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(57) Efficient thinned reading is performed in a case
in which an image pickup device equipped with a color
filter having an array different from a Bayer array is em-
ployed.

An imaging apparatus (10) includes: an image pick-
up device (14) containing plural photoelectric conversion
elements arrayed in first and second directions; a color
filter having a repeatedly disposed basic array pattern of
array lines that include the first and second filters in the
second direction, and include a plurality of matching array
lines that have the same array as each other along the
second direction, and at least one array line that has a
different array for the first and second filters in the second
direction to that of the matching array lines; and an image
processing section (20) that reads pixel signals of the
plural pixels at a set cycle from the image pickup device
(14), generates line image data for each of the matching
array lines in the basic array pattern from out of the plural
pixels, and sums together pixels that are the same color
pixel as each other in the generated line image data, and
generates image data based on the line image data that
has been pixel summed.
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Description

[Technical Field]

[0001] The present invention relates to an imaging ap-
paratus, and a control method and a control program for
an imaging apparatus, and in particular to an imaging
apparatus equipped with a color image pickup device,
and a control method and control program for an imaging
apparatus of the same.

[Background Art]

[0002] A primary color system Bayer array (see, for
example, Patent Documents 1 to 3), this being a color
array widely employed in color image pickup devices,
has red (R) and blue (B) placed in sequential lines of a
chessboard pattern of green (G) pixels, to which the hu-
man eye is most sensitive and that contribute most to
obtaining a brightness signal.

[Prior Art Documents]

[Patent Documents]

[0003]

[Patent Document 1] Japanese Patent Application
Laid-Open (JP-A) No. 2002-135793
[Patent Document 2] Japanese Patent No. 3960965
[Patent Document 3] JP-A No. 2004-266369

[DISCLOSURE OF INVENTION]

[Problem to be Solved by Invention]

[0004] However, in a color image pickup device that
employs a conventional Bayer array, for example in cas-
es in which thinned reading is performed in the vertical
direction in order to generate image data for video use,
in situations where for example one line’s worth of image
data has been read for each 2n lines (wherein n is a
positive integer) in the vertical direction (vertical direction
1/2n thinning, even number thinning), this results in line
image data being read that only contains two colors: G
and R, or G and B, and so color reproduction is not pos-
sible. Therefore, in thinned reading, generally one line’s
worth of image data is read for each (2n + 1) lines (vertical
direction 1/(2n + 1) thinning, odd number thinning). More-
over, in other cases in which thinned reading is per-
formed, in order to obtain color reproduction, horizontal
lines containing G and R, and horizontal lines containing
G and B need to be read alternately, placing severe lim-
itations on reading methods.
[0005] Moreover, in a Bayer array, there is a problem
with reproduction precision when generating high fre-
quency signals in diagonal directions for G signals, and
in the horizontal direction and the vertical direction for R

and B signals, there is a problem of an inability to sup-
press generation of color moiré (false color) for high fre-
quency signals, and when thinned reading is performed
as described above, since the same color array results
as that of the original Bayer array, the same problems
occur.
[0006] The present invention has been configured to
solve the above problems, and an object thereof is to
provide an imaging apparatus, and a control method and
a control program for an imaging apparatus, that enable
efficient thinned reading to be performed in cases in
which an image pickup device equipped with a color filter
with an array other than a Bayer array is employed.

[Means for Solving Problem]

[0007] In order to solve the above problems, an imag-
ing apparatus of the present invention includes: an image
pickup device including plural photoelectric conversion
elements arrayed in a predetermined first direction and
a second direction intersecting with the first direction; a
color filter that is provided above plural pixels configured
by the plural photoelectric conversion elements, the color
filter having a repeatedly disposed basic array pattern of
array lines that each include in the second direction at
least one of each of a first filter corresponding to a first
color that contributes most to obtaining a brightness sig-
nal and of plural second filters respectively correspond-
ing to 2 or more second colors other than the first color,
and include plural matching array lines that have the
same array as each other along the second direction,
and at least one array line that has a different array for
the first filter and the second filters in the second direction
to that of the matching array lines; a line image data gen-
eration means that reads pixel signals of the plural pixels
at a set cycle from the image pickup device, and, from
the read pixel signals, generates, from out of the plural
pixels, line image data of each of the matching array lines
in the basic array pattern; a pixel summing means that
sums together pixels that are the same color pixel as
each other in the generated line image data for the match-
ing array lines; and an image data generation means that
generates image data based on the line image data that
has been pixel summed.
[0008] According to this invention, the color filter in-
cludes plural lines of matching arrays in the basic array
pattern, and an improvement in the S/N ratio of the image
is enabled since pixel summing processing is executed
that sums together pixels that are the same color pixel
as each other in generated line image data of matching
arrays.
[0009] Note that the line image data generation means
may generate line image data that has a different array
for each of the first color and each of the 2 or more second
colors to that of the matching array lines, such that there
is at least one each of the first color and each of the 2 or
more second colors included in each line running along
the first direction.
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[0010] According to this invention, since there is at
least one each of the first color and each of the 2 or more
second colors included in each line running along the
first direction in the image after pixel summing, an im-
provement in image quality is enabled in the image after
pixel summing compared to cases in which there are pix-
els of only one color disposed in the line running along
the first direction.
[0011] Moreover, the line image data generation
means may generate line image data with positions in
the first direction at positions sandwiched by the match-
ing array lines.
[0012] According to this invention, since line image da-
ta of each matching array line is generated and pixel sum-
ming performed, and line image data with positions in
the first direction at positions sandwiched by the match-
ing array lines is generated, the position of the center of
gravity in the first direction of the line image data that is
pixel summed, matches the position of line image data
at the position sandwiched by the matching array lines.
Moreover, since the image after pixel summing includes
at least one each of the first color and each of the 2 or
more second colors included in each line running along
the first direction, an improvement in image quality is en-
abled, compared to cases in which there are pixels of
only the first color disposed in a line running along the
first direction.
[0013] Moreover, the line image data generation
means may generate line image data of the matching
array lines having the closest position to each other in
the first direction.
[0014] According to this invention, since line image da-
ta is respectively generated and pixel summed for match-
ing array lines that are positioned closest to each other
in the first direction, images with excellent quality are
obtained.
[0015] Moreover, the line image data generation
means, as the set cycle for reading pixel signals of the
plural pixels from the image pickup device, may read the
pixel signals of the matching array lines in the basic array
pattern out of the plural pixels and generate line image
data.
[0016] Moreover, configuration may be made such
that: at least one of the first filters is placed in each line
in the color filter in the first direction, the second direction,
and third directions that intersect with the first direction
and the second direction; and at least one of each of
plural of the second filters is placed in each line in the
basic array pattern in the first direction and the second
direction.
[0017] According to this invention, the first filter that
corresponds to the first color that contributes most to ob-
taining a brightness signal is placed in each line in the
color filter in the first direction to the third directions, there-
by enabling reproduction precision of synchronization
processing to be raised in high frequency regions. More-
over, the second filters that respectively correspond to
each color of the 2 or more second colors other than the

