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(57) An image-capturing device includes: an image
sensor that includes an image-capturing area where an
image of a subject is captured; a setting unit that sets
image-capturing conditions to be applied to the im-
age-capturing area; a selection unit that selects pixels to
be used for interpolation from pixels present in the im-
age-capturing area; and a generation unit that generates

an image of the subject captured in the image-capturing
area with signals generated through interpolation exe-
cuted by using signals output from the pixels selected by
the selection unit, wherein: the selection unit makes a
change in selection of at least some of the pixels to be
selected depending upon the image-capturing conditions
set by the setting unit.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an image-cap-
turing device and an image processing device.

BACKGROUND ART

[0002] There is an image-capturing device equipped
with an image sensor that allows an image-capturing con-
dition different from the image-capturing condition select-
ed for another area to be set for an area in the imaging
field is known in the related art (see PTL1). However,
there is an issue to be addressed in that image data ob-
tained over areas with different image-capturing condi-
tions applied thereto cannot be handled in a manner sim-
ilar to that with which image data obtained in areas with
matching image-capturing conditions applied thereto are
used.

CITATION LIST

PATENT LITERATURE

[0003] PTL1: Japanese Laid Open Patent Publication
No. 2006-197192

SUMMARY OF INVENTION

[0004] According to the 1st aspect of the present in-
vention, an image-capturing device comprises: an image
sensor that includes an image-capturing area where an
image of a subject is captured; a setting unit that sets
image-capturing conditions to be applied to the image-
capturing area; a selection unit that selects pixels to be
used for interpolation from pixels present in the image-
capturing area; and a generation unit that generates an
image of the subject captured in the image-capturing ar-
ea with signals generated through interpolation executed
by using signals output from the pixels selected by the
selection unit, wherein: the selection unit makes a
change in selection of at least some of the pixels to be
selected depending upon the image-capturing conditions
set by the setting unit.
[0005] According to the 15th aspect of the present in-
vention, an image-capturing device comprises: an image
sensor that includes a first image-capturing area set so
as to capture an image of a subject under first image-
capturing conditions, a second image-capturing area set
so as to capture an image of the subject under second
image-capturing conditions different from the first image-
capturing conditions and a third image-capturing area set
so as to capture an image of the subject under third im-
age-capturing conditions different from the second im-
age-capturing conditions; a selection unit that selects pix-
els, to be used for purposes of interpolation executed for
a pixel present in the first image-capturing area among

pixels present in the second image-capturing area, and
pixels present in the third image-capturing area; and a
generation unit that generates an image of the subject
captured in the first image-capturing area with signals
generated through interpolation executed by using sig-
nals output from the pixels selected by the selection unit.
[0006] According to the 16th aspect of the present in-
vention, an image-capturing device comprises: an image
sensor that includes a first image-capturing area set so
as to capture an image of a subject under first image-
capturing conditions and a second image-capturing area
set so as to capture an image of the subject under second
image-capturing conditions different from the first image-
capturing conditions; a selection unit that selects pixels
to be used for purposes of interpolation executed for a
pixel present in the first image-capturing area among pix-
els present in the first image-capturing area and pixels
present in the second image-capturing area; and a gen-
eration unit that generates an image of the subject cap-
tured in the first image-capturing area with signals gen-
erated through interpolation executed by using signals
output from the pixels selected by the selection unit.
[0007] According to the 17th aspect of the present in-
vention, an image-capturing device comprises: an image
sensor that includes a first image-capturing area where
an image of a subject is captured, a second image-cap-
turing area where an image of the subject is captured
and a third image-capturing area where an image of the
subject is captured; a setting unit that sets first image-
capturing conditions as image-capturing conditions for
the first image-capturing area, sets second image-cap-
turing conditions, different from the first image-capturing
conditions, as image-capturing conditions for the second
image-capturing area and sets third image-capturing
conditions, different from the first image-capturing con-
ditions by an extent smaller than an extent of difference
between the first image-capturing conditions and the sec-
ond image-capturing conditions, as image-capturing
conditions for the third image-capturing area; a selection
unit that selects pixels to be used for purposes of inter-
polation executed for a pixel present in the first image-
capturing area among pixels present in the first image-
capturing area, pixels present in the second image-cap-
turing area and pixels present in the third image-captur-
ing area; and a generation unit that generates an image
of the subject captured in the first image-capturing area
with signals generated through interpolation executed by
using signals output from the pixels selected by the se-
lection unit.
[0008] According to the 18th aspect of the present in-
vention, an image-capturing device comprises: an image
sensor that includes a first image-capturing area where
an image of a subject is captured, a second image-cap-
turing area where an image of the subject is captured
and a third image-capturing area where an image of the
subject is captured, set apart from the first image-cap-
turing area by a distance greater than a distance between
the first image-capturing area and the second image-cap-
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turing area; a setting unit that sets image-capturing con-
ditions different from image-capturing conditions select-
ed for the first image-capturing area, as image-capturing
conditions for the second image-capturing area; a selec-
tion unit that selects pixels to be used for purposes of
interpolation executed for a pixel present in the first im-
age-capturing area among pixels present in the first im-
age-capturing area, pixels present in the second image-
capturing area and pixels present in the third image-cap-
turing area; and a generation unit that generates an im-
age of the subject captured in the first image-capturing
area with signals generated through interpolation exe-
cuted by using signals output from the pixels selected by
the selection unit.
[0009] According to the 19th aspect of the present in-
vention, an image-capturing device comprises: an image
sensor that includes an image-capturing area where an
image of a subject is captured; a setting unit that sets
image-capturing conditions to be applied to the image-
capturing area; and a generation unit that generates an
image of the subject captured in the image-capturing ar-
ea with signals generated through interpolation executed
by using signals output from pixels selected as pixels to
be used for purposes of interpolation and present in the
image-capturing area, wherein: a change is made in se-
lection of at least some of the pixels to be selected de-
pending upon the image-capturing conditions set by the
setting unit.
[0010] According to the 20th aspect of the present in-
vention, an image-capturing device comprises: an image
sensor that includes a first image-capturing area set so
as to capture an image of a subject under first image-
capturing conditions and a second image-capturing area
set so as to capture an image of the subject under second
image-capturing conditions different from the first image-
capturing conditions; and a generation unit that gener-
ates an image of the subject captured in the first image-
capturing area with signals generated through interpola-
tion executed by using signals output from pixels, select-
ed as pixels to be used for purposes of interpolation ex-
ecuted for a pixel present in the first image-capturing ar-
ea, among pixels present in the first image-capturing area
and pixels present in the second image-capturing area.
[0011] According to the 21st aspect of the present in-
vention, an image-capturing device comprises: an image
sensor that includes an image-capturing area where an
image of a subject is captured; a setting unit that sets
image-capturing conditions to be applied to the image-
capturing area; and a generation unit that generates an
image of the subject captured in the image-capturing ar-
ea with signals generated through noise reduction exe-
cuted by using signals output from pixels that output noise
reduction signals, selected from pixels present in the im-
age-capturing area, wherein: a change is made in selec-
tion of at least some of the pixels to be selected depend-
ing upon the image-capturing conditions set by the set-
ting unit.
[0012] According to the 22nd aspect of the present in-

