a positional relation-
ship among centers of gravity Grl, Gbl, Gr2, and Gb2,
when the head color of the image area R1 is R and when the
image area R2 is created by shifting the image area R1 by
2 pixels in each of the horizontal and vertical directions to
the upper right direction.

[0019] FIG. 7 is a view illustrating movements of the
centers of gravity after an interpolation operation is per-
formed in FIG. 6.

[0020] FIG. 8A is a flowchart showing operations of a
camera system when a still image is recorded.

[0021] FIG. 8B is a flowchart showing operations of the
camera system when a still image is recorded.

[0022] FIG. 9A is a flowchart showing operations of the
camera system when a movie image is recorded.

[0023] FIG. 9B is a flowchart showing operations of the
camera system when a movie image is recorded.
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[0024] FIG. 10A is a view illustrating a positional rela-
tionship among four image areas when division is performed
with four patterns.

[0025] FIG. 10B is a view illustrating a positional rela-
tionship among four image areas when division is performed
with four patterns.

[0026] FIG. 11 is a view illustrating a positional relation-
ship among eight centers of gravity represented by first
values and second values obtained in the four image areas.
[0027] FIG. 12 is a view illustrating movements of the
centers of gravity after an interpolation operation is per-
formed in FIG. 11.

[0028] FIG. 13A illustrates an example of an image sensor
in which phase difference detection pixels are arranged in
the positions of some of Gr pixels and Gb pixels.

[0029] FIG. 13B illustrates an example of an image sensor
in which phase difference detection pixels are arranged in a
certain pixel line.

DETAILED DESCRIPTION

[0030] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. FIG. 1 is
a block diagram illustrating a configuration of a camera
system as one example of an imaging apparatus according to
one embodiment of the present invention. A camera system
1 illustrated in FIG. 1 includes an interchangeable lens 100
and a camera body 200. The interchangeable lens 100 is
configured to be attached to and detached from the camera
body 200. When the interchangeable lens 100 is attached to
the camera body 200, the interchangeable lens 100 and the
camera body 200 are communicably connected to each
other. The camera system 1 does not necessarily have to be
a lens-interchangeable camera system. The camera system 1
may be, for example, a lens-integrated camera system.
[0031] The interchangeable lens 100 includes an imaging
lens 102, an aperture 104, a driver 106, a lens microcom-
puter 108, and a flash memory 110.

[0032] The imaging lens 102 is an optical system for
imaging a light flux from a subject on the image sensor 206
of the camera body 200. The imaging lens 102 has one or
more lenses including a focus lens. The imaging lens 102
may include a zoom lens. The aperture 104 is arranged on
the optical axis of the imaging lens 102, and is configured
such that its diameter is variable. The aperture 104 regulates
a light flux from a subject that passes through the imaging
lens 102 to enter the image sensor 206. The driver 106 drives
the focus lens of the imaging lens 102 and drives the
aperture 104, based on a control signal from the lens
microcomputer 108.

[0033] The lens microcomputer 108 is configured to be
communicable with a microcomputer 234 of the camera
body 200 via an interface (I/F) 202 provided in the camera
body 200. This lens microcomputer 108 controls, under the
control of the microcomputer 234, the driver 106 in accor-
dance with a program stored in the flash memory 110. The
lens microcomputer 108 also transmits various types of
information stored in the flash memory 110 via an I/F 202,
such as lens information, to the microcomputer 234. The
lens microcomputer 108 does not necessarily have to be
configured as a microcomputer, and may be configured by an
ASIC (application specific integrated circuit), a FPGA
(field-programmable gate array), or the like.

[0034] The flash memory 110 stores programs required for
the operation of the interchangeable lens 100. The flash
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memory 110 also stores lens information on the interchange-
able lens 100. The lens information includes, for example,
information on the focal length of the imaging lens 102 and
information on aberration.

[0035] The camera body 200 has the I/F202, a shutter 204,
the image sensor 206, an image sensor driver 208, an analog
processor 210, an analog-to-digital (A/D) converter 212, a
bus 214, an SDRAM (Synchronous Dynamic Random
Access Memory) 216, an AE processor 218, an AF processor
220, a first image processor 222, a second image processor
224, a display driver 226, a display 228, a memory interface
(I/F) 230, a recording medium 232, the microcomputer 234,
a flash memory 236, and an operation interface 238. Each
block of the camera body 200 is configured, for example, by
hardware. However, it does not necessarily have to be
configured by hardware, and may be configured by software.
In addition, each block of the camera body 200 may not be
configured by single hardware or software, and may be
configured by a plurality of hardware or software.

[0036] The shutter 204 is configured to be freely opened
and closed. The shutter 204 adjusts the incidence time of a
light flux from a subject into the image sensor 206 (the
exposure time of the image sensor 206). For example, a
focal-plane shutter is adopted as the shutter 204. The shutter
204 is driven based on a control signal from the microcom-
puter 234.

[0037] The image sensor 206 is arranged at a position that
is on the optical axis of the imaging lens 102 and is behind
the shutter 204, and at which a light flux from a subject
forms an image by the imaging lens 102. The image sensor
206 is a solid-state image sensor having a color filter with
Bayer array structure. The Bayer array structure means an
array structure of a color filter in which a line, where R (red)
pixels and Gr (first green) pixels are alternately arranged in
the horizontal direction, and a line, where B (blue) pixels
and Gb (second green) pixels are alternately arranged in the
horizontal direction, are alternately arranged in the vertical
direction. Such an image sensor 206 generates an image
signal by imaging a subject field. The image sensor driver
208 drives the image sensor 206. The image sensor driver
208 also controls reading of an image signal generated by
the image sensor 206.

[0038] The analog processor 210 performs analog pro-
cessing, such as amplification processing, on the image
signal read from the image sensor 206. The A/D converter
212 converts the image signal output from the analog
processor 210 into digital-format image data.

[0039] The bus 214 is connected to the A/D converter 212,
the SDRAM 216, the AE processor 218, the AF processor
220, the first image processor 222, the second image pro-
cessor 224, the display driver 226, and the memory I/F 230,
and operates as a transfer path for transferring the various
data generated in these blocks.

[0040] The SDRAM 216 is an electrically rewritable
memory. The SDRAM 216 temporarily stores various data
such as the image data output from the A/D converter 212,
the first image processor 222, or the second image processor
224 and the processed data in the AE processor 218, the AF
processor 220, or the microcomputer 234. Alternatively, a
DRAM (Dynamic Random Access Memory) may be
adopted for temporary storage.