first color are placed such that there is 1 or more of each
in each line in the basic array pattern in the first direction
and the second direction, thereby enabling generation of
color moiré (false color) to be reduced, and enabling high-
er definition images to be achieved.
[0018] Moreover, the color filter may include a square
array corresponding to 2 3 2 pixels configured from the
first filter.
[0019] According to this invention, which direction, out
of each of the four directions, is the brightness correlation
direction can be determined by determination of the min-
imum pixel separation based on difference values of pixel
values between each of the pixels of the 4 pixels of the
square array corresponding to the 2 3 2 pixels.
[0020] Moreover, configuration may be made such that
the first color is green (G), and the second colors are red
(R) and blue (B).
[0021] Moreover, configuration may be made such
that: the color filter includes an R filter, a G filter, and a
B filter corresponding to colors red (R), green (G) and
blue (B); and the color filter is configured by a first array
and a second array alternately arrayed in the first direc-
tion and the second direction, in which the first array cor-
responds to 3 3 3 pixels with the G filter placed at the
center and the 4 corners, the B filter placed at the top
and bottom of the central G filter, and the R filter placed
at the left and right of the central G filter, and the second
array corresponds to 3 3 3 pixels with the G filter placed
at the center and the 4 corners, the R filter placed at the
top and bottom of the central G filter, and the B filter
placed at the left and right of the central G filter.
[0022] According to this invention, if 5 3 5 pixels (a
local region of a mosaic image) are extracted centered
on the first array or the second array, 2 3 2 pixels of G
pixels are present at the 4 corners of the 5 3 5 pixels.
The pixel values of these 2 3 2 pixels of G pixels can be
employed to determine the correlation direction out of 4
directions.
[0023] Moreover, configuration may be made such
that: the color filter includes an R filter, a G filter, and a
B filter corresponding to colors red (R), green (G) and
blue (B); and the color filter is configured by a first array
and a second array alternately arrayed in the first direc-
tion and the second direction, in which the first array cor-
responds to 3 3 3 pixels with the R filter placed at the
center, the B filter placed at the 4 corners, and the G filter
placed at the top, bottom, left and right of the central R
filter, and the second array corresponds to 3 3 3 pixels
with the B filter placed at the center, the R filter placed
at the 4 corners, and the G filter placed at the top, bottom,
left and right of the central B filter.
[0024] According to this invention, if 5 3 5 pixels (a
local region of a mosaic image) are extracted centered
on the first array or the second array, there is a G pixel
present in adjacent contact on either side in the horizontal
direction and the vertical direction of the central pixel (the
R pixel or the B pixel) of the 5 3 5 pixels. The pixel values
of these G pixels (a total of 8 pixels) can be employed to
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determine the correlation direction out of 4 directions.
[0025] Moreover, configuration may be made such that
the color filter has point symmetry about the center of the
basic array pattern.
[0026] According to this invention, a reduction in the
circuit scale of a processing circuit at a later stage is
enabled.
[0027] A control method of the present invention is a
control method for an imaging apparatus equipped with
an image pickup device including plural photoelectric
conversion elements arrayed in a predetermined first di-
rection and a second direction intersecting with the first
direction, and a color filter that is provided above plural
pixels configured by the plural photoelectric conversion
elements, the color filter having a repeatedly disposed
basic array pattern of array lines that each include in the
second direction at least one of each of a first filter cor-
responding to a first color that contributes most to obtain-
ing a brightness signal and of plural second filters re-
spectively corresponding to 2 or more second colors oth-
er than the first color, and include plural matching array
lines that have the same array as each other along the
second direction, and at least one array line that has a
different array for the first filter and the second filters in
the second direction to that of the matching array lines.
The control method for an imaging apparatus including:
a line image data generation means that reads pixel sig-
nals of the plural pixels at a set cycle from the image
pickup device, and, from the read pixel signals, gener-
ates, from out of the plural pixels, line image data of each
of the matching array lines in the basic array pattern; a
pixel summing means that sums together pixels that are
the same color pixel as each other in the generated line
image data for the matching array lines; and an image
data generation means that generates image data based
on the line image data that has been pixel summed.
[0028] A control program of the present invention is a
control program that causes processing to be executed
in a computer that controls an imaging apparatus
equipped with an image pickup device including plural
photoelectric conversion elements arrayed in a predeter-
mined first direction and a second direction intersecting
with the first direction, and a color filter that is provided
above plural pixels configured by the plural photoelectric
conversion elements, the color filter having a repeatedly
disposed basic array pattern of array lines that each in-
clude in the second direction at least one of each of a
first filter corresponding to a first color that contributes
most to obtaining a brightness signal and of plural second
filters respectively corresponding to 2 or more second
colors other than the first color, and include plural match-
ing array lines that have the same array as each other
along the second direction, and at least one array line
that has a different array for the first filter and the second
filters in the second direction to that of the matching array
lines. The control program including: a step of reading
pixel signals of the plural pixels at a set cycle from the
image pickup device; a step of, from the read pixel sig-

nals, generating, from out of the plural pixels, line image
data of each of the matching array lines in the basic array
pattern; a step of summing together pixels that are the
same color pixel as each other in the generated line im-
age data for the matching array lines; and a step of gen-
erating image data based on the line image data that has
been pixel summed.
[0029] A control program of the present invention is a
control program that causes processing to be executed
in a computer, the processing including: a step of gen-
erating line image data from pixel signals of pixel signals
in plural pixels read at a set cycle from an image pickup
device including plural photoelectric conversion ele-
ments arrayed in a predetermined first direction and a
second direction intersecting with the first direction, and
a color filter that is provided above plural pixels config-
ured by the plural photoelectric conversion elements, the
color filter having a repeatedly disposed basic array pat-
tern of array lines that each include in the second direc-
tion at least one of each of a first filter corresponding to
a first color that contributes most to obtaining a brightness
signal and of plural second filters respectively corre-
sponding to 2 or more second colors other than the first
color, and include plural matching array lines that have
the same array as each other along the second direction,
and at least one array line that has a different array for
the first filter and the second filters in the second direction
to that of the matching array lines, the line image data
being generated for the matching array lines in the basic
array pattern out of the plural pixels; a step of summing
together pixels that are the same color pixel as each other
in the generated line image data for the matching array
lines; and a step of generating image data based on the
line image data that has been pixel summed.