vention, an image-capturing device comprises: an image
sensor that includes a first image-capturing area set so
as to capture an image of a subject under first image-
capturing conditions, a second image-capturing area set
so as to capture an image of the subject under second
image-capturing conditions different from the first image-
capturing conditions and a third image-capturing area set
so as to capture an image of the subject under third im-
age-capturing conditions different from the second im-
age-capturing conditions; a selection unit that selects pix-
els to be used to reduce noise for a pixel present in the
first image-capturing area among pixels present in the
second image-capturing area and pixels present in the
third image-capturing area; and a generation unit that
generates an image of the subject captured in the first
image-capturing area with signals having undergone
noise reduction executed by using signals output from
the pixels selected from the pixels present in the second
image-capturing area and the pixels present in the third
image-capturing area, as pixels to output signals to be
used to reduce noise in a signal at a pixel present in the
first image-capturing area.
[0013] According to the 23rd aspect of the present in-
vention, an image-capturing device comprises: an image
sensor that includes a first image-capturing area set so
as to capture an image of a subject under first image-
capturing conditions and a second image-capturing area
set so as to capture an image of the subject under second
image-capturing conditions different from the first image-
capturing conditions; and a generation unit that gener-
ates an image of the subject captured in the first image-
capturing area with signals generated through interpola-
tion executed by using signals output from pixels selected
from pixels present in the first image-capturing area and
pixels present in the second image-capturing area, as
pixels to output signals to be used to reduce noise for a
pixel present in the first image-capturing area.
[0014] According to the 24th aspect of the present in-
vention, an image-capturing device comprises: an image
sensor that includes an image-capturing area where an
image of a subject is captured; a setting unit that sets
image-capturing conditions to be applied to the image-
capturing area; and a generation unit that generates an
image of the subject captured in the image-capturing ar-
ea with signals having undergone image processing ex-
ecuted by using signals output from pixels selected as
pixels to be used in image processing, wherein: a change
is made in selection of at least some of the pixels to be
selected depending upon the image-capturing conditions
set by the setting unit.
[0015] According to the 25th aspect of the present in-
vention, an image processing device comprises: a selec-
tion unit that selects signals to be used for purposes of
interpolation, among signals output from pixels present
in an image-capturing area of an image sensor; and a
generation unit that generates an image of a subject cap-
tured in the image-capturing area with signals generated
through interpolation executed by using the signals se-
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lected by the selection unit, wherein: the selection unit
makes a change in selection of at least some of the pixels
to be selected depending upon the image-capturing con-
ditions set for the image-capturing area.
[0016] According to the 26th aspect of the present in-
vention, an image processing device comprises: a selec-
tion unit that selects signals to be used for noise reduc-
tion, among signals output among pixels present in an
image-capturing area of an image sensor; and a gener-
ation unit that generates an image of a subject captured
in the image-capturing area with signals having under-
gone noise reduction executed by using the signals se-
lected by the selection unit, wherein: the selection unit
makes a change in selection of at least some of the pixels
to be selected depending upon the image-capturing con-
ditions set for the image-capturing area.
[0017] According to the 27th aspect of the present in-
vention, an image processing device comprises: a selec-
tion unit that selects signals to be used for purposes of
interpolation, among signals output from pixels present
in an image-capturing area of an image sensor; and a
display unit that brings up on display an image of a subject
captured in the image-capturing area, generated with sig-
nals generated through interpolation executed by using
the signals selected by the selection unit, wherein: the
selection unit makes a change in selection of at least
some of the pixels to be selected depending upon the
image-capturing conditions set for the image-capturing
area.
[0018] According to the 28th aspect of the present in-
vention, an image processing device comprises: a selec-
tion unit that selects signals to be used for noise reduc-
tion, among signals output from pixels present in an im-
age-capturing area of an image sensor; and a display
unit that brings up on display an image of a subject cap-
tured in the image-capturing area, generated with signals
having undergone noise reduction executed by using the
signals selected by the selection unit, wherein: the se-
lection unit makes a change in selection of at least some
of the pixels to be selected depending upon the image-
capturing conditions set for the image-capturing area.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

[Fig. 1] A block diagram presenting an example of a
structure that may be adopted in the camera
achieved in a first embodiment
[Fig. 2] A sectional view of a stacked image sensor
[Fig. 3] An illustration of the pixel arrangement and
unit areas at the image-capturing chip
[Fig. 4] An illustration of the circuits in a unit area
[Fig. 5] A schematic illustration of an image of a sub-
ject formed at the image sensor in the camera
[Fig. 6] An example of an image-capturing condition
setting screen
[Fig. 7] An example of an area around the boundary

of a first area in a live view image illustrated in Fig.
7(a), an enlarged view of the area around the bound-
ary presented in Fig. 7(b), an enlarged view of a tar-
get pixel and reference pixels presented in Fig. 7(c),
and an enlarged view of a target pixel and reference
pixels designated in a second embodiment present-
ed in Fig. 7(d)
[Fig. 8] An example of an arrangement of photoelec-
tric conversion signals output from pixels illustrated
in Fig. 8(a), a diagram illustrating how G-color com-
ponent image data are generated through interpola-
tion presented in Fig. 8(b), and an example of G-
color component image data resulting from the in-
terpolation illustrated in Fig. 8(c)
[Fig. 9] A diagram showing only the R-color compo-
nent image data in Fig. 8(a), presented in Fig. 9(a),
an illustration of interpolation for the chrominance
component Cr presented in Fig. 9(b), and a diagram
illustrating how image data for the chrominance com-
ponent Cr are generated through interpolation pre-
sented in Fig. 9(c)
[Fig. 10] A diagram showing only the B-color com-
ponent image data in Fig. 8(a), presented in Fig.
10(a), an illustration of interpolation for the chromi-
nance component Cb presented in Fig. 10(b), and a
diagram illustrating how image data for the chromi-
nance component Cb are generated through inter-
polation presented in Fig. 10(c)
[Fig. 11] A diagram presenting examples of positions
at which focus detection pixels may be disposed at
the image-capturing surface
[Fig. 12] An enlarged view of an area of a focus de-
tection pixel line
[Fig. 13] An enlarged view of the focus detection po-
sition
[Fig. 14] An example of a template image represent-
ing a detection target object illustrated in Fig. 14(a),
and an example of a live view image and the corre-
sponding search range presented in Fig. 14(b)
[Fig. 15] A flowchart of the image-capturing process-
ing executed by setting different image-capturing
conditions for different areas
[Fig. 16] Examples of positions that may be taken
for a first area and a second area at the image-cap-
turing surface of the image sensor, presented in Fig.
16(a) through Fig. 16(c)
[Fig. 17] A block diagram presenting an example of
a structure that may be adopted in the image-cap-
turing system achieved in Variation 8
[Fig. 18] An illustration showing how a program is
provided a mobile device
[Fig. 19] A block diagram presenting an example of
a structure that may be adopted in the camera
achieved in a third embodiment
[Fig. 20] A schematic diagram indicating the corre-
spondence between the individual blocks and a plu-
rality of selection units
[Fig. 21] A sectional view of a stacked image sensor
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[Fig. 22] A schematic illustration showing how the
first image data and the second image data are proc-
essed in relation to image processing
[Fig. 23] A schematic illustration showing how the
first image data and the second image data are proc-
essed in relation to focus detection processing
[Fig. 24] A schematic illustration showing how the
first image data and the second image data are proc-
essed in relation to subject detection processing
[Fig. 25] A schematic illustration showing how the
first image data and the second image data are proc-
essed when the image-capturing conditions are set
through, for instance, exposure calculation process-
ing
[Fig. 26] A schematic illustration showing how the
first image data and the second image data are proc-
essed in Variation 10
[Fig. 27] A schematic illustration showing how the
first image data and the second image data are proc-
essed in Variation 10
[Fig. 28] A schematic illustration showing how the
first image data and the second image data are proc-
essed in Variation 10
[Fig. 29] A schematic illustration showing how the
first image data and the second image data are proc-
essed in Variation 10

DESCRIPTION OF EMBODIMENTS

[0020] The image processing device achieved in an
embodiment may be installed in an electronic device
such as a digital camera, as described below. A camera
1 (see Fig. 1) is configured so as to enable image-cap-
turing operation to be executed under different conditions
set for different areas of the image-capturing surface at
an image sensor 32a. An image processing unit 33 ex-
ecutes processing optimal for each of the areas for which
different image-capturing conditions have been selected.
Such a camera 1 will be described in detail in reference
to drawings.