[0041] The AE processor 218 performs automatic expo-
sure (AE) processing. Specifically, the AE processor 218
sets imaging conditions (aperture value and shutter speed
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value) based on an AE evaluation value representing a
subject brightness in the image data.

[0042] The AF processor 220 performs automatic focus
adjustment (AF) processing. Specifically, the AF processor
220 controls the drive of a focus lens included in the imaging
lens 102, based on focal information obtained from the
image data or the like. The focal information is an AF
evaluation value (contrast value) calculated, for example,
from the image data. When the image sensor 206 has a focus
detection pixel, the focal information may be a defocus
amount calculated from an output of the focus detection
pixel.

[0043] The first image processor 222 performs image
processing for obtaining information required for perform-
ing basic processing for imaging, such as obtaining of the
AE evaluation value for AE processing, the AF evaluation
value for AF processing, and information for calculating a
white balance gain in AWB (auto white balance mode). The
AE evaluation value can be obtained by calculating, for
example, the mean value or integrated value of the pixel
values of the same color pixels of image data for each
predetermined image area. The AF evaluation value can be
obtained by calculating, for example, the integrated value of
the high frequency components for each predetermined
image area (this image area may or may not match the image
area for calculating the AE evaluation value) of the image
data extracted by HPF (high pass filter) processing. The
information for calculating the white balance gain can be
obtained by calculating, for example, the mean value or
integrated value of the pixel values of the same color pixels
of image data for each predetermined image area and by
using the spectral transmittance characteristics of the imag-
ing lens 102, the spectral sensitivity characteristics of the
image sensor 206, and the like.

[0044] The first image processor 222 in the present
embodiment includes a calculation circuit 2221. The calcu-
lation circuit 2221 calculates, for each predetermined image
area of image data, a first value that is the mean value or
integrated value of the pixel values of Gr pixels and a second
value that is the mean value or integrated value of the pixel
values of Gb pixels. The first value and the second value
calculated by the calculation circuit 2221 are used for the
later-described ghost determination. In calculating the AE
evaluation value or the white balance gain in AWB, pro-
cessing for calculating the mean value or integrated value of
pixel values is also performed as described above. There-
fore, a calculation circuit for calculating the AE evaluation
value or the white balance gain in AWB may double as the
calculation circuit 2221. Of course, the calculation circuit
2221 may be provided separately from the calculation circuit
for calculating the AE evaluation value or the white balance
gain in AWB.

[0045] The second image processor 224 includes a basic
image processor 2241. The basic image processor 2241
performs basic image processing required for displaying or
recording an image on image data. This basic image pro-
cessing includes, for example, optical black (OB) subtrac-
tion processing, white balance (WB) correction processing,
demosaic processing, color conversion processing, gamma
conversion processing, noise reduction processing, scaling
processing, and compression processing. The basic image
processor 2241 of the second image processor 224 may be
further configured to perform image processing for ghost
cancellation. As the image processing for ghost cancellation,
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processing is cited, in which the pixel value of a pixel where
a ghost occurs is interpolated, for example, by using the
pixel values of the surrounding pixels of the same color. An
image processor for ghost cancellation may be provided
separately from the basic image processor 2241.

[0046] The display driver 226 drives the display 228 to
make the display 228 display an image based on the image
data processed by the second image processor 224. The
display 228 is a display such as, for example, a liquid crystal
display or an organic EL display. The display 228 is
arranged, for example, on the rear surface of the camera
body 200. The display 228 is driven by the display driver
226 to display various images. The display 228 does not
necessarily have to be provided in the camera body 200. The
display 228 may be, for example, a TV monitor, a monitor
display, or the like that is communicably connected to the
camera body 200.

[0047] The memory I/F 230 mediates the data transfer
from the recording medium 232 to the bus 214 and from the
bus 214 to the recording medium 232. The recording
medium 232 is, for example, a flash memory. The recording
medium 232 is configured to be built in or loaded into the
camera body 200. The recording medium 232 records the
image data processed by the second image processor 224 as
an image file of a predetermined format.

[0048] The microcomputer 234 is a controller that controls
each block of the camera body 200 in accordance with the
programs stored in the flash memory 236. The microcom-
puter 234 does not necessarily have to be configured as a
microcomputer, and may be configured by an ASIC, an
FPGA, or the like.

[0049] The microcomputer 234 in the present embodiment
includes an interpolation operating circuit 2341 and a G-step
detecting circuit 2342. The interpolation operating circuit
2341 performs an interpolation operation by using the first
value and the second value calculated by the calculation
circuit 2221 such that the center of gravity represented by
the first value and the center of gravity represented by the
second value match each other. The G-step detecting circuit
2342 determines the presence or absence of a ghost by
calculating a G-step that is the difference between the first
value and the second value interpolated by the interpolation
operating circuit 2341. The details of the interpolation
operating circuit 2341 and the G-step detecting circuit 2342
will be described later.

[0050] The flash memory 236 stores programs required for
the operation of the camera body 200. The flash memory 236
also stores information required for various processing of
the camera body 200. This information includes, for
example, information on the parameters of image process-
ing.

[0051] The operation interface 238 includes various
operation members such as: various operation buttons
including a power button for turning on and off the power
supply of the camera body 200, a release button for gener-
ating a trigger signal that directs a still image to be imaged,
a movie start button for starting recording of a movie image,
a movie end button for ending recording of a movie image,
a play button that directs an imaged and recorded still image
or to be played, and a menu button that directs the change
or setting of various setting values and modes of the camera
body 200; and a touch panel that performs functions similar
to the operations of the various operation buttons. The
operation interface 238 detects the operation states of the
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various operation members, and outputs a signal represent-
ing a detection result to the microcomputer 234.

[0052] Next, a basic concept of the ghost determination in
the present embodiment will be described. In determining a
ghost, the calculation circuit 2221 first divides the image
data obtained via the image sensor 206 into a plurality of
image areas with a first pattern in the present embodiment.
The calculation circuit 2221 divides, for example, the image
data into units each having an image area R1 of 6 pixelsx6
pixels, as illustrated in FIG. 2. Herein, the size of the image
area R1 may be appropriately set, and does not necessarily
have to be 6 pixelsx6 pixels. In FIG. 2, the head color (the
color of the upper left end pixel) of the image area R1 is Gr,
but the head color of the image area R1 may not be Gr. After
the division with the first pattern, the calculation circuit 2221
calculates, for each image area R1, the mean value or
integrated value (first value) of the pixel values of Gr pixels
and the mean value or integrated value (second value) of the
pixel values of Gb pixels.