[Advantageous Effects of Invention]

[0030] According to the present invention, the advan-
tageous effect is exhibited of enabling effective thinned
reading to be performed in cases in which an image pick-
up device equipped with a color filter with an array other
than a Bayer array is employed.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0031]

[Fig. 1] Fig. 1 is a schematic block diagram of an
imaging apparatus according to a first exemplary
embodiment.
[Fig. 2] Fig. 2 is a configuration diagram of a color
filter according to the first exemplary embodiment.
[Fig. 3] Fig. 3 is a diagram illustrating a basic array
pattern contained in a color filter according to the
first exemplary embodiment.
[Fig. 4] Fig. 4 is a diagram illustrating a color filter in
which 6 3 6 pixel basic array patterns contained in
a color filter according to the first exemplary embod-
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iment are split into 3 3 3 pixel A arrays and B arrays
that are repeatedly disposed along a horizontal di-
rection and a vertical direction.
[Fig. 5] Fig. 5 is a diagram illustrating a distinctive
placement of G pixels in a color filter according to
the first exemplary embodiment.
[Fig. 6] Fig. 6 is an explanatory diagram regarding
pixel summing processing according to the first ex-
emplary embodiment.
[Fig. 7] Fig. 7 is a flow chart illustrating processing
executed by a control section.
[Fig. 8] Fig. 8 is an explanatory diagram regarding
pixel summing processing according to a second ex-
emplary embodiment.
[Fig. 9] Fig. 9 is an explanatory diagram regarding
pixel summing processing according to a third ex-
emplary embodiment.
[Fig. 10] Fig. 10 is a configuration diagram of a color
filter according to a fourth exemplary embodiment.
[Fig. 11] Fig. 11 is a diagram illustrating a basic array
pattern contained in a color filter according to the
fourth exemplary embodiment.
[Fig. 12A] Fig. 12A is a diagram illustrating a color
filter in which 6 3 6 pixel basic array patterns con-
tained in a color filter according to the fourth exem-
plary embodiment are split into 3 3 3 pixel A arrays
and B arrays that are repeatedly disposed along a
horizontal direction and a vertical direction.
[Fig. 12B] Fig. 12B is a diagram illustrating a distinc-
tive placement of G pixels in a color filter according
to the fourth exemplary embodiment.
[Fig. 13] Fig. 13 is a diagram of a modified example
of a color filter.
[Fig. 14] Fig. 14 is a diagram of a modified example
of a color filter.
[Fig. 15] Fig. 15 is a diagram of a modified example
of a color filter.

[DESCRIPTION OF EMBODIMENTS]

[0032] Explanation follows regarding exemplary em-
bodiments of the present invention, with reference to the
drawings.

First Exemplary Embodiment

[0033] Fig. 1 is a schematic block diagram illustrating
an imaging apparatus 10 according to the present exem-
plary embodiment. The imaging apparatus 10 is config-
ured including an optical system 12, an image pickup
device 14, an image capture processing section 16, an
image processing section 20, a drive section 22, and a
controller 24.
[0034] The optical system 12 is configured including,
for example, a lens set configured from plural optical lens-
es, an aperture adjustment mechanism, a zoom mech-
anism, and an automatic focusing mechanism.
[0035] The image pickup device 14 is what is referred

to as a 1-chip image pickup device configured by an im-
age pickup device, such as for example a Charge Cou-
pled Device (CCD) or a Complementary Metal Oxide
Semiconductor (CMOS), containing plural photoelectric
conversion elements arrayed in the horizontal direction
and vertical direction, with a color filter disposed above
the image pickup device.
[0036] Fig. 2 illustrates a portion of a color filter accord-
ing to the present exemplary embodiment. One out of 3
primary color filters red (R), green (G) and blue (B) is
placed over each of the pixels.

Color Filter Array Features

[0037] The color filter of the first exemplary embodi-
ment includes the following features (1) to (6).

Feature (1)

[0038] The color filter array has a repeatedly disposed
basic array pattern of a predetermined pattern of (N 3
M) pixels (wherein N, M are integers of 3 or more) in the
vertical direction and the horizontal direction of the 3 pri-
mary color filters red (R), green (G) and blue (B), wherein
the green (G) filter and at least one color filter out of the
red (R) or the blue (B) is placed in each of the vertical
direction and the horizontal direction.
[0039] The color filter according to the present exem-
plary embodiment illustrated in Fig. 2 includes a basic
array pattern P (the pattern indicated by the bold frame)
formed from square array patterns corresponding to, as
an example, 6 3 6 pixels (N = M = 6), with the basic array
pattern P disposed so as to repeat in both the vertical
direction (a first direction) and the horizontal direction (a
second direction). Namely, the color filter is arrayed such
that the respective filters of each color R, G, B (the R
filters, G filters, B filters) have a specific periodicity.
[0040] Thus arraying the R filters, G filters and B filters
with a specific periodicity enables processing to be per-
formed in a repeating pattern during, for example, syn-
chronization processing (also referred to as demosaic
processing, the same applies below) of R, G, B signals
read from the color image pickup device.