<Description of the Camera>

(First Embodiment)

[0021] Fig. 1 is a block diagram presenting an example
of a structure that may be adopted in the camera 1
achieved in the first embodiment. The camera 1 in Fig.
1 comprises an image-capturing optical system 31, an
image-capturing unit 32, the image processing unit 33,
a control unit 34, a display unit 35, an operation member
36 and a recording unit 37.
[0022] The image-capturing optical system 31 guides
a light flux departing a subject field to the image-capturing
unit 32. At the image-capturing unit 32, which includes
the image sensor 32a and a drive unit 32b, an image of
the subject, formed via the image-capturing optical sys-
tem 31, undergoes photoelectric conversion. The image-

capturing unit 32 is capable of capturing an image under
uniform conditions set for the entire range of the image-
capturing surface at the image sensor 32a or capturing
an image under different conditions for different areas of
the image-capturing surface at the image sensor 32a.
The image-capturing unit 32 will be described in detail
later. The drive unit 32b generates a drive signal needed
to enable accumulation control at the image sensor 32a.
An image-capturing instruction indicating an electric
charge accumulation time and the like for the image-cap-
turing unit 32 is transmitted from the control unit 34 to
the drive unit 32b.
[0023] The image processing unit 33 includes an input
unit 33a, a selection unit 33b and a generation unit 33c.
Image data obtained by the image-capturing unit 32 are
input to the input unit 33 a. The selection unit 33b exe-
cutes preliminary processing on the image data input as
described above. The preliminary processing will be de-
scribed in detail later. The generation unit 33c generates
an image based upon the input image data mentioned
above and image data resulting from the preliminary
processing. In addition, the generation unit 33c executes
image processing on the image data. This image
processing includes, for instance, color interpolation
processing, defective pixel correction processing, edge
enhancement processing, noise reduction processing,
white balance adjustment processing, gamma correction
processing, display luminance adjustment processing
and saturation adjustment processing. In addition, the
generation unit 33c generates an image to be brought
up on display at the display unit 35.
[0024] The control unit 34, which may be constituted
with, for instance, a CPU, controls the overall operation
in the camera 1. For instance, the control unit 34 executes
a predetermined exposure calculation based upon pho-
toelectric conversion signals obtained via the image-cap-
turing unit 32, determines exposure conditions such as
the electric charge accumulation time (exposure time),
the aperture value to be set for the image-capturing op-
tical system 31 and the ISO sensitivity, which must be
set for the image sensor 32a to achieve the optimal ex-
posure, and issues an instruction for the drive unit 32b
accordingly. In addition, it determines image processing
conditions under which the saturation (chroma), the con-
trast, the sharpness and the like are to be adjusted, in
correspondence to the image-capturing scene mode cur-
rently set in the camera 1 and the types of subject ele-
ments having been detected. It then issues an instruction
to the image processing unit 33 accordingly. Detection
of subject elements will be explained later.
[0025] The control unit 34 includes an object detection
unit 34a, a setting unit 34b, an image-capturing control
unit 34c and an AF operation unit 34d. While these units
are achieved in software with the control unit 34 executing
a program installed in a nonvolatile memory (not shown),
they may instead be configured with an ASIC or the like
instead.
[0026] The object detection unit 34a executes object
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recognition processing of the known art so as to detect
subject elements, such as a person (a person’s face), an
animal such as a dog or a cat (an animal face), a plant,
a vehicle such as a bicycle, an automobile or a train, a
building, a still object, a landscape such as mountains or
clouds, and a determined specific object, in an image
obtained via the image-capturing unit 32. The setting unit
34b divides the imaging field at the image-capturing unit
32 into a plurality of areas that contain subject elements
detected as described above.
[0027] The setting unit 34b also sets image-capturing
conditions for the plurality of areas. The image-capturing
conditions include the exposure conditions (the electric
charge accumulation time, the gain, the ISO sensitivity,
the frame rate and the like) explained earlier and the im-
age processing conditions (e.g., a white balance adjust-
ment parameter, a gamma correction curve, a display
brightness adjustment parameter, a saturation adjust-
ment parameter and the like). It is to be noted that uniform
image-capturing conditions may be set for all of the plu-
rality of areas or different image-capturing conditions
may be set for different areas among the plurality of ar-
eas.
[0028] The image-capturing control unit 34c controls
the image-capturing unit 32 (image sensor 32a) and the
image processing unit 33 by adopting the image-captur-
ing conditions set by the setting unit 34b for the individual
areas. Thus, the image-capturing unit 32 can be engaged
in image-capturing operation under different exposure
conditions set for different areas among the plurality of
areas and the image processing unit 33 can be engaged
in image processing under different image processing
conditions set for different areas among the plurality of
areas. There are no restrictions imposed with regard to
the number of pixels making up an area. For instance,
each area may be made up with 1000 pixels or a single
pixel. In addition, the number of pixels making up a given
area may be different from the number of pixels making
up another area.
[0029] The AF operation unit 34d controls autofocus
adjustment (autofocus: AF) operation through which fo-
cus is adjusted at a specific position within the imaging
field (hereafter referred to as a focus detection position)
for the subject corresponding to the specific position.
Based upon arithmetic operation results, the AF opera-
tion unit 34d transmits a drive signal based upon which
a focus lens in the image-capturing optical system 31 is
to be driven to an in-focus position, to the drive unit 32b.
The processing executed by the AF operation unit 34d
for autofocus adjustment is also referred to as focus de-
tection processing. The focus detection processing will
be described in detail later.
[0030] An image generated via the image processing
unit 33, an image resulting from the image processing
executed at the image processing unit 33, an image read
out from the recording unit 37, or the like is reproduced
and brought up on display at the display unit 35. At the
display unit 35, an operation menu screen, a setting

screen in which image-capturing conditions are set, and
the like are also brought up on display.
[0031] The operation member 36 is configured with
various operation numbers such as a shutter release but-
ton and a menu button. The operation member 36 outputs
an operation signal corresponding to a specific operation
among various operations to the control unit 34. The op-
eration member 36 includes a touch operation member
disposed at the display surface of the display unit 35.
[0032] In response to an instruction issued by the con-
trol unit 34, the recording unit 37 records image data and
the like into a recording medium constituted with, for in-
stance, a memory card (not shown). The recording unit
37 also reads out image data recorded in the recording
medium in response to an instruction issued by the con-
trol unit 34.