[0053] Then, the calculation circuit 2221 divides the
image data into a plurality of image areas with a second
pattern. In the second pattern, the calculation circuit 2221
divides the image data into units each having an image area
R2 that has the same size and color arrangement as the
image area R1 and that is located at a different position from
the image area R1. The calculation circuit 2221 divides, for
example, the image data into units each having the image
area R2 that is located at a position shifted from the image
area R1 by 2 pixels in each of the horizontal and vertical
directions to the lower right direction, as illustrated in FIG.
2. The shift amount does not necessarily have to be 2 pixels,
and may be 4 pixels, 6 pixels, or the like. However, as the
image area R1 and the image area R2 are located nearer to
each other, an influence of the structure of a subject can be
further suppressed in performing the ghost determination.
Therefore, it is desirable that the image data is divided such
that the image area R2 is shifted from the image area R1 by
the minimum number of pixels, i.e., by 2 pixels. After the
division with the second pattern, the calculation circuit 2221
calculates, for each image arca R2, the mean value or
integrated value (first value) of the pixel values of Gr pixels
and the mean value or integrated value (second value) of the
pixel values of Gb pixels.

[0054] The first value for the image area R1 is the mean
value or integrated value of the pixel values of Gr pixels in
the image area R1. Therefore, it can be considered that the
first value for the image area R1 is a value at the center of
gravity of the Gr pixels in the image area R1. Similarly, it
can be considered that: the second value for the image area
R1 is a value at the center of gravity of the Gb pixels in the
image area R1; the first value for the image area R2 is a
value at the center of gravity of the Gr pixels in the image
area R2; and the second value for the image areca R2 is a
value at the center of gravity of the Gb pixels in the image
area R2. The positional relationship among these four cen-
ters of gravity is as illustrated in FIG. 3. As illustrated in
FIG. 3, a center of gravity Grl represented by the first value
for the image area R1 is shifted from a center of gravity Gb1
represented by the second value for the image area R1.
Similarly, a center of gravity Gr2 represented by the first
value for the image area R2 is shifted from a center of
gravity Gb2 represented by the second value for the image
area R2. Due to the shifts between these centers of gravity,
a difference may be caused between the first value and the
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second value due to an influence of the structure of a subject.
The larger the shift between the centers of gravity, the larger
an influence of the structure of a subject. If the difference is
caused due to an influence of the structure of a subject, it
may lead to incorrect ghost determination.

[0055] So, an interpolation operation is performed in the
present embodiment by using the first value and the second
value for the image area R1 and the first value and the
second value for the image area R2 such that the center of
gravity represented by the first value and the center of
gravity represented by the second value match each other.
Specifically, the interpolation operating circuit 2341 per-
forms the following (Equation 1) operations:

Igr=(1xVgrl+3xVgr2)/4;

Igh=(3xVgbl+1xVgh2)/4 (Equation 1)

Herein, Igr is a first value (a first interpolated value) after the
interpolation operation, Vgrl is the first value for the image
area R1, and Vgr2 is the first value for the image area R2.
Igb is a second value (a second interpolated value) after the
interpolation operation, Vgb1 is the second value for the
image area R1, and Vgb2 is the second value for the image
area R2.

[0056] FIG. 4 is a view illustrating movements of the
centers of gravity after the interpolation operations are
performed. The position (interpolated position) represented
by the first interpolated value Igr obtained by the interpo-
lation operation shown in (Equation 1) is the position of I in
FIG. 4. Similarly, the position (interpolated position) repre-
sented by the second interpolated value Igb obtained by the
interpolation operation shown in (Equation 1) is also the
position of I in FIG. 4. That is, the center of gravity
represented by the first interpolated value and the center of
gravity represented by the second interpolated value match
each other. When the positions of the centers of gravity
match each other, the influences of the structure of a subject
in the Gr pixel and Gb pixel become the same. Thereby,
ghost determination can be performed correctly.

[0057] After the interpolation operating circuit 2341 per-
forms the interpolation operation, the G-step detecting cir-
cuit 2342 calculates a difference (a G-step) between the first
interpolated value Igr and the second interpolated value Igb
that are obtained by the interpolation operation. If the Gr
pixel and the Gb pixel are not influenced by the structure of
a subject, the pixel values of the Gr pixel and the Gb pixel
located close to each other are usually almost the same.
Therefore, the G-step, the difference between the first value
that is the mean value or integrated value of Gr pixels and
the second value that is the mean value or integrated value
of Gb pixels, becomes small. On the other hand, when ghost
light enters the image sensor 206, a big difference occurs
between the pixel value of a Gr pixel and the pixel value of
a Gb pixel. Therefore, the G-step, the difference between the
first value that is the mean value or integrated value of Gr
pixels and the second value that is the mean value or
integrated value of Gb pixels, also becomes large. From such
a relationship, the presence or absence of a ghost can be
determined by the size of the G-step.

[0058] In the example of FIG. 2, the image area R2 is
shifted from the image area R1 by 2 pixels in each of the
horizontal and vertical directions to the lower right direc-
tion. This is because the center of gravity Gb1 represented
by the second value is shifted from the center of gravity Grl
represented by the first value to the lower right direction.
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The direction to which the image area R2 is to be shifted
needs to be changed depending on the head color of the
image area R1.

[0059] FIG. 5 is a view illustrating how to shift the image
area R2 when the head color of the image area R1 is R.
When the head color of the image area R1 is R, the center
of gravity Gb1 represented by the second value is shifted
from the center of gravity Grl represented by the first value
in the image area R1 to the upper right direction. Therefore,
if the image area R2 is shifted from the image area R1 to the
lower right direction, the centers of gravity Grl, Gbl, Gr2,
and Gb2 are not aligned on the same straight line. In this
case, the centers of gravity cannot be matched each other by
the interpolation operations. In order that the centers of
gravity Grl, Gbl, Gr2, and Gb2 are aligned on the same
straight line when the head color of the image area R1 is R,
the image area R2 may be located at a position shifted from
the image area R1 by 2 pixels in each of the horizontal and
vertical directions to the upper right direction, as illustrated
in FIG. 5. Generally, when the head color of the image area
R1 is Gr or Gb, the image area R2 may be located at a
position shifted to the lower right (upper left) direction, and
when the head color of the image area R1 is R or B, the
image area R2 may be located at a position shifted to the
upper right (lower left) direction.