Feature (2)

[0041] The color filter array illustrated in Fig. 2 has the
G filter, that corresponds to the color contributing the
most to obtaining a brightness signal (the color G in the
present exemplary embodiment) placed in each line in
the color filter array in the vertical direction that is the first
direction, the horizontal direction that is the second di-
rection, and third directions in the color filter plane that
intersect with the first direction and the second direction,
namely diagonal directions (NE, NW) (third directions).
Note that NE means a diagonal direction toward the top
right, and NW means a diagonal direction toward the bot-
tom right. For example, for a square pixel array, the di-
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agonal top right direction and the diagonal bottom right
direction are directions at 45° with respect to the horizon-
tal direction. However, in a rectangular pixel array, these
are the directions of the pair of diagonals of a rectangle,
and their angle varies according to the lengths of the long
sides and the short sides.
[0042] Placing the G filters, corresponding to the
brightness system pixels, in each of the lines in the ver-
tical direction, horizontal direction, and diagonal direc-
tions (NE, NW) of the color filter array, enables the re-
production precision of synchronization processing to be
raised in high frequency regions, irrespective of the di-
rectionality of the high frequency.

Feature (3)

[0043] In the color filter array illustrated in Fig. 2, 1 or
more of each of the R filter and the B filter, corresponding
to the 2 or more colors other than the above color G
(colors R, B in the present exemplary embodiment), is
disposed in each line in the basic array pattern P in the
vertical direction and horizontal direction of the color filter
array.
[0044] Disposing the R filter and the B filter in each line
in the vertical direction and horizontal direction of the
color filter array enables generation of color moiré (false
color) to be reduced.
[0045] This thereby enables an optical low pass filter
for suppressing false color generation to be omitted from
placement on the optical path of the optical system, from
the incident face to the imaging plane, or, even in cases
in which an optical low pass filter is applied, one can be
employed that has a weak action to cut the high frequency
components to prevent false color generation, thereby
enabling deterioration of resolution to be avoided.

Feature (4)

[0046] Fig. 3 illustrates a state in which the basic array
pattern P illustrated in Fig. 2 has been divided into 4 sets
of 3 3 3 pixels.
[0047] The basic array pattern P, as illustrated in Fig.
3, may be achieved by arraying an A array of the 3 3 3
pixels surrounded by the solid line frame, and a B array
of the 3 3 3 pixels surrounded by the broken line frame,
so as to be alternately disposed along the horizontal and
vertical directions.
[0048] In both the A array and the B array, the G filters
that are the brightness system pixels are placed at the 4
corners and at the center, thereby being placed over both
diagonal lines. In the A array, R filters are placed on both
sides of the central G filter in the horizontal direction, and
B filters are placed on both sides of the central G filter in
the vertical direction. However in the B array, B filters are
placed on both sides of the central G filter in the horizontal
direction, and R filters are placed on both sides of the
central G filter in the vertical direction. Namely, the A
array and the B array have reverse positional relation-

ships for the R filters and the B filters, but have similar
placement otherwise.
[0049] Due to disposing the A array and the B array
alternately in the vertical direction and the horizontal di-
rection, as illustrated in Fig. 4, the 4 corner G filters in
the A array and the B array form square array G filters
corresponding to 2 3 2 pixels.
[0050] Namely, the color filter array (basic array pattern
P) illustrated in Fig. 2 includes square arrays correspond-
ing to 2 3 2 pixels configured by G filters.
[0051] When, as illustrated in Fig. 5, a 5 3 5 pixel local
region centered on an A array is extracted from a mosaic
image output from the image pickup device 14, the 2 3
2 pixels of G pixels at the 4 corners in the local region
are disposed as illustrated in Fig. 5.
[0052] As illustrated in Fig. 5, taking the pixel values
of the 2 3 2 pixels of G pixels as G1, G2, G3, G4 in
sequence from top left to bottom right, the vertical direc-
tion difference absolute value of the pixel values of these
G pixels is (|G1 - G3| + |G2 - G4|)/2, the difference ab-
solute value in the horizontal direction is (|G1 - G2| + |G3
- G4|)/2, the difference absolute value in the diagonal
direction towards the top right is |G2 - G3|, and the dif-
ference absolute value in the diagonal direction towards
the top left is |G1 - G4|.
[0053] The correlation (correlation direction) can then
be determined as the direction with the smallest differ-
ence absolute value out of these four correlation absolute
values.
[0054] As illustrated in Fig. 4 or Fig. 5, when a 5 3 5
pixel local region is extracted from a mosaic image such
that the 3 3 3 pixel A array is positioned at its center,
there are 2 3 2 pixels of G pixels placed at the 4 corners
thereof. Consequently, when the 3 3 3 pixels of the A
array inside the above local region are pixels subject to
synchronization processing, the sums (or the average
values) of the correlation absolute values of the 4 corners
are derived separately for each direction, and the direc-
tion having the smallest value out of the sums (or the
average values) of the correlation absolute values for
each direction is determined as the brightness correlation
direction of the pixels subject to synchronization process-
ing. The determined correlation direction may be em-
ployed when performing synchronization

Feature (5)

[0055] Moreover, the basic array pattern P configuring
the color filter array illustrated in Fig. 2 has point symme-
try about the center of the basic array pattern (the center
of the 4 G filters). Moreover, as illustrated in Fig. 3, each
of the A array and the B array inside the basic array pat-
tern also respectively have point symmetry about the
central G filters, and also have top-bottom and left-right
symmetry (line symmetry).
[0056] This symmetry enables the circuit scale of a
processing circuit at a later stage to be made smaller,
and to be simplified.
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Feature (6)