<Description of a Stacked Image Sensor>

[0033] A stacked image sensor 100 representing an
example of the image sensor 32a described above will
be explained next. Fig. 2 is a sectional view of the image
sensor 100. The image sensor 100 includes an image-
capturing chip 111, a signal processing chip 112 and a
memory chip 113. The image-capturing chip 111 is
stacked on the signal processing chip 112. The signal
processing chip 112 is stacked on the memory chip 113.
Electrical connections are achieved via connecting por-
tions 109 for the image-capturing chip 111 and the signal
processing chip 112 and also for the signal processing
chip 112 and the memory chip 113. The connecting por-
tions 109 may be, for instance, bumps or electrodes. The
image-capturing chip 111 captures an image formed with
light departing a subject and generates image data. The
image-capturing chip 111 outputs the image data to the
signal processing chip 112. At the signal processing chip
112, signal processing is executed on the image data
output from the image-capturing chip 111. In the memory
chip 113, which includes a plurality of memories, the im-
age data are stored. It is to be noted that the image sensor
100 may be configured with an image-capturing chip and
a signal processing chip only. In the image sensor 100
configured with an image-capturing chip and a signal
processing chip, a storage unit where image data are
stored may be included in the signal processing chip, or
a separate storage unit independent of the image sensor
100 may be used for data storage.
[0034] As shown in Fig. 2, incident light enters the im-
age sensor primarily toward a Z axis + side indicated by
the unfilled arrow. In addition, the direction running to the
left on the drawing sheet and perpendicular to the Z axis
will be referred to as an X axis + direction and a direction
running toward the viewer of the drawing away from the
drawing sheet, perpendicular to the Z axis and the X axis,
will be referred to as a Y axis + direction with regard to
the coordinate axes. In some of the drawings to be re-
ferred to in the subsequent description, coordinate axes
will be presented so as to indicate the orientations of the
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individual drawings in reference to the coordinate axes
in Fig. 2.
[0035] The image-capturing chip 111 may be, for in-
stance, a CMOS image sensor. More specifically, the
image-capturing chip 111 is a backside illumination
CMOS image sensor. The image-capturing chip 111 in-
cludes a microlens layer 101, a color filter layer 102, a
passivation layer 103, a semiconductor layer 106 and a
wiring layer 108. At the image-capturing chip 111, the
microlens layer 101, the color filter layer 102, the passi-
vation layer 103, the semiconductor layer 106 and the
wiring layer 108 are disposed in this order advancing
along the Z axis + direction.
[0036] The microlens layer 101 includes a plurality of
microlenses L. Via each microlens L, light having entered
therein is condensed onto a photoelectric conversion unit
104 to be described later. The color filter layer 102 in-
cludes a plurality of color filters F. The color filters F in
the color filter layer 102 are a plurality of different types
of color filters with varying spectral characteristics. In
more specific terms, first filters (R) having spectral char-
acteristics whereby red-color component light is primarily
transmitted through, second filters (Gb, Gr) having spec-
tral characteristics whereby green-color component light
is primarily transmitted through and third filters (B) having
spectral characteristics whereby blue-color component
light is primarily transmitted through are formed in the
color filter layer 102. In the color filter layer 102, the first
filters, the second filters and the third filters are disposed
in, for instance, a Bayer array. The passivation layer 103,
constituted with a nitride film or an oxide film, protects
the semiconductor layer 106.
[0037] The semiconductor layer 106 includes photoe-
lectric conversion units 104 and read-out circuits 105.
The semiconductor layer 106 includes a plurality of pho-
toelectric conversion units 104 present between a first
surface 106a, which is a light-entry surface and a second
surface 106b located on the opposite side from the first
surface 106a. The plurality of photoelectric conversion
units 104 are arrayed along the X axis and along the Y
axis in the semiconductor layer 106. The photoelectric
conversion units 104 have a photoelectric conversion
function through which light is converted to an electric
charge. In addition, electric charges, generated based
upon photoelectric conversion signals, are accumulated
in the photoelectric conversion units 104. The photoelec-
tric conversion units 104 may be, for instance, photodi-
odes. The semiconductor layer 106 includes read-out cir-
cuits 105 located further toward the second surface 106b
relative to the photoelectric conversion units 104. A plu-
rality of read-out circuits 105 are arrayed along the X axis
and Y axis in the semiconductor layer 106. The read-out
circuits 105, each constituted with a plurality of transis-
tors, read out image data obtained with electric charges
resulting from the photoelectric conversion at the photo-
electric conversion units 104 and outputs the image data
thus read out to the wiring layer 108.
[0038] The wiring layer 108 includes a plurality of metal

layers. The metal layers may be, for instance, Al wirings,
Cu wirings and the like. The image data read out via the
read-out circuits 105 are output to the wiring layer 108.
The image data are then output to the signal processing
chip 112 from the wiring layer 108 via the connecting
portions 109.
[0039] It is to be noted that the connecting portions 109
may each be provided in correspondence to one of the
photoelectric conversion units 104. As an alternative, the
connecting portions 109 may each be provided in corre-
spondence to a plurality of photoelectric conversion units
104. The pitch with which the connecting portions 109
are disposed in correspondence to a plurality of photoe-
lectric conversion units 104 may be greater than the pitch
with which the photoelectric conversion units 104 are dis-
posed. In addition, the connecting portions 109 may be
disposed in an area around the area where the photoe-
lectric conversion units 104 are disposed.
[0040] The signal processing chip 112 includes a plu-
rality of signal processing circuits. The signal processing
circuits are engaged in signal processing executed on
image data output from the image-capturing chip 111.
Such a signal processing circuit may be, for instance, an
amplifier circuit that amplifies the signal value of an image
data signal, a correlated double sampling circuit engaged
in noise reduction processing executed to reduce noise
in the image data and an analog/digital (A/D) conversion
circuit via which analog signals are converted to digital
signals. The signal processing circuits may each be pro-
vided in correspondence to one of the photoelectric con-
version units 104.
[0041] As an alternative, a signal processing circuit
may be provided in correspondence to a plurality of pho-
toelectric conversion units 104. The signal processing
chip 112 includes a plurality of through electrodes
(through vias) 110. The through electrodes (through vias)
110 may be, for instance, silicone through electrodes
(through-silicon vias). The circuits disposed at the signal
processing chip 112 are connected with one another via
the through electrodes (through vias) 110. The through
electrodes (through vias) 110 may also be disposed in a
peripheral area at the image-capturing chip 111 and also
at the memory chip 113. It is to be noted that some of
the elements configuring a signal processing circuit may
be disposed at the image-capturing chip 111. For in-
stance, a comparator that compares an input voltage with
a reference voltage in an analog/digital conversion circuit
may be disposed at the image-capturing chip 111 with
circuits such as a counter circuit and a latch circuit in the
analog/digital conversion circuit disposed at the signal
processing chip 112.
[0042] The memory chip 113 includes a plurality of
storage units. Image data having undergone the signal
processing at the signal processing chip 112 are stored
in the storage units. The storage units may be, for in-
stance, volatile memory circuits such as DRAMs. The
storage units may each be provided in correspondence
to one of the photoelectric conversion units 104. Alter-
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natively, the storage units may each be provided in cor-
respondence to a plurality of photoelectric conversion
units 104. The image data stored in the storage units are
output to an image processing unit located at a subse-
quent stage.
[0043] Fig. 3 illustrates the pixel array arrangement
and unit areas 131 at the image-capturing chip 111. More
specifically, it shows the image-capturing chip 111
viewed from the back-side (image-capturing surface
side). At least 20 million pixels, for instance, are arrayed
in a matrix pattern in a pixel area. In the example pre-
sented in Fig. 3, each unit area 131 is formed with 2 pixels
x 2 pixels = 4 pixels disposed adjacent to each other. The
grid lines in the figure indicate a concept based upon
which adjacent pixels are grouped together to form a unit
area 131. The number of pixels to form a unit area 131
is not limited to this example and a unit area 131 may
instead be formed with approximately 1000 pixels, e.g.,
32 pixels x 32 pixels, with more or fewer than 32 x 32
pixels, or even with a single pixel.
[0044] As the partial enlargement of the pixel area in-
dicates, the unit area 131 in Fig. 3 includes four pixels,
i.e., green pixels Gb and Gr, a blue pixel B and a red
pixel R, disposed therein in an arrangement pattern com-
monly referred to as a Bayer array pattern. The green
pixels Gb and Gr each include a green color filter F, and
thus receive light in the green color wavelength range in
the incident light. Likewise, the blue-color pixel B includes
a blue color filter F and receives light in the blue color
wavelength range, whereas the red-color pixel R includes
a red color filter F and receives light in the red color wave-
length range.
[0045] In the embodiment, a plurality of blocks are de-
fined so that each block contains at least one unit area
131. Namely, the minimum unit for constituting a block
is a single unit area 131. As explained earlier, the smallest
number of pixels to form a unit area 131, among the val-
ues that may be taken for the number of pixels, is one.
Accordingly, if a block is to be defined in units of pixels,
the value representing the smallest number of pixels,
among values that may be taken for the number of pixels
to define a single block, will be one. The pixels included
in the individual blocks can be controlled by using control
parameter values different from one another. All the unit
areas 131 in a given block, i.e., all the pixels present
within the particular block, are controlled under uniform
image-capturing conditions. In other words, photoelectric
conversion signals generated under different image-cap-
turing conditions can be obtained from a pixel group in a
given block and from a pixel group included in another
block. Examples of such control parameters include the
frame rate, the gain, the culling (subsampling) rate, the
number of addition-undergoing rows or columns over
which photoelectric conversion signals are to be added
together, the duration or the number of times over which
electric charges are to be accumulated and the number
of bits (word length) for digitization. The image sensor
100 allows data to be culled along the direction in which