[0060] FIG. 6 is a view illustrating the positional relation-
ship among the centers of gravity Grl, Gb1, Gr2, and Gb2,
when the head color of the image area R1 is R and when the
image area R2 is located at a position shifted from the image
area R1 by 2 pixels in each of the horizontal and vertical
directions to the upper right direction. The centers of gravity
Grl, Gb1, Gr2, and Gb2 are aligned on the same straight line
by shifting the image area R2 from the image area R1 to the
upper right direction. When the centers of gravity Grl, Gbl,
Gr2, and Gb2 have a positional relationship as illustrated in
FIG. 6, the interpolation operating circuit 2341 performs the
following (Equation 2) operations:

Igr=(3xVgrl+1xVgr2)/4

Igh=(1xVgh1+3xVgh2)/4

[0061] FIG. 7 is a view illustrating movements of the
centers of gravity after the interpolation operations are
performed in FIG. 6. The position (interpolated position)
represented by the first interpolated value Igr obtained by the
interpolation operation shown in (Equation 2) is the position
of I in FIG. 7. Similarly, the position (interpolated position)
represented by the second interpolated value Igb obtained by
the interpolation operation shown in (Equation 2) is also the
position of I in FIG. 7. That is, the center of gravity
represented by the first interpolated value and the center of
gravity represented by the second interpolated value match
each other.

[0062] Hereinafter, the operations of the imaging appara-
tus of the present embodiment will be described. FIGS. 8A
and 8B are flowcharts showing operations of the camera
system 1 when a still image is recorded. The operations of
FIGS. 8A and 8B are mainly controlled by the microcom-
puter 234.

[0063] The operations of FIGS. 8A and 8B are started, for
example, when the camera body 200 is activated in a still
image recording mode. In step S1, the microcomputer 234
drives the image sensor 206 at a predetermined frame rate
via the image sensor driver 208 in order to obtain an image
for a live view. The image signal obtained by the image

(Equation 2)
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sensor 206 is analog processed by the analog processor 210.
The image signal analog processed by the analog processor
210 is converted into image data, a digital signal, by the A/D
converter 212. The image data obtained by the A/D con-
verter 212 is stored in the SDRAM 216 via the first image
processor 222.

[0064] In step S2, the microcomputer 234 directs the
second image processor 224 to perform basic image pro-
cessing on the image data obtained by the operations for
obtaining the image for a live view. In response to this
direction, the second image processor 224 performs the
basic image processing on the image data stored in the
SDRAM 216 by the basic image processor 2241. The basic
image processing herein is image processing required for the
display on the display 228, and includes, for example, OB
subtraction processing, WB correction processing, demosaic
processing, color conversion processing, gamma conversion
processing, noise reduction processing, and scaling process-
ing. After the basic image processing, the microcomputer
234 directs the display driver 226 to display the live view.
In response to this direction, the display driver 226 inputs
the image data to the display 228, the image data having
been sequentially obtained via the image sensor 206 and
sequentially processed by the second image processor 224.
The display 228 displays the live view based on the input
image data.

[0065] Instep S3, the first image processor 222 divides, by
the calculation circuit 2221, the image data obtained by the
operations for obtaining the image for a live view with the
first pattern. Then, the first image processor 222 calculates,
for example, the mean value (first value) of the pixel values
of Gr pixels and the mean value (second value) of the pixel
values of Gb pixels by the calculation circuit 2221, for each
image area R1. In step S3, the integrated value of the pixel
values of Gr pixels and the integrated value of the pixel
values of Gb pixels may be calculated as the first value and
the second value, as described above. Alternatively, the
processing of step S3 may be performed while the image for
a live view is being obtained, that is, while the image data
are being input from the A/D converter 212 to the first image
processor 222.

[0066] Instep S4, the first image processor 222 determines
whether the head color of the image area R1 is R or B. When
it is determined in step S4 that the head color of the image
area R1 is R or B, the processing moves to step S5. When
it is determined in step S4 that the head color of the image
area R1 is not R nor B, that is, is Gr or Gb, the processing
moves to step S6.

[0067] In step S5, the first image processor 222 creates a
second pattern by shifting the first pattern by 2 pixels in each
of the horizontal and vertical directions to the upper right
direction. In step SG, the first image processor 222 creates
a second pattern by shifting the first pattern by 2 pixels in
each of the horizontal and vertical directions to the lower
right direction. After step S5 or step S6, the processing
moves to step S7.

[0068] Instep S7, the first image processor 222 divides, by
the calculation circuit 2221, the image data obtained by the
operations for obtaining the image for a live view with the
second pattern. Then, the first image processor 222 calcu-
lates, for example, the mean value (first value) of the pixel
values of Gr pixels and the mean value (second value) of the
pixel values of Gb pixels by the calculation circuit 2221, for
each image area R2. When the integrated value of the pixel
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values of Gr pixels and the integrated value of the pixel
values of Gb pixels are calculated in step S3, the integrated
value of the pixel values of Gr pixels and the integrated
value of the pixel values of Gb pixels are calculated also in
step S7.

[0069] In step S8, the microcomputer 234 performs inter-
polation operations for each pair of the image areas by the
interpolation operating circuit 2341. When the head color of
the image area R1 is Gr or B, the interpolation operating
circuit 2341 performs the operations of (Equation 1), and
when the head color of the image area R1 is R or Gb, it
performs the operations of (Equation 2). Thereby, the center
of gravity represented by the mean value of the pixel values
of Gr pixels and the center of gravity represented by the
mean value of the pixel values of Gb pixels match each
other.

[0070] In step S9, the microcomputer 234 calculates, for
each pair of the image areas, the difference (G-step) between
the first interpolated value Igr and the second interpolated
value Igb, which are obtained by the interpolation opera-
tions, by the G-step detecting circuit 2342.