[0057] The basic array pattern P that configures the
color filter array illustrated in Fig. 2 includes plural match-
ing array lines that include at least one of each of the G
filter, the R filter, and the B filter. For example, as illus-
trated in Fig. 6, the 1st line, the 3rd line, the 4th line, and
the 6th line in the vertical direction are matching arrays.
Consequently, in cases in which thinned reading is per-
formed, an improvement in the S/N ratio of the image is
enabled by reading line image data of the matching ar-
rays and pixel summing.
[0058] The image capture processing section 16 per-
forms predetermined processing on image capture sig-
nals output from the image pickup device 14, such as
amplification processing, correlation double sampling
processing and A/D conversion processing, and then out-
puts these as image data to the image processing section
20.
[0059] The image processing section 20 subjects the
image data output from the image capture processing
section 16 to what is referred to as synchronization
processing. Namely, for all the pixels, interpolation is per-
formed of image data for colors other than the corre-
sponding respective color from pixel data of peripheral
pixels, so as to generate R, G, B image data for all pixels.
Then, what is referred to as YC conversion processing
is performed to the generated R, G, B image data, to
generate brightness data Y and color difference data Cr,
Cb. Resizing processing is then performed to re-size
these signals to a size according to the image capture
mode.
[0060] The drive section 22 performs driving such as
reading image capture signals from the image pickup de-
vice 14 according to instruction from the controller 24.
[0061] The controller 24 performs overall control, such
as of the drive section 22 and the image processing sec-
tion 20, according to such factors as the image capture
mode. Detailed description is given later, however, brief-
ly, the controller 24 instructs the drive section 22 to read
image capture signals with a reading method according
to the image capture mode, and instructs the image
processing section 20 to perform image processing ac-
cording to the image capture mode.
[0062] Since, depending on the image capture mode,
there is a need to thin and read the image capture signals
from the image pickup device 14, the controller 24 in-
structs the drive section 22 so as to thin with a thinning
method according to the instructed image capture mode
and to read the image capture signals.
[0063] As the image capture mode, there is a still image
mode that captures a still image, and video modes, in-
cluding an HD video mode that thins a captured image
and generates High Definition (HD) video data at a com-
paratively high resolution and records this on a recording
medium such as a memory card, not illustrated in the
drawings, and a through video mode (live-view mode) in
which a captured image is thinned and a through video

(live-view image) of comparatively low resolution is out-
put to a display section, not illustrated in the drawings.
However, the type of image capture mode is not limited
thereto.
[0064] Explanation next follows regarding processing
executed by the controller 24 as operation of the present
exemplary embodiment, with reference to the flow chart
illustrated in Fig. 7.
[0065] Note that the processing illustrated in Fig. 7 is
executed in cases in which instruction is given to execute
image capture according to the image capture mode. The
following explanation describes a case in which line im-
age data is read at predetermined positions in the vertical
direction, namely a case in which reading is performed
in which lines other than lines at the predetermined po-
sitions in the vertical direction are thinned (left out). The
line image data in this case is a collection of pixel data
of pixels in a row running along the horizontal direction.
[0066] First, at step 100, the drive section 22 is instruct-
ed to read image data using a thinning method corre-
sponding to the image capture mode.
[0067] In the present exemplary embodiment, the drive
section 22 is instructed to read line image data of each
of the matching array lines in the basic array pattern P
from the image pickup device 14 (in the present exem-
plary embodiment the drive section 22 and the controller
24 correspond to the line image data generation means).
Specifically, as illustrated in Fig. 6, the drive section 22
is instructed to read the 1st line, the 3rd line, the 4th line,
and the 6th line of the basic array pattern P. The line
image data of the 1st line, the 3rd line, the 4th line, and
the 6th line in the basic array pattern P are each read
thereby.
[0068] At step 102, the image processing section 20
is instructed such that pixel summing processing is exe-
cuted that sums together pixels that are the same color
pixel as each other in line image data of read matching
arrays, and image processing (for example, synchroni-
zation processing (mosaic processing), YC conversion
processing, resize processing, or the like) is executed on
the image data after pixel summing processing, accord-
ing to the image capture mode (in the present exemplary
embodiment, the image processing section 20 and the
controller 24 correspond to the image summing means
and the image data generation means).
[0069] Thereby, pixels that are the same color pixel as
each other in the line image data of the 1st line, the 3rd

line are summed together, and pixels that are the same
color pixel as each other in the line image data of the 4th

line, and the 6th line are summed together, as illustrated
in Fig. 6.
[0070] Note that the controller 24 and the image
processing section 20 may be configured by a computer
including a CPU, ROM, RAM and non-volatile ROM. In
such cases, the processing program for the above
processing may, for example, be pre-stored on the non-
volatile ROM, and may be executed by reading by the
CPU.

11 12 



EP 2 800 375 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0071] Accordingly, in the present exemplary embod-
iment, since the color filter includes plural lines of match-
ing arrays in the basic array pattern P, and pixel summing
processing is executed that sums together pixels in line
image data of read matching arrays that are the same
color pixel as each other, an improvement in the S/N ratio
of the image is enabled.
[0072] Note that in cases in which 3 or more lines of
matching array lines are present in the vertical direction
of the basic array pattern P, it is preferable that respective
line image data is read of the matching arrays having the
closest position to each other in the vertical direction. An
image of excellent quality can be obtained thereby.
[0073] Moreover, although explanation has been given
in the present exemplary embodiment in which pixel val-
ues of pixels that are the same color pixel as each other
in the line image data of matching arrays are simply
summed together, there is no limitation thereto, and
weighted summing may be performed.

Second Exemplary Embodiment

[0074] Explanation next follows regarding a second ex-
emplary embodiment of the present invention. In the
present exemplary embodiment, explanation follows re-
garding a case in which the image pickup device 14 is
driven so as to read line image data of arrays, other than
matching arrays that are pixel summed, so as to include
at least one of each of the colors R, G, and B along each
line in the vertical direction.
[0075] In the present exemplary embodiment, at step
100 of Fig. 7, the controller 24 reads line image data of
each matching array in the basic array pattern P, and the
drive section 22 is instructed to read line image data of
arrays other than these matching array lines, such that
the image after reading, includes at least one of each of
the colors R, G, and B in each line running along the
vertical direction.
[0076] Specifically, as illustrated in Fig. 8, the drive
section 22 is instructed to read line image data from the
1st line and the 3rd line as matching array lines, from the
5th line and the 8th line as lines having an array different
to that of the matching array lines, from the 10th line and
the 12th line as matching array lines, and so on.
[0077] Then at step 102, the image processing section
20 is instructed to execute pixel summing processing that
sums together pixels that are the same color pixel as
each other in line image data of the read matching arrays.
The 1st line and the 3rd line, and the 10th line and the 12th

line, are thereby respectively pixel summed. The image
after pixel summing is sequentially disposed with the line
that is the pixel summed 1st line and 3rd line, the line that
was the 5th line, the line that was the 8th line, the line that
is the pixel summed 10th line and 12th line, and so on.
[0078] This thereby means that, as illustrated in Fig.
8, at least one of each of the colors R, G, and B are
thereby included in each line running along the vertical
direction in the image after pixel summing. Therefore, an

improvement in the image quality of the image after pixel
summing is enabled, compared to cases in which there
are only G image pixels placed in lines running along the
vertical direction, as illustrated in Fig. 6.