columns extend (along the Y axis at the image-capturing
chip 111) as well as along the direction in which the rows
extend (along the X axis at the image-capturing chip 111).
In addition, image processing parameters may be used
as control parameters.
[0046] Fig. 4 illustrates circuits present in a unit area
131. In the example presented in Fig. 4, a single unit area
131 is formed with 2 pixels x 2 pixels = 4 pixels disposed
adjacent to one another. It is to be noted that the number
of pixels included in the unit area 131 is not limited to this
example, as explained earlier. Namely, the unit area 131
may include 1000 pixels or more, or it may be made up
with a single pixel. Reference signs A through D indicate
two-dimensional positions taken within the unit area 131.
[0047] Pixel reset transistors (RST) present in the unit
area 131 adopt a structure that allows them to be turned
on/off independently of one another in correspondence
to the individual pixels. Fig. 4 shows a reset wiring 300,
via which the reset transistor for a pixel A is turned on/off,
and a reset wiring 310, via which the reset transistor for
pixel B is turn on/off, provided as a member separate
from the reset wiring 300. Likewise, a reset wiring 320,
via which the reset transistor for a pixel C is turned on/off,
is provided as a member separate from the reset wirings
300 and 310. An exclusive reset wiring 330, via which
the reset transistor is turned on/off is also provided for
the remaining pixel D.
[0048] Pixel transfer transistors (TX) present in the unit
area 131 also adopt a structure that allows them to be
turned on/off independently of one another in corre-
spondence to individual pixels. Fig. 4 shows a transfer
wiring 302 via which the transfer transistor for the pixel
A is turned on/off, a transfer wiring 312 via which the
transfer transistor for the pixel B is turned on/off, and a
transfer wiring 322 via which the transfer transistor for
the pixel C is turned on/off, provided as members inde-
pendent of one another. An exclusive transfer wiring 332,
via which the transfer transistor is turned on/off is also
provided for the remaining pixel D.
[0049] In addition, pixel selection transistors (SEL)
present in the unit area 131 adopt a structure that allow
them to be turned on/off the independently of one another
in correspondence to individual pixels. Fig. 4 shows a
selection wiring 306 via which the selection transistor for
the pixel A is turned on/off, a selection wiring 316 via
which the selection transistor for the pixel B is turned
on/off, and a selection wiring 326 via which the selection
transistor for the pixel C is turned on/off, provided as
members independent of one another. An exclusive se-
lection wiring 336, via which the selection transistor is
turned on/off is also provided for the remaining pixel D.
[0050] It is to be noted that a common power wiring
304 is connected to all the pixels A through D included
in the unit area 131. Likewise, a common output wiring
308 is connected to all the pixels A through D included
in the unit area 131. In addition, while the power wiring
304 is a common wiring connected with a plurality of unit
areas, output wirings 308 are installed each in corre-
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spondence to a specific unit area 131. A load current
source 309 supplies an electric current to the output wir-
ing 308. The load current source 309 may be disposed
on the side where the image-capturing chip 111 is located
or on the side where the signal processing chip 112 is
located.
[0051] By individually turning on/off the reset transis-
tors and the transfer transistors in the unit area 131, the
electric charge accumulation parameters including the
electric charge accumulation start time, the accumulation
end time and the transfer timing can be controlled for
each of the pixels A through D included in the unit area
131. In addition, by individually turning on/off the selec-
tion transistors in the unit area 131 independently of one
another, the photoelectric conversion signals from the
individual pixels A through D can be output via the com-
mon output wiring 308.
[0052] The electric charge accumulation at the pixels
A through D in the unit area 131 may be controlled in an
order regulated in correspondence to rows and columns
through a method known as the rolling shutter method in
the related art. In the rolling shutter method, as columns
are specified after pixels are selected in correspondence
to a specific row, photoelectric conversion signals are
output in the order "ABCD" in the example presented in
Fig. 4.
[0053] By configuring the circuits in correspondence
to unit areas 131 as described above, it is ensured that
the charge accumulation time can be controlled in cor-
respondence to each unit area 131. Namely, the config-
uration makes it possible to individually output photoe-
lectric conversion signals at varying frame rates from one
unit area 131 to another. In addition, by allowing unit ar-
eas 131 in another block to idle while electric charge ac-
cumulation (image-capturing) is underway in unit areas
131 in a block at the image-capturing chip 111, it is pos-
sible to engage only a specific block at the image-cap-
turing chip 111 in image-capturing operation so as to ob-
tain the photoelectric conversion signals output from the
particular block. Furthermore, different blocks (accumu-
lation control target blocks) may be selected for electric
charge accumulation (image-capturing) from one frame
to another, so as to output photoelectric conversion sig-
nals from the different blocks successively engaged in
image-capturing operation at the image-capturing chip
111.
[0054] As explained earlier, the output wirings 308 are
installed each in correspondence to one of the unit areas
131. Since the image sensor 100 is configured by stack-
ing the image-capturing chip 111, the signal processing
chip 112 and the memory chip 113 one on another, wir-
ings can be installed without having to increase the size
of the individual chips along the planar direction by using
the electrical connections between chips, achieved via
the connecting portions 109 for the output wirings 308.

<Block Control at the Image Sensor>

[0055] The structure achieved in the embodiment
makes it possible to set different image capturing condi-
tions for different blocks among the plurality of blocks at
the image sensor 32a. The control unit 34 (image-cap-
turing control unit 34c) engages the image sensor in im-
age-capturing operation under image-capturing condi-
tions set in correspondence to each area among the plu-
rality of areas each made to correspond to one of the
blocks.
[0056] Fig. 5 schematically illustrates an image of a
subject formed at the image sensor 32a in the camera
1. Before an image-capturing instruction is issued, the
camera 1 obtains a live view image through photoelectric
conversion of the subject image. The term "live view im-
age" is used to refer to a monitor image repeatedly cap-
tured at a predetermined frame rate (e.g., 60 fps).
[0057] Before the imaging field is divided into separate
areas by the setting unit 34b, the control unit 34 sets
uniform image-capturing conditions for the entire range
(i.e., the entire imaging field) of the image-capturing chip
111. When uniform image-capturing conditions are se-
lected, common image-capturing conditions are set for
the entire imaging field. However, even if there is variance
in, for instance, the apex value of less than approximately
0.3 (stop), the image-capturing conditions are regarded
to be uniform. The image-capturing conditions to be set
uniformly for the entire range of the image-capturing chip
111 are determined based upon exposure conditions cor-
responding to the measured value representing the sub-
ject luminance or exposure conditions manually set by
the user.
[0058] Fig. 5 shows an image that includes a person
61a, an automobile 62a, a purse 63a, mountains 64a and
clouds 65a, and 66a, formed at the image-capturing sur-
face of the image-capturing chip 111. The person 61a is
holding the purse 63a with both hands. The automobile
62a is parked behind and to the right of the person 61a.