[0071] In step S10, the microcomputer 234 determines
whether the mean value (or the integrated value) of the
differences (G-steps) between the first interpolated values
Igr and the second interpolated values Igh calculated for
each image area is larger than or equal to a threshold. This
threshold is used for determining the presence or absence of
a ghost and is appropriately set. When it is determined in
step S10 that the mean value of the differences between the
first interpolated values Igr and the second interpolated
values Igb is larger than or equal to the threshold, the
processing moves to step S11. When it is determined in step
S10 that the mean value of the differences between the first
interpolated values Igr and the second interpolated values
Igb is not larger than or equal to the threshold, the processing
moves to step S12.

[0072] Instep S11, the microcomputer 234 determines that
a ghost currently occurs, and sets a flag with ghost. In step
S12, the microcomputer 234 determines that a ghost does
not currently occur, and sets a flag without ghost. After step
S11 or step S12, the processing moves to step S13.

[0073] In step S13, the microcomputer 234 determines
whether a user has pressed the release button. When it is
determined in step S13 that the release button has been
pressed, the processing moves to step S14. When it is
determined in step S13 that the release button has not been
pressed, the processing moves to step S22.

[0074] In step S14, the microcomputer 234 drives the
image sensor 206 via the image sensor driver 208 in order
to record a still image. In recording a still image, the image
sensor 206 is driven in accordance with the imaging condi-
tion (shutter speed value) set by the AE processor 218. The
image signal obtained by the image sensor 206 is analog
processed by the analog processor 210. The image signal
analog processed by the analog processor 210 is converted
into image data, a digital signal, by the A/D converter 212.
The image data obtained by the A/D converter 212 is stored
in the SDRAM 216 via the first image processor 222.
[0075] In step S15, the microcomputer 234 determines
whether a ghost occurs. This determination is determined by
whether the flag with ghost is set. When it is determined in
step S15 that a ghost occurs, the processing moves to step
S16. When it is determined in step S15 that a ghost does not
occur, the processing moves to step S19.
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[0076] In step S16, the microcomputer 234 makes the
display 228 display a warning indicating that a ghost cur-
rently occurs in the obtained still image. The warning of step
S16 is made, for example, by displaying a message. Herein,
the warning does not necessarily have to be displayed on the
display 228, and may be displayed on a display different
from the display 228. In addition, the warning may be made
by a technique other than display.

[0077] In step S17, the microcomputer 234 directs the
second image processor 224 to perform basic image pro-
cessing including the image processing for ghost cancella-
tion. In response to this direction, the second image proces-
sor 224 performs, by the basic image processor 2241, the
basic image processing including the image processing for
ghost cancellation on the image data stored in the SDRAM
216. Thereafter, the processing moves to step S18. The basic
image processing of step S17 is image processing required
for recording a still image on the recording medium 232, and
includes, for example, OB subtraction processing, WB cor-
rection processing, demosaic processing, color conversion
processing, gamma conversion processing, noise reduction
processing, scaling processing, and still image compression
processing, in addition to the image processing for ghost
cancellation.

[0078] In the image processing for ghost cancellation, the
basic image processor 2241 may be configured to change an
image processing parameter in accordance with the size of
the G-step. That is, it can be considered that a stronger ghost
occurs as the G-step is larger, and hence the image process-
ing parameter may be changed such that an effect of the
ghost cancellation is made larger as the G-step is larger.
[0079] Also, there is the possibility that a user may inten-
tionally cause a ghost, and hence processing may be pro-
vided prior to the processing of step S17, in which a user is
caused to select whether to perform image processing for
ghost cancellation. In this case, when a user selects to
perform the image processing for ghost cancellation, the
processing of step S17 is performed. Herein, the image
processing for ghost cancellation of step S17 may be omit-
ted.

[0080] In step S18, the microcomputer 234 records the
flag with ghost in Exif (Exchangeable image file format)
information that is additional information on a still image.
Thereafter, the processing moves to step S21.

[0081] In step S19 after it is determined in step S15 that a
ghost does not occur, the microcomputer 234 directs the
second image processor 224 to perform the normal basic
image processing not including the image processing for
ghost cancellation. In response to this direction, the second
image processor 224 performs, by the basic image processor
2241, the normal basic image processing not including the
image processing for ghost cancellation on the image data
stored in the SDRAM 216. Thereafter, the processing moves
to step S20. The basic image processing of step S19 is the
same as the basic image processing required for recording a
still image described in step S17, except for the image
processing for ghost cancellation.

[0082] In step S20, the microcomputer 234 records the
flag without ghost in the Exif information that is additional
information on a still image. Thereafter, the processing
moves to step S21.

[0083] In step S21, the microcomputer 234 generates a
still image file by adding the Exif information to the still
image on which the image processing has been performed,
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and records the generated still image file on the recording
medium 232 via the memory I/F 230. Thereafter, the pro-
cessing returns to step S1.

[0084] In step S22 after it is determined in step S13 that
the release button has not been pressed, the microcomputer
234 determines whether a user has pressed the power button.
When it is determined in step S22 that the power button has
been pressed, the microcomputer 234 turns off the power
supply of the camera body 200. Thereafter, the processing of
FIGS. 8A and 8B are ended. When it is determined in step
S22 that the power button has not been pressed, the pro-
cessing returns to step S1.

[0085] In the operations shown in FIGS. 8A and 8B, the
result of the ghost determination performed when the live
view is displayed is used in recording the still image.
Thereby, the time required for recording a still image can be
shortened. On the other hand, if the time required for
recording a still image can be lengthened, the ghost deter-
mination may be performed by using the image data for
recording the still image itself. In this case, the ghost
determination to be performed when the live view is dis-
played may be omitted.

[0086] FIGS. 9A and 9B are flowcharts showing opera-
tions of the camera system 1 when a movie image is
recorded. The operations of FIGS. 9A and 9B are mainly
controlled by the microcomputer 234. In FIGS. 9A and 9B,
description of the same operations as in FIGS. 8A and 8B
will be appropriately omitted.

[0087] The operations of FIGS. 9A and 9B are started, for
example, when the camera body 200 is activated in a movie
image recording mode. In step S101, the microcomputer 234
drives the image sensor 206 at a predetermined frame rate
via the image sensor driver 208 in order to obtain an image
for a live view.

[0088] In step S102, the microcomputer 234 performs
processing for displaying the live view. This processing is
the same as the processing of step S2 of FIG. 8A. Therefore,
description will be omitted.

[0089] The processing (processing group 1) shown by
steps S103 to S112 are the same as the processing shown by
steps S3 to S12 of FIG. 8A. Therefore, description will be
omitted. In the present embodiment, ghost determination is
also performed when a live view in a movie image recording
mode is displayed.