Third Exemplary Embodiment

[0079] Explanation next follows regarding a third ex-
emplary embodiment of the present invention. In the
present exemplary embodiment, explanation follows re-
garding a case in which the image pickup device 14 is
driven so as to read line image data at positions in the
vertical direction at positions sandwiched by the match-
ing array lines.
[0080] In the present exemplary embodiment, at step
100 of Fig. 7, the controller 24 instructs the drive section
22 to read line image data of each matching array line in
the basic array pattern P, and to read line image data at
positions in the vertical direction that are at positions
sandwiched by the matching array lines.
[0081] Specifically, as illustrated in Fig. 9, the drive
section 22 is instructed to read line image data of the 1st

line and the 3rd line as matching array lines in the basic
array pattern P, the 2nd line that is sandwiched by the 1st

line and the 3rd line, the 4th line and the 6th line, and the
5th line that is sandwiched by the 4th line and the 6th line.
[0082] Then at step 102, the image processing section
20 is instructed to execute pixel summing processing that
sums together pixels that are the same color pixel as
each other in line image data of read matching arrays.
Pixel summing is thereby respectively performed on the
1st line and the 3rd line, and the 4th line and the 6th line.
The image after pixel summing is thereby sequentially
disposed with, the line that is the pixel summed 1st line
and 3rd line after pixel summing, the line that was the 2nd

line, the line that is the pixel summed 4th line and 6th line,
and the 5th line.
[0083] Therefore, since line image data is respectively
read and pixel summed for matching array lines, and line
image data is read at positions in the vertical direction
that are at positions sandwiched by the matching array
lines, the center of gravity in the vertical direction of the
line image data that is pixel summed, matches the posi-
tion of line image data at the position sandwiched by the
matching array lines. Then, as illustrated in Fig. 8, the
image after pixel summing includes at least one of each
of the colors R, G and B in each line running along the
vertical direction. Therefore, compared to cases in which
only G pixels are disposed in line(s) running along the
vertical direction, as illustrated in Fig. 6, an improvement
in the precision of synchronization processing (mosaic
processing) is enabled, and an improvement in the image
quality is enabled in the image after pixel summing..

Fourth Exemplary Embodiment

[0084] Explanation next follows regarding a second ex-
emplary embodiment of the present invention. Explana-
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tion is given of a modified example of a color filter in the
present exemplary embodiment.
[0085] Fig. 10 illustrates a color filter according to the
present exemplary embodiment. The color filter accord-
ing to the present exemplary embodiment, as illustrated
in Fig. 10, includes a basic array pattern P (the pattern
indicated by the bold frame) formed from a square array
pattern corresponding to 6 3 6 pixels, with the basic array
pattern P disposed so as to repeat in both the horizontal
direction and the vertical direction. Namely, the color filter
array has the respective filters of each color R, G, B (the
R filters, G filters, B filters) arrayed at a specific periodic-
ity.
[0086] Moreover, in the color filter array illustrated in
Fig. 10, the G filter is placed in each line of the color filter
array in both the vertical direction and horizontal direc-
tion.
[0087] Moreover, in the color filter array illustrated in
Fig. 10, one or more respectively of the R filter and the
B filter is placed in the basic array pattern P in each of
the lines of the color filter array in both the vertical direc-
tion and horizontal direction.
[0088] Fig. 11 illustrates a state in which the basic array
pattern P illustrated in Fig. 10 has been divided into 4
sets of 3 3 3 pixels.
[0089] The basic array pattern P illustrated in Fig. 11
may be perceived as an A array of the 3 3 3 pixels sur-
rounded by the solid line frame, and a B array of the 3 3
3 pixels surrounded by the broken line frame, alternately
disposed along the horizontal and vertical directions.
[0090] In the A array, the R filter is placed at the center,
and the B filters are placed at the 4 corners, and G filters
are placed on both sides of the central R filter at the top
and bottom, and left and right. However in the B array,
the B filter is placed at the center, and the R filters are
placed at the 4 corners, and G filters are placed on both
sides of the central B filter at the top and bottom, and left
and right. Namely, the A array and the B array have re-
verse positional relationships for the R filters and the B
filters, but have similar placement otherwise.
[0091] As illustrated in Fig. 12A, the color filter of the
first exemplary embodiment may be perceived as the A
array and the B array, arrayed alternately in the vertical
direction and the horizontal direction.
[0092] As illustrated in Fig. 12A, when a 5 3 5 pixel
local region (a region illustrated by a bold line frame)
centered on an A array is extracted from a mosaic image
output from the image pickup device 14, the 8 individual
G pixels within this local region are placed in a cross
shape, as illustrated in Fig. 12B. The G pixels therein are
denoted, in sequence from left to right, G1, G2, G3, G4,
and in sequence from top to bottom, G5, G6, G7, G8.
Thus the pixels G1, G2, and the pixels G2, G3 are in
adjacent contact with each other in the horizontal direc-
tion, the pixels G5, G6 and the pixels G7, G8 are in ad-
jacent contact with each other in the vertical direction,
the pixels G6, G3 and the pixels G2, G7 are in adjacent
contact with each other in the diagonal direction toward