<Areal Division>

[0059] The control unit 34 divides the image plane of
the live view image into a plurality of areas as described
below based upon the live view image. First, the object
detection unit 34a detects subject elements in the live
view image. Subject element detection is executed by
adopting a subject recognition technology of the known
art. The object detection unit 34a detects the person 61a,
the automobile 62a, the purse 63a, the mountains 64a,
the cloud 65a, and the cloud 66a as subject elements in
the example presented in Fig. 5.
[0060] Next, the setting unit 34b divides the live view
image plane into areas that contain the subject elements
listed above. The embodiment will be described by des-
ignating an area containing the person 61a as an area
61, an area containing the automobile 62a as an area
62, an area containing the person 63a as an area 63, an
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area containing the mountains 64a as an area 64, an
area containing the cloud 65a as an area 65 and an area
containing the cloud 66a as an area 66.

<Setting Image Capturing Conditions for Each Block>

[0061] Once the image plane is divided into the plurality
of areas via the setting unit 34b, the control unit 34 brings
up on display at the display unit 35 a setting screen such
as that shown in Fig. 6. Fig. 6 shows a live view image
60a brought up on display, with an image-capturing con-
dition setting screen 70 displayed to the right relative to
the live view image 60a.
[0062] The setting screen 70 includes the frame rate,
the shutter speed (TV) and the gain (ISO), set in this
order starting from the top, representing examples of im-
age-capturing condition settings. The term "frame rate"
is used to refer to the number of live view image frames
obtained per second or the number of video image frames
recorded by the camera 1 per second. The gain indicates
the ISO sensitivity. Image-capturing conditions other
than those in Fig. 6 may be added as needed as image-
capturing condition settings. If all the settings cannot be
fitted within the screen 70, excess settings may be dis-
played as the setting field is scrolled up and down.
[0063] In the embodiment, the control unit 34 desig-
nates an area selected by the user among the different
areas defined by the setting unit 34b, as an image-cap-
turing condition setting (adjustment) target. For instance,
the camera 1 may allow touch-screen operations and in
such a case, the user taps the display position corre-
sponding to a primary photographic subject for which he
wishes to set (adjust) image-capturing conditions on the
display screen at the display unit 35 with the live view
image 60a currently on display. If the user taps, for in-
stance, the display position at which the person 61a is
displayed, the control unit 34 designates the area 61 con-
taining the person 61a in the live view image 60a as an
image-capturing condition setting (adjustment) target ar-
ea and displays the area 61 by highlighting the edges of
the area 61.
[0064] The area 61 displayed with highlighted edges
(bold-line edges, brightened edges, colored edges, dot-
ted line edges, blinking edges or the like) in Fig. 6 is the
image-capturing condition setting (adjustment) target ar-
ea. In the example presented in Fig. 6 the live view image
60a on display includes the area 61 with highlighted edg-
es. In this situation, the area 61 has been designated as
the image-capturing condition setting (adjustment) tar-
get. For instance, the user of the camera 1 that allows
touch-screen operations may tap a shutter speed (TV)
display 71, and in response, the control unit 34 will display
the current shutter speed setting for the highlighted area
(i.e., the area 61) (see reference numeral 68).
[0065] While the following explanation is provided in
relation to the camera 1 by assuming that it allows touch-
screen operations, the present invention may be adopted
in a camera in which image-capturing conditions are set

(adjusted) by operating a button or the like configuring
the operation member 36.
[0066] As the user taps either an UP icon 71a or a
DOWN icon 71b for the shutter speed (TV), the setting
unit 34b raises or lowers the shutter speed relative to the
current setting in the shutter speed display 68 in corre-
spondence to the tap operation, and also transmits an
instruction for the image-capturing unit 32 (see Fig. 1) so
as to adjust the image-capturing condition for the unit
areas 131 (see Fig. 3) at the image sensor 32a corre-
sponding to the highlighted area (the area 61), as indi-
cated by the tap operation. An OK icon 72 is an opera-
tional icon via which a selected image-capturing condi-
tion is confirmed. The setting unit 34b sets (adjusts) the
frame rate and the gain (ISO) in much the same way as
it does the shutter speed (TV).
[0067] It is to be noted that while an explanation has
been given on an example in which the setting unit 34b
sets an image-capturing condition based upon a user
operation, the present invention is not limited to this ex-
ample. Instead of setting the image-capturing conditions
in response to a user operation, the setting unit 34b may
set an image-capturing condition based upon a decision
made by the control unit 34. For instance, white-clipping
(blown-out highlights) or black-clipping (crushed blacks)
may have occurred in an area that includes a subject
element achieving the highest or lowest luminance in the
image and in such a case, the setting unit 34b may select
an image-capturing condition so as to eliminate the white-
clipping or black-clipping based upon a decision made
by the control unit 34.
[0068] The initial image-capturing condition settings
are sustained for areas that are not highlighted (areas
other than the area 61).
[0069] Instead of highlighting the edges of the area
designated as the image-capturing condition setting (ad-
justment) target, the control unit 34 may brighten the en-
tire target area, may display the target area by increasing
the contrast for the entire area or may flash the entire
target area on display. As an alternative, it may frame
the target area. The frame around the target area may
be a double frame or a single frame, and the display
mode for the frame around the target area, such as the
type of line representing the frame, the color, the bright-
ness or the like may be adjusted as needed. In addition,
the control unit 34 may bring up on display a symbol such
as an arrow pointing to the image-capturing condition
setting target area in the vicinity of the target area. The
control unit 34 may darken the areas other than the im-
age-capturing condition setting (adjustment) target area
or may display the areas other than the target area by
lowering the contrast.
[0070] Once the image-capturing conditions for the in-
dividual areas have been set as described above, the
shutter release button (not shown) constituting the oper-
ation member 36 or an image-capturing start instruction
icon (shutter release icon) on display is operated, the
control unit 34 controls the image-capturing unit 32 in
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response, so as to engage it in image-capturing operation
under the image-capturing conditions individually set for
the different areas. The image processing unit 33 then
executes the image processing on image data obtained
via the image-capturing unit 32. As explained earlier, the
image processing can be executed under different image
processing conditions set for different areas.
[0071] Once the image processing has been executed
by the image processing unit 33, the recording unit 37,
having received an instruction from the control unit 34,
records the image data having undergone the image
processing into the recording medium constituted with,
for instance, a memory card (not shown). A sequence of
image-capturing processing thus ends.

<Data Selection Processing>

[0072] As described above, once the setting unit 34b
has divided the imaging field into a plurality of areas,
image-capturing conditions can be set (adjusted) for an
area selected by the user or for an area determined by
the control unit 34. If different image-capturing conditions
have been set for individual areas, the control unit 34
initiates the following data selection processing as need-
ed.