[0090] In step S113 after the ghost determination is com-
pleted, the microcomputer 234 determines whether a user
has pressed the movie start button. When it is determined in
step S113 that the movie start button has been pressed, the
processing moves to step S114. When it is determined in step
S113 that the movie start button has not been pressed, the
processing moves to step S123.

[0091] In step S114, the microcomputer 234 drives the
image sensor 206 via the image sensor driver 208 in order
to record a movie frame. In recording a movie image, the
image sensor 206 is driven at a predetermined frame rate.
The image signal obtained by the image sensor 206 is analog
processed by the analog processor 210. The image signal
analog processed by the analog processor 210 is converted
into image data, a digital signal, by the A/D converter 212.
The image data obtained by the A/D converter 212 is stored
in the SDRAM 216 via the first image processor 222.
[0092] In step S115, the microcomputer 234 determines
whether a ghost occurs in the last-minute ghost determina-
tion. When it is just after the movie start button is pressed,



US 2019/0327429 Al

the last-minute ghost determination means the ghost deter-
mination performed when a live view is displayed, and when
it is after that time, the last-minute ghost determination
means the ghost determination performed while the movie
frame before one frame is being generated. The determina-
tion in step S115 is determined by whether a flag with ghost
is set. In step S115, when it is determined in the last-minute
ghost determination that a ghost occurs, the processing
moves to step S116. In step S115, when it is determined in
the last-minute ghost determination that a ghost does not
occur, the processing moves to step S118.

[0093] In step S116, the microcomputer 234 makes, for
example, the display 228 display a warning indicating that
a ghost currently occurs. The warning of step S116 is made,
for example, by displaying a message. Herein, the warning
does not necessarily have to be displayed on the display 228,
and may be displayed on a display different from the display
228. In addition, the warning may be made by a technique
other than display.

[0094] In step S117, the microcomputer 234 directs the
second image processor 224 to perform basic image pro-
cessing including image processing for ghost cancellation.
In response to this direction, the second image processor 224
performs, by the basic image processor 2241, the basic
image processing including the image processing for ghost
cancellation on the image data stored in the SDRAM 216.
Thereafter, the processing moves to step S119. The basic
image processing of step S117 is image processing required
for recording a movie image on the recording medium 232,
and includes, for example, OB subtraction processing, WB
correction processing, demosaic processing, color conver-
sion processing, gamma conversion processing, noise reduc-
tion processing, scaling processing, and movie image com-
pression processing, in addition to the image processing for
ghost cancellation.

[0095] In the image processing for ghost cancellation, the
basic image processor 2241 may be configured to change an
image processing parameter in accordance with the size of
the G-step. That is, it can be considered that a stronger ghost
occurs as the G-step is larger, and hence the image process-
ing parameter may be changed such that an effect of the
ghost cancellation is made larger as the G-step is larger.
[0096] Also, there is the possibility that a user may inten-
tionally cause a ghost, and hence processing may be pro-
vided prior to the processing of step S117, in which a user
is caused to select whether to perform image processing for
ghost cancellation. In this case, when a user selects to
perform the image processing for ghost cancellation, the
processing of step S117 is performed. Alternatively, the
image processing for ghost cancellation of step S117 may be
omitted.

[0097] In step S118 after it is determined in step S115 that
a ghost does not occur, the microcomputer 234 directs the
second image processor 224 to perform the normal basic
image processing not including the image processing for
ghost cancellation. In response to this direction, the second
image processor 224 performs, by the basic image processor
2241, the normal basic image processing not including the
image processing for ghost cancellation on the image data
stored in the SDRAM 216. Thereafter, the processing moves
to step S119. The basic image processing of step S118 is the
same as the basic image processing for recording a movie
image, which has been described in step S117, except for the
image processing for ghost cancellation.
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[0098] In step S119, the microcomputer 234 performs the
ghost determination shown by the processing group 1. That
is, in the movie image recording mode, ghost determination
is performed while a movie image is being recorded.
Thereby, the information on the presence or absence of a
ghost can be updated even while a movie image is being
recorded.

[0099] In step S120, the microcomputer 234 makes, for
example, the SDRAM 216 store the movie frame obtained
by the basic image processing.

[0100] In step S121, the microcomputer 234 determines
whether a user has pressed the movie end button. When it is
determined in step S121 that the movie end button has not
been pressed, the processing returns to step S114. In this
case, processing for generating the next movie frame is
performed. When it is determined in step S121 that the
movie end button has been pressed, the processing moves to
step S122.

[0101] In step S122, the microcomputer 234 generates a
movie image file from the movie frame stored by the
SDRAM 216. Then, the microcomputer 234 records a flag
with ghost or a flag without ghost in the header of the
generated movie image file. The flag with ghost or the flag
without ghost is recorded to be matched, for example, with
the frame number of the movie frame. After the movie image
file is generated, the microcomputer 234 records the gener-
ated movie image file on the recording medium 232 via the
memory I/F 230. Thereafter, the processing returns to step
S101.

[0102] Instep S123 after it is determined in step S113 that
the movie start button has not been pressed, the microcom-
puter 234 determines whether a user has pressed the power
button. When it is determined in step S123 that the power
button has been pressed, the microcomputer 234 turns off the
power supply of the camera body 200. Thereafter, the
processing of FIGS. 9A and 9B are ended. When it is
determined in step S123 that the power button has not been
pressed, the processing returns to step S101.

[0103] In the operations shown in FIGS. 9A and 9B, the
result of the ghost determination performed when the live
view is displayed is used just after the movie start button is
pressed. Thereby, the time required for recording a movie
image can be shortened. On the other hand, when the time
required for recording the movie frame can be lengthened,
the ghost determination may be performed when every
movie frame is generated, by using image data for recording
itself. In this case, the ghost determination to be performed
when the live view is displayed may be omitted.

[0104] In the present embodiment, image data is divided
into image area units with a first pattern and a second pattern
different from the first pattern in performing ghost determi-
nation, and for each image area divided with each pattern, a
first value that is the mean value or integrated value of the
pixel values of Gr pixels and a second value that is the mean
value or integrated value of the pixel values of Gb pixels are
calculated, as described above. Then, interpolation opera-
tions are performed such that the center of gravity repre-
sented by the first value and the center of gravity represented
by the second value match each other. Thereby, an influence
of' the structure of a subject on the first value and the second
value can be suppressed. Therefore, the ghost determination
can be performed accurately.