the top left, and the pixels G6, G2 and the pixels G3, G7
are in adjacent contact with each other in the diagonal
direction toward the top right.
[0093] Thus deriving the difference absolute values of
the pixel values of these adjacent pixels, enables the
direction from out of each of the horizontal, vertical and
diagonal directions (NE, NW) that has the smallest
change in brightness (the correlation direction with the
highest correlation) to be determined by the minimum
pixel separation.
[0094] Namely, the sum of the difference absolute val-
ues in the horizontal direction is |G1 - G2| + |G3 - G4|,
the sum of the difference absolute values in the horizontal
direction is |G5 - G6| + |G7 - G8|, the sum of the difference
absolute values in the diagonal direction towards the top
right is |G6 - G2| + |G3 - G7|, and the sum of the difference
absolute values in the diagonal direction towards the top
left is |G6 - G3| + |G2 G7|.
[0095] The correlation (correlation direction) can then
be determined as the direction with the smallest differ-
ence absolute value out of these four correlation absolute
values. Note that the determined correlation direction can
be employed during the performance of processing such
as synchronization processing.
[0096] The basic array pattern P that configures the
color filter illustrated in Fig. 10 has point symmetry about
the center of the basic array pattern P.
[0097] As illustrated in Fig. 11, the A array and the B
array within the basic array pattern each have point sym-
metry about a central R filter, or G filter, and are top-
bottom and left-right symmetrical (have line symmetry).
[0098] Moreover, the basic array pattern P that config-
ures the color filter illustrated in Fig. 10 includes plural
matching array lines that include at least one of each of
the G filters, the R filters and the B filters. For example,
as illustrated in Fig. 10, the 1st line and the 3rd line, and
the 4th line and the 6th line in the vertical direction are
matching arrays. Consequently, in cases in which
thinned reading is performed, an improvement in the S/N
ratio of the image is enabled by reading line image data
of matching arrays and pixel summing.
[0099] Thus the color filter according to the present
exemplary embodiment has characteristics that are the
same as the features (1), and (3) to (6) of the color filter
according to the first exemplary embodiment.
[0100] Note that the color filter is not limited to those
described in each of the exemplary embodiments, and
the present invention may also be applied to an imaging
apparatus having an image pickup device with the fol-
lowing color filter array.
[0101] For example, as a color filter array having the
above features (1), (2), (3), and (6) there is a color filter
array in which a basic array pattern P is the 5 3 5 pixel
color filter, as illustrated in Fig. 13. This color filter array
is configured by a repeating basic array pattern set with
G placed along the two diagonal directions in the 5 3 5
pixels, and with R, B pixels placed on the remaining pixel
positions such that there is 1 or more of each placed in

15 16 



EP 2 800 375 A1

10

5

10

15

20

25

30

35

40

45

50

55

each of the horizontal direction and vertical direction lines
in the 5 3 5 pixels, set such the number of G is greater
than the number of R and the number of B. As well as
this, there is a color filter array of 7 3 7 pixels of a basic
array pattern P such as that illustrated in Fig. 14 and the
like.
[0102] Since these color filters have the feature (6),
improving the S/N ratio of an image is enabled by reading
line image data of matching arrays and summing pixels
that are the same color pixel as each other.
[0103] Note that in consideration of the ease of image
processing, such as synchronization processing or thin-
ning processing during video image capture, preferably
N, M are each 10 or lower.
[0104] Moreover, although explanation has been given
in the above exemplary embodiment of a case in which
there is a color image pickup device having 3 primary
color filters, RGB, the present invention is not limited
thereto, and application may be made to a color filter
having 4 colors of the three primary colors RGB + one
other color (for example, emerald (E)), such as for ex-
ample the color filter illustrated in Fig. 15. Moreover, the
present invention may be applied to a color filter having
a white or transparent (W) filter as the other color. For
example, a W filter may be placed instead of the emerald
of Fig. 15. In such cases, a combination of W and G, or
W is the first color that contributes most to the brightness
signal.
[0105] Moreover, the present invention may be applied
to a color image pickup device including a color filter with
a complementary color system of 4 colors with, in addition
to G, C (cyan), M (magenta) and Y (yellow), that are the
complementary colors of the primary colors RGB.
[0106] Moreover, in each of the above exemplary em-
bodiments, explanation has been given of cases in which
line image data running along the horizontal direction are
read at a predetermined cycle in the vertical direction,
however the present invention is also applicable to cases
in which the line image data running along the vertical
direction are read at a predetermined cycle in the hori-
zontal direction.
[0107] Moreover, in the present exemplary embodi-
ment, explanation has been given regarding a case in
which line image data of matching array lines in the basic
array pattern P are respectively read from the image pick-
up device 14 and line image data generated, and pixel
summing performed thereon. However, configuration
may be made such that pixel signals of pixels are read
for all lines, and line image data of matching arrays in
the basic array pattern P are selectively used (without
using, or without storing, line image data of other lines),
and these lines then pixel summed. Moreover, configu-
ration may be made such that pixel signals of pixels for
all lines are read and temporarily stored in memory of
RAM or the like, and line image data of matching array
lines in the basic array pattern P used selectively, and
pixel summing performed thereon (in the case of this em-
bodiment, the image capture processing section 16 or

the image processing section 20 corresponds to the line
image data generation means)
[0108] Moreover, in the present exemplary embodi-
ment, explanation has been given regarding a case in
which line image data of matching array lines in the basic
array pattern P are respectively read from the image pick-
up device 14, line image data generated, and pixel sum-
ming performed thereon. However, pixel summing may
be performed in the image pickup device 14. In particular,
a greater reduction in video processing time is enabled
by performing pixel summing (pixel mixing) in the image
pickup device 14 directly after reading (in the case of this
embodiment, the image pickup device 14 and the drive
section 22 correspond to the line image data generation
means and the pixel summing means).
[0109] It goes without saying that the present invention
is not limited by the exemplary embodiments that are
described above, and various other modifications may
be implemented within a range not departing from the
spirit of the present invention.

[Description of Reference Numerals]

[0110]

10 image capture apparatus
12 optical system
14 image pickup device
16 image capture processing section
20 image processing section
22 drive section
24 controller
P basic array pattern

Claims

1. An imaging apparatus comprising:

an image pickup device comprising a plurality
of photoelectric conversion elements arrayed in
a predetermined first direction and a second di-
rection intersecting with the first direction;
a color filter that is provided above a plurality of
pixels configured by the plurality of photoelectric
conversion elements, the color filter having a re-
peatedly disposed basic array pattern of array
lines that each include in the second direction
at least one of each of a first filter corresponding
to a first color that contributes most to obtaining
a brightness signal and of a plurality of second
filters respectively corresponding to 2 or more
second colors other than the first color, and in-
clude a plurality of matching array lines that have
the same array as each other along the second
direction, and at least one array line that has a
different array for the first filter and the second
filters in the second direction to that of the match-
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ing array lines;
a line image data generation means that reads
pixel signals of the plurality of pixels at a set
cycle from the image pickup device, and, from
the read pixel signals, generates, from out of the
plurality of pixels, line image data of each of the
matching array lines in the basic array pattern;
a pixel summing means that sums together pix-
els that are the same color pixel as each other
in the generated line image data for the matching
array lines; and
an image data generation means that generates
image data based on the line image data that
has been pixel summed.

2. The imaging apparatus of claim 1, wherein:

the line image data generation means generates
line image data that has a different array for each
of the first color and each of the 2 or more second
colors to that of the matching array lines such
that there is at least one each of the first color
and each of the 2 or more second colors included
in each line running along the first direction.