1. When Executing Image Processing

[0073] If a specific type of image processing is to be
executed on image data obtained by applying different
image-capturing conditions for different areas, the image
processing unit 33 (selection unit 33b) executes data se-
lection processing as preliminary processing preceding
the image processing on image data located near a
boundary between areas. Through the specific type of
image processing, image data are generated through cal-
culation in correspondence to a processing target posi-
tion set in the image by referencing image data available
at a plurality of reference positions around the target po-
sition, and in more specific terms, such a specific type of
image processing may be, for instance, defective pixel
correction processing, color interpolation processing,
edge enhancement processing or noise reduction
processing.
[0074] The data selection processing is executed so
as to lessen any unnatural appearance that is bound to
occur in the processed image due to the difference in the
image-capturing conditions set for divided areas. The tar-
get position may be located near the boundary between
divided areas, and under such circumstances, image da-
ta obtained by applying image-capturing conditions
matching those corresponding to image data at the target
position and image data obtained by applying image-cap-
turing conditions different from those corresponding to
image data at the target position may both be present at
the plurality of reference positions around the target po-
sition. In the embodiment, based upon the theory that it
is more desirable to generate image data at the target

position through calculation executed by referencing the
image data at reference positions at which image-cap-
turing conditions matching those for the target position
have been applied rather than by referencing the image
data at reference positions at which different image-cap-
turing conditions have been applied, data to be used in
the image processing are selected as described below.
[0075] Fig. 7(a) shows an area 80 near the boundary
between the area 61 and the area 64 in the live view
image 60a. In this example, first image-capturing condi-
tions have been set at least for the area 61 that includes
the person and second image-capturing conditions have
been set for the area 64 that includes the mountains. Fig.
7(b) provides an enlargement of the area 80 near the
boundary in Fig. 7(a). Image data from the pixels on the
image sensor 32a, corresponding to the area 61 for which
the first image-capturing conditions have been set, are
indicated as unshaded squares, whereas image data
from the pixels on the image sensor 32a, corresponding
to the area 64 for which the second image-capturing con-
ditions have been set, are indicated as shaded squares.
In Fig. 7(b), image data from a target pixel P are located
in the area 61, at a boundary area near a boundary 81
between the area 61 and the area 64. Pixels around the
target pixel P, present within a predetermined range 90
centered on the target pixel P (e.g., a 3 x 3 pixel range)
are designated as reference pixels (eight pixels in this
example). Fig. 7(c) provides an enlarged view of the tar-
get pixel P and the reference pixels. The position taken
by the target pixel P is the target position, whereas the
positions taken by the reference pixels surrounding the
target pixel P are reference positions.
[0076] The image processing unit 33 (generation unit
33c) may execute image processing by directly referenc-
ing the image data at the reference pixels without first
executing the data selection processing. However, if the
image-capturing conditions (first image-capturing condi-
tions) applied at the target pixel P are different from the
image-capturing conditions (second image-capturing
conditions) applied at reference pixels around the target
pixel P, the selection unit 33b selects image data ob-
tained under the first image-capturing conditions, among
the sets of image data at the reference pixels, as the
image data to be used in the image processing, as in
(example 1) through (example 3) described below. The
generation unit 33c then executes the image processing
so as to generate image data for the target pixel P through
calculation by referencing the image data at the reference
pixels selected through the data selection processing. In
Fig. 7(c), the data output from the unshaded pixels are
image data obtained under the first image-capturing con-
ditions, whereas the data output from the shaded pixels
are image data obtained under the second image-cap-
turing conditions. In the embodiment, the image data ob-
tained under the second image-capturing conditions are
not selected and thus, the image data output from the
shaded pixels are not used in the image processing.

19 20 



EP 3 358 821 A1

12

5

10

15

20

25

30

35

40

45

50

55

(Example 1)

[0077] If, for instance, the first image-capturing condi-
tions and the second image-capturing conditions are dif-
ferent from each other only in the ISO sensitivity with an
ISO sensitivity setting of 100 selected for the first image-
capturing conditions and an ISO sensitivity setting of 800
selected for the second image-capturing conditions, the
image processing unit 33 (selection unit 33b) selects im-
age data obtained under the first image-capturing con-
ditions, among the sets of image data at the reference
pixels, as the image data to be used in the image process-
ing. In other words, the image data obtained under the
second image-capturing conditions different from the first
image-capturing conditions, among the sets of image da-
ta at the reference pixels, are not used in the image
processing.

(Example 2)

[0078] If the first image-capturing conditions and the
second image-capturing conditions are different from
each other only in the shutter speed with a shutter speed
setting of 1/1000 sec selected for the first image-captur-
ing conditions and a shutter speed setting of 1/100 sec
selected for the second image-capturing conditions, the
image processing unit 33 (selection unit 33b) selects im-
age data obtained under the first image-capturing con-
ditions, among the sets of image data at the reference
pixels, as the image data to be used in the image process-
ing. In other words, the image data obtained under the
second image-capturing conditions different from the first
image-capturing conditions, among the sets of image da-
ta at the reference pixels, are not used in the image
processing.

(Example 3)

[0079] If the first image-capturing conditions and the
second image-capturing conditions are different from
each other only in the frame rate (with uniform electric
charge accumulation time) with a frame rate setting of
30 fps selected for the first image-capturing conditions
and a frame rate setting of 60 fps selected for the second
image-capturing conditions, the image processing unit
33 (selection unit 33b) selects image data obtained under
the second image-capturing conditions (60 fps), among
the sets of image data at the reference pixels, which ex-
press frame images obtained with timing close to the tim-
ing with which frame images have been obtained under
the first image-capturing conditions (30 fps). Namely, im-
age data expressing frame images obtained with timing
significantly different from the timing with which the frame
images have been obtained under the first image-cap-
turing conditions (30 fps) among the sets of image data
at the reference pixels, are not used in the image process-
ing.
[0080] If, on the other hand, the image-capturing con-

ditions applied at the target pixel P and the image-cap-
turing conditions applied at all the reference pixels
around the target pixel P match completely, the image
processing unit 33 (selection unit 33b) selects all the im-
age data. For instance, upon deciding that image-cap-
turing conditions identical to the image-capturing condi-
tions set for the target pixel P have been applied at all
the reference pixels, the image processing unit executes
the image processing so as to generate image data for
the target pixel P through calculation by directly referenc-
ing the image data at all the reference pixels.
[0081] It is to be noted that as has been explained ear-
lier, image-capturing conditions indicating a slight differ-
ence (e.g., apex values different from each other by 0.3
(stop) or less) may be regarded as uniform image-cap-
turing conditions.

<Examples of Image Processing>

[0082] Examples of image processing that may be ex-
ecuted in conjunction with data selection processing will
be explained next.

(1) Defective Pixel Correction Processing

[0083] Defective pixel correction processing is a type
of image processing executed during image-capturing
operation in the embodiment. Generally, a pixel defect
may occur during or following the production process
through which the image sensor 100, which is a solid-
state image sensor, is manufactured, and image data
may be output from a defective pixel at an abnormal level.
Accordingly, the image processing unit 33 (generation
unit 33c) corrects image data output from a defective
pixel so as to render the image data at the pixel position
at which a pixel defect has occurred, less conspicuous.
[0084] An example of defective pixel correction
processing will be described below. The image process-
ing unit 33 (generation unit 33c) designates, for instance,
a pixel in an image corresponding to a single frame, which
takes a defective pixel position recorded in advance in a
nonvolatile memory (not shown), as a target pixel P
(processing target pixel) and also designates pixels
(eight pixels in this example) present around the target
pixel P within a predetermined range 90 (e.g., a 3 x 3
pixel range) centered around the target pixel P (see Fig.
7(c)) as reference pixels.
[0085] The image processing unit 33 (generation unit
33c) calculates a largest value and a smallest value
among the values indicated in the image data obtained
at the reference pixels, and if the image data output from
the target pixel P indicate a value greater than the largest
value or smaller than the smallest value, it executes Max,
Min filter processing so as to replace the image data out-
put from the target pixel P either with the image data
indicating the largest value or the smallest value. This
processing is executed for all the defective pixels, the
position information for which is recorded in the nonvol-
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atile memory.
[0086] The image processing unit 33 (selection unit
33b) in the embodiment selects image data, among the
sets of image data at the reference pixels, obtained under
the first image-capturing conditions, if the reference pix-
els include pixels to which the second image-capturing
conditions, different from the first image-capturing con-
ditions applied at the target pixel P, have been applied.
Then the image processing unit 33 (generation unit 33c)
executes the Max, Min filter processing, as described
above, by referencing the selected image data. It is to be
noted that the defective pixel correction processing may
be executed by averaging the values in the selected im-
age data.