[0105] In the present embodiment, the second pattern is
set in accordance with the head color of the image area
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created by the division with the first pattern. Thereby,
interpolation operations suitable in accordance with the
setting of the first pattern can be performed.

[0106] [First Variation]

[0107] Hereinafter, variations of the present embodiment
will be described. In the above embodiment, the calculation
circuit is provided in the first image processor 222 that
processes the image data from the A/D converter 212.
However, the calculation circuit may be provided, for
example, in the second image processor 224, or may be
provided separately from the first image processor 222 and
the second image processor 224. Alternatively, the same
function as the calculation circuit may be achieved by the
microcomputer 234.

[0108] Also, in the above embodiment, the interpolation
operating circuit and the G-step detecting circuit are sup-
posed to be performed in the microcomputer 234. However,
the interpolation operating circuit and the G-step detecting
circuit may be provided separately from the microcomputer
234. The interpolation operating circuit and the G-step
detecting circuit may be provided, for example, in the first
image processor 222 or in the second image processor 224,
or may be provided separately from the first image processor
222 and the second image processor 224.

[0109] [Second Variation]

[0110] In the above embodiment, the interpolation opera-
tions are performed from the first value and the second value
for the two image areas R1 and R2. In this case, it is
necessary to change the direction to which the image area R2
is to be shifted depending on the head color of the image area
R1. Second Variation is an example in which it is unneces-
sary to determine the direction to which an image area is to
be shifted, by using four image areas created by the division
with four different patterns.

[0111] FIGS. 10A and 10B are views illustrating the
positional relationships among four image areas when divi-
sion is performed with four patterns. Herein, it is assumed
that the pixels illustrated in FIG. 10A and the pixels illus-
trated in FIG. 10B are located at the same positions. As
illustrated in FIGS. 10A and 10B, an image area R2 is
shifted from an image area R1 to the right direction by 2
pixels, an image area R3 is shifted to the lower direction by
2 pixels, and an image area R4 is shifted to the lower right
direction by 2 pixels. Division with four different patterns is
performed such that division into image area units is per-
formed in this way. In the case of the division illustrated in
FIGS. 10A and 10B, it is unnecessary to change the division
patterns for the image areas R2, R3, and R4 depending on
the head color of the image area R1. Also, the shift amount
of other image areas with respect to the image area R1 may
not be 2 pixels, like the case of two image areas.

[0112] FIG. 11 is a view illustrating the positional rela-
tionship among eight centers of gravity represented by first
values and second values obtained in the four image areas.
Herein, a center of gravity Grl is a center of gravity
represented by the first value calculated for the image area
R1, and a center of gravity Gbl is a center of gravity
represented by the second value calculated for the image
area R1. Similarly, a center of gravity Gr2 is a center of
gravity represented by the first value calculated for the
image area R2, and a center of gravity Gb2 is a center of
gravity represented by the second value calculated for the
image area R2. A center of gravity Gr3 is a center of gravity
represented by the first value calculated for the image area
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R3, and a center of gravity Gb3 is a center of gravity
represented by the second value calculated for the image
area R3. A center of gravity Grd is a center of gravity
represented by the first value calculated for the image area
R4, and a center of gravity Gb4 is a center of gravity
represented by the second value calculated for the image
area R4. When the centers of gravity Grl, Gbl, Gr2, Gb2,
Gr3, Gb3, Grd, and Gb4 have the positional relationship as
illustrated in FIG. 11, the interpolation operating circuit
2341 performs the following (Equation 3) operations:

Igr=(3xVgrl+1xVgr2+9x Vgr3+3x Vgrd)/16

Igh=(3xVgh1+9xVgh2+1xVgh3+3x Vgh4)/16 (Equation 3)

Herein, Igr is a first value (a first interpolated value) after the
interpolation operation, Vgrl is the first value for the image
area R1, Vgr2 is the first value for the image area R2, Vgr3
is the first value for the image area R3, and Vgr4 is the first
value for the image area R4. Igb is a second value (a second
interpolated value) after the interpolation operation, Vgb1 is
the second value for the image area R1, Vgb2 is the second
value for the image area R2, Vgb3 is the second value for the
image area R3, and Vgb4 is the second value for the image
area R4.

[0113] FIG. 12 is a view illustrating movements of the
centers of gravity after the interpolation operations are
performed in FIG. 11. The position (interpolated position)
represented by the first interpolated value Igr obtained by the
interpolation operation shown in (Equation 3) is the position
of Iin FIG. 12. Similarly, the position (interpolated position)
represented by the second interpolated value Igb obtained by
the interpolation operation shown in (Equation 3) is also the
position of I in FIG. 12. That is, the center of gravity
represented by the first interpolated value and the center of
gravity represented by the second interpolated value match
each other.

[0114] According to the above-described Second Varia-
tion, it is unnecessary to change the division patterns of
other image areas depending on the head color of one image
area.

[0115] [Third Variation]

[0116] Recent image sensors may have a phase difference
detection pixel. The phase difference detection pixel is, for
example, a pixel whose partial area is shaded such that a
phase difference can be detected. How to arrange the phase
difference detection pixel is changed depending on which
position of a screen a focus state is detected at. FIG. 13A
illustrates an example of an image sensor in which the phase
difference detection pixels AF are arranged, for example, at
the positions of some of Gr pixels and Gb pixels. FIG. 13B
illustrates an example of an image sensor in which the phase
difference detection pixels AF are arranged in a certain pixel
line.

[0117] When the same amount of light is incident, the
phase difference detection pixel and a normal pixel that is
not the phase difference detection pixel respectively output
image signals different from each other. Therefore, if the
phase difference detection pixel is used for the ghost deter-
mination, the difference between the image signals of the
phase difference detection pixel and a normal pixel appears
as a G-step. If the ghost determination is performed by such
a G-step, incorrect determination is caused.

[0118] Therefore, when the phase difference detection
pixel is arranged at the position of the Gr pixel or Gb pixel
in an image area, the first value or second value is calculated
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by excluding the pixel value of the phase difference detec-
tion pixel, in Third Variation. Thereby, the accuracy of the
ghost determination can be further increased.

[0119] Although the phase difference detection pixel has
been described as an example of a pixel different from a
normal pixel in Third Variation, the technique of Third
Variation can be applied to pixels of various structures that
output different pixel signals from normal pixels.