3. The imaging apparatus of claim 1 or claim 2, wherein:

the line image data generation means generates
line image data with positions in the first direction
at positions sandwiched by the matching array
lines.

4. The imaging apparatus of any one of claim 1 to claim
3, wherein:

the line image data generation means generates
line image data of the matching array lines hav-
ing the closest position to each other in the first
direction.

5. The imaging apparatus of any one of claim 1 to claim
4, wherein:

the line image data generation means, as the
set cycle for reading pixel signals of the plurality
of pixels from the image pickup device, reads
the pixel signals of the matching array lines in
the basic array pattern out of the plurality of pix-
els and generates line image data.

6. The imaging apparatus of any one of claim 1 to claim
5, wherein:

at least one of the first filters is placed in each
line in the color filter in the first direction, the
second direction, and third directions that inter-
sect with the first direction and the second di-
rection; and

at least one of each of a plurality of the second
filters is placed in each line in the basic array
pattern in the first direction and the second di-
rection.

7. The imaging apparatus of any one of claim 1 to claim
6, wherein:

the color filter includes a square array corre-
sponding to 2 3 2 pixels configured from the first
filter.

8. The imaging apparatus of any one of claim 1 to claim
7, wherein:

the first color is green (G), and the second colors
are red (R) and blue (B).

9. The imaging apparatus of claim 8, wherein:

the color filter includes an R filter, a G filter, and
a B filter corresponding to colors red (R), green
(G) and blue (B); and
the color filter is configured by a first array and
a second array alternately arrayed in the first
direction and the second direction, wherein the
first array corresponds to 3 3 3 pixels with the
G filter placed at the center and the 4 corners,
the B filter placed at the top and bottom of the
central G filter, and the R filter placed at the left
and right of the central G filter, and the second
array corresponds to 3 3 3 pixels with the G filter
placed at the center and the 4 corners, the R
filter placed at the top and bottom of the central
G filter, and the B filter placed at the left and right
of the central G filter.

10. The imaging apparatus of claim 8, wherein:

the color filter includes an R filter, a G filter, and
a B filter corresponding to colors red (R), green
(G) and blue (B); and
the color filter is configured by a first array and
a second array alternately arrayed in the first
direction and the second direction, wherein the
first array corresponds to 3 3 3 pixels with the
R filter placed at the center, the B filter placed
at the 4 corners, and the G filter placed at the
top, bottom, left and right of the central R filter,
and the second array corresponds to 3 3 3 pixels
with the B filter placed at the center, the R filter
placed at the 4 corners, and the G filter placed
at the top, bottom, left and right of the central B
filter.

11. The imaging apparatus of any one of claim 1 to claim
10, wherein:
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the color filter has line point symmetry about the
center of the basic array pattern.

12. A control method for an imaging apparatus equipped
with an image pickup device comprising a plurality
of photoelectric conversion elements arrayed in a
predetermined first direction and a second direction
intersecting with the first direction, and a color filter
that is provided above a plurality of pixels configured
by the plurality of photoelectric conversion elements,
the color filter having a repeatedly disposed basic
array pattern of array lines that each include in the
second direction at least one of each of a first filter
corresponding to a first color that contributes most
to obtaining a brightness signal and of a plurality of
second filters respectively corresponding to 2 or
more second colors other than the first color, and
include a plurality of matching array lines that have
the same array as each other along the second di-
rection, and at least one array line that has a different
array for the first filter and the second filters in the
second direction to that of the matching array lines,
the control method for an imaging apparatus com-
prising:

a line image data generation means that reads
pixel signals of the plurality of pixels at a set
cycle from the image pickup device, and, from
the read pixel signals, generates, from out of the
plurality of pixels, line image data of each of the
matching array lines in the basic array pattern;
a pixel summing means that sums together pix-
els that are the same color pixel as each other
in the generated line image data for the matching
array lines; and
an image data generation means that generates
image data based on the line image data that
has been pixel summed.

13. A control program that causes processing to be ex-
ecuted in a computer that controls an imaging appa-
ratus equipped with an image pickup device com-
prising a plurality of photoelectric conversion ele-
ments arrayed in a predetermined first direction and
a second direction intersecting with the first direction,
and a color filter that is provided above a plurality of
pixels configured by the plurality of photoelectric con-
version elements, the color filter having a repeatedly
disposed basic array pattern of array lines that each
include in the second direction at least one of each
of a first filter corresponding to a first color that con-
tributes most to obtaining a brightness signal and of
a plurality of second filters respectively correspond-
ing to 2 or more second colors other than the first
color, and include a plurality of matching array lines
that have the same array as each other along the
second direction, and at least one array line that has
a different array for the first filter and the second fil-

ters in the second direction to that of the matching
array lines, the control program comprising:

a step of reading pixel signals of the plurality of
pixels at a set cycle from the image pickup de-
vice;
a step of, from the read pixel signals, generating,
from out of the plurality of pixels, line image data
of each of the matching array lines in the basic
array pattern;
a step of summing together pixels that are the
same color pixel as each other in the generated
line image data for the matching array lines; and
a step of generating image data based on the
line image data that has been pixel summed.

14. A control program that causes processing to be ex-
ecuted in a computer, the processing comprising:

a step of generating line image data from pixel
signals of pixel signals in a plurality of pixels read
at a set cycle from an image pickup device com-
prising a plurality of photoelectric conversion el-
ements arrayed in a predetermined first direc-
tion and a second direction intersecting with the
first direction, and a color filter that is provided
above a plurality of pixels configured by the plu-
rality of photoelectric conversion elements, the
color filter having a repeatedly disposed basic
array pattern of array lines that each include in
the second direction at least one of each of a
first filter corresponding to a first color that con-
tributes most to obtaining a brightness signal
and of a plurality of second filters respectively
corresponding to 2 or more second colors other
than the first color, and include a plurality of
matching array lines that have the same array
as each other along the second direction, and
at least one array line that has a different array
for the first filter and the second filters in the sec-
ond direction to that of the matching array lines,
the line image data being generated for the
matching array lines in the basic array pattern
out of the plurality of pixels;
a step of summing together pixels that are the
same color pixel as each other in the generated
line image data for the matching array lines; and
a step of generating image data based on the
line image data that has been pixel summed.
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