[0120] [Other Variations]

[0121] In the above embodiment, a camera system such as
a digital camera has been described as an application
example of the imaging apparatus. On the other hand, the
technique of the present embodiment can be applied to
various imaging apparatuses having a solid-state image
sensor with Bayer array structure. The technique of the
present embodiment can also be applied to various imaging
apparatuses such as, for example, an endoscope, a micro-
scope, and a surveillance camera. Further, the ghost deter-
mination in the present embodiment can be performed when
image data is obtained via a solid-state image sensor with
Bayer array structure. Therefore, the technique of the pres-
ent embodiment can also be applied to an image processing
apparatus that does not have an image sensor and to which
the image data obtained via a solid-state image sensor with
Bayer array structure is to be input.

[0122] Furthermore, each processing in the above embodi-
ment can also be stored as an image processing program that
the microcomputer 234 can execute. In addition, the each
processing can be distributed by storing on a storage
medium of an external storage apparatus, such as a magnetic
disk, an optical disc, or a semiconductor memory. The
microcomputer 234 can perform the above processing by
reading the image processing program stored in the storage
medium of the external storage apparatus so that operations
are controlled by the loaded image processing program.

[0123] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the invention
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An imaging apparatus comprising a solid-state image
sensor with Bayer array structure in which a first line, where
red pixels and first green pixels are alternately arranged in a
horizontal direction, and a second line, where blue pixels
and second green pixels are alternately arranged in the
horizontal direction, are alternately arranged in a vertical
direction, the imaging apparatus comprising:

a calculation circuit configured to calculate a first value
and a second value, for each predetermined image area
of image data output from the solid-state image sensor,
the first value being a mean value or integrated value of
pixel values of the first green pixels, the second value
being a mean value or integrated value of pixel values
of the second green pixels;

an interpolation operating circuit configured to perform,
for a plurality of the image areas, an interpolation
operation by using the first values and the second
values such that a first center of gravity represented by
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each of the first values and a second center of gravity
represented by each of the second values match each
other; and

a G-step detecting circuit configured to calculate a dif-
ference between the first value and the second value
interpolated.

2. The imaging apparatus according to claim 1, wherein

the calculation circuit calculates, for two of the image
areas whose positions are apart from each other by 2
pixels in each of the horizontal and vertical directions,
two of the first values and two of the second values.

3. The imaging apparatus according to claim 2, wherein

the calculation circuit determines a direction to which one
of the two image areas is to be shifted in accordance
with a head color of the other of the two image areas.

4. The imaging apparatus according to claim 1, wherein

the calculation circuit calculates, for four of the image
areas, four of the first values and four of the second
values, and

from a first of the image area of the four image areas, a
second of the image area is shifted by 2 pixels in the
horizontal direction, a third of the image area is shifted
by 2 pixels in the vertical direction, and a fourth of the
image area is shifted by 2 pixels in each of the
horizontal and vertical directions.

5. The imaging apparatus according to claim 1, wherein

the calculation circuit calculates the first value and the
second value by excluding a different pixel, the differ-
ent pixel being different from a normal first green pixel
exists at a position of the first green pixel or a normal
second green pixel exists at a position of the second
green pixel in the image area.

6. An image processing apparatus comprising:

a calculation circuit configured to calculate a first value
and a second value, for each predetermined image area
of image data output from a solid-state image sensor
with Bayer array structure in which a first line, where
red pixels and first green pixels are alternately arranged
in a horizontal direction, and a second line, where blue
pixels and second green pixels are alternately arranged
in the horizontal direction, are alternately arranged in a
vertical direction, the first value being a mean value or
integrated value of pixel values of the first green pixels
and the second value being a mean value or integrated
value of pixel values of the second green pixels;

an interpolation operating circuit configured to perform,
for a plurality of the image areas, an interpolation
operation by using a plurality of the first values and a
plurality of the second values such that a first center of
gravity represented by each of the first values and a
second center of gravity represented by each of the
second values match each other; and

a G-step detecting circuit configured to calculate a dif-
ference between the first value and the second value
interpolated.

7. The image processing apparatus according to claim 6,

wherein

the calculation circuit calculates, for two of the image
areas whose positions are apart from each other by 2
pixels in each of the horizontal and vertical directions,
two of the first values and two of the second values.

8. An image processing method comprising:

calculating a first value and a second value, for each
predetermined image area of image data output from a
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solid-state image sensor with Bayer array structure in
which a first line, where red pixels and first green pixels
are alternately arranged in a horizontal direction, and a
second line, where blue pixels and second green pixels
are alternately arranged in the horizontal direction, are
alternately arranged in a vertical direction, the first
value being a mean value or integrated value of pixel
values of the first green pixels and the second value
being a mean value or integrated value of pixel values
of the second green pixels;
performing an interpolation operation by using a plurality
of the first values and a plurality of the second values
calculated for a plurality of the image areas such that a
first center of gravity represented by each of the first
values and a second center of gravity represented by
each of the seconds match each other; and
calculating a difference between the first value and the
second value interpolated by the interpolation opera-
tion.
9. The image processing method according to claim 8,
wherein
the calculating the first value and the second value
includes calculating, for two of the image areas whose
positions are apart from each other by 2 pixels in each
of the horizontal and vertical directions, two of the first
values and two of the second values.
10. A computer readable recording medium that records
an image processing program for causing a computer to
execute:
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calculating a first value and a second value, for each
predetermined image area of image data output from a
solid-state image sensor with Bayer array structure in
which a first line, where red pixels and first green pixels
are alternately arranged in a horizontal direction, and a
second line, where blue pixels and second green pixels
are alternately arranged in the horizontal direction, are
alternately arranged in a vertical direction, the first
value being a mean value or integrated value of pixel
values of the first green pixels and a second value being
a mean value or integrated value of pixel values of the
second green pixels;

performing an interpolation operation by using a plurality
of the first values and a plurality of the second values
calculated for a plurality of the image areas such that a
first center of gravity represented by each of the plu-
rality of the first values and a second center of gravity
represented by each of the plurality of the second
values match each other; and

calculating a difference between the first value and the
second value interpolated by the interpolation opera-
tion.

11. The recording medium according to claim 10, wherein

the calculating the first value and the second value
includes calculating, for two of the image areas whose
positions are apart from each other by 2 pixels in each
of the horizontal and vertical directions, two of the first
values and two of the second values.
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