(2) Color Interpolation Processing

[0087] Color interpolation processing is a type of image
processing executed during image-capturing operation
in the embodiment. As shown in Fig. 3, green-color pixels
Gb and Gr, blue-color pixels B and red-color pixels R are
disposed in a Bayer array at the image-capturing chip
111 in the image sensor 100. Since image data with color
components different from the color component corre-
sponding to the color filter disposed at a given pixel po-
sition are missing at the particular pixel position, the im-
age processing unit 33 (generation unit 33c) executes
color interpolation processing so as to generate image
data for the missing color components by referencing
image data at positions taken by surrounding pixels.
[0088] An example of color interpolation processing
will be explained. Fig. 8(a) shows how image data output
from the image sensor 100 may be arranged. In line with
the Bayer array rules, sets of image data corresponding
to the various pixel positions each take a specific color
among R, G and B.

<G Color Interpolation>

[0089] Standard G color interpolation will be described
first. The image processing unit 33 (generation unit 33c)
engaged in G color interpolation sequentially designates
positions each corresponding to the R color component
or the B color component as a target position and gen-
erates G color component image data for the target po-
sition by referencing four sets of G color component im-
age data at reference positions around the target posi-
tion. For instance, when generating G color component
image data for the target position framed with bold lines
in Fig. 8(b), (i.e., a second-row/second-column position,
counting from the upper left corner. In the following de-
scription, the target position will be likewise indicated in
relation to the row and the column it occupies relative to
the upper left corner position), the four sets of G color
component image data G1 through G4 located near the
target position (second row/second column) are refer-
enced. The image processing unit 33 (generation unit
33c) may generate, for instance, G color component im-

age data (aG1 + bG2 + cG3 + dG4)/4 for the target po-
sition (second row/second column). It is to be noted that
a through d are weighting coefficients each selected in
correspondence to the distance between the specific ref-
erence position and the target position and the image
structure.
[0090] Next, the G color interpolation executed in the
embodiment will be explained. In Fig. 8(a) through Fig.
8(c) the first image-capturing conditions are set for the
area located to the left of and above the bold lines and
the second image-capturing conditions are set for the
area located to the right of and below the bold lines. It is
to be noted that the first image-capturing conditions and
the second image-capturing conditions set as shown in
Fig. 8(a) through Fig. 8(c) are different from each other.
In addition, the G color component image data G1
through G4 in Fig. 8(b) are located at positions designat-
ed as reference positions referenced in the image
processing executed for the pixel at the target position
(second row/second column). The first image-capturing
conditions are set for the target position (second row/sec-
ond column) in Fig. 8(b). The image data G1 through G3
located at some of the reference positions have been
obtained under the first image-capturing conditions.
However, the image data G4 located at one of the refer-
ence positions have been obtained under the second im-
age-capturing conditions. Accordingly, the image
processing unit 33 (selection unit 33b) selects the image
data G1 through G3 obtained under the first image-cap-
turing conditions among the G color component image
data G1 through G4. The image processing unit 33 (gen-
eration unit 33c) executes calculation so as to generate
G color component image data for the target position
(second row/second column) by referencing the image
data selected as described above. The image processing
unit 33 (generation unit 33c) may generate, for instance,
G color component image data (a1G1 + b1G2 + c1 G3)/3
for the target position (second row/second column). It is
to be noted that a1 through c1 are weighting coefficients
each selected in correspondence to the distance be-
tween the specific reference position and the target po-
sition and the image structure.
[0091] The image processing unit 33 (generation unit
33c) is able to obtain G color component image data for
each pixel position, as shown in Fig. 8(c) by generating
G color component image data at each position among
the B color component positions and the R color compo-
nent positions in Fig. 8(a).

<R Color Interpolation>

[0092] Fig. 9(a) shows only the R color component im-
age data extracted from the image data in the diagram
in Fig. 8(a). The image processing unit 33 (generation
unit 33c) generates, through calculation, image data rep-
resenting a chrominance component Cr in Fig. 9(b),
based upon the G color component image data shown
in Fig. 8(c) and the R color component image data shown
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in Fig. 9(a).
[0093] Standard chrominance component Cr interpo-
lation will be described first. For instance, when gener-
ating chrominance component image data Cr corre-
sponding to the chrominance component Cr for the target
position (second-row/second-column) indicated for the
target position framed with bold lines in Fig. 9(b), four
sets of chrominance component image data Cr1 through
Cr4 located near the target position (second row/second
column) are referenced. The image processing unit 33
(generation unit 33c) may generate, for instance, chromi-
nance component image data Cr (eCr1 + fCr2 + gCr3 +
hCr4)/4 for the target position (second row/second col-
umn). It is to be noted that e through h are weighting
coefficients each selected in correspondence to the dis-
tance between the specific reference position and the
target position and the image structure.
[0094] Likewise, when generating image data corre-
sponding to the chrominance component Cr for the target
position (second-row/third-column) framed with bold
lines in Fig. 9(c), four sets of chrominance component
image data Cr2 and Cr4 through Cr6 located near the
target position (second row/third column) are referenced.
The image processing unit 33 (generation unit 33c) may
generate, for instance, chrominance component image
data Cr (qCr2 + rCr4 + sCr5 + tCr6)/4 for the target po-
sition (second row/third column). It is to be noted that q
through t are weighting coefficients each selected in cor-
respondence to the distance between the specific refer-
ence position and the target position and the image struc-
ture. Chrominance component image data Cr are gen-
erated for each pixel position through the process de-
scribed above.
[0095] Next, the chrominance component Cr interpo-
lation executed in the embodiment will be explained. In
Fig. 9(a) through Fig. 9(c) the first image-capturing con-
ditions are set for the area located to the left of and above
the bold lines and the second image-capturing conditions
are set for the area located to the right of and below the
bold lines. It is to be noted that the first image-capturing
conditions and the second image-capturing conditions
set as shown in Fig. 9(a) through Fig. 9(c) are different
from each other. The position indicated with the bold-line
frame (second row/second column) in Fig. 9(b) is the
target position for the chrominance component Cr inter-
polation. In addition, the chrominance component image
data Cr1 through Cr4 in Fig. 9(b) are located at positions
designated as reference positions in the image process-
ing executed for the pixel at the target position (second
row/second column). The first image-capturing condi-
tions are set for the target position (second row/second
column) in Fig. 9(b). The image data Cr1, Cr3 and Cr4
located at some of the reference positions have been
obtained under the first image-capturing conditions.
However, the image data Cr2 located at one of the ref-
erence positions have been obtained under the second
image-capturing conditions. Accordingly, the image
processing unit 33 (selection unit 33b) selects the image

data Cr1, Cr3 and Cr4 obtained under the first image-
capturing conditions among the chrominance component
image data Cr1 through Cr4. The image processing unit
33 (generation unit 33c) then executes calculation so as
to generate chrominance component image data Cr for
the target position (second row/second column) by ref-
erencing the image data selected as described above.
The image processing unit 33 (generation unit 33c) may
generate, for instance, chrominance component image
data Cr (e1Cr1 + g1Cr3 + h1Cr4)/3 for the target position
(second row/second column). It is to be noted that e1,
g1 and h1 are weighting coefficients each selected in
correspondence to the distance between the specific ref-
erence position and the target position and the image
structure.
[0096] In addition, the target position for the chromi-
nance component Cr interpolation is the position indicat-
ed with the bold-line frame (second row/third column) in
Fig. 9(c). The chrominance component image data Cr2,
Cr4, Cr5 and Cr6 in Fig. 9(c) are located at positions
designated as reference positions in the image process-
ing executed for the pixel at the target position (second
row/third column). The second image-capturing condi-
tions are set for the target position (second row/third col-
umn) in Fig. 9(c). The image data Cr4 and Cr5 located
at some of the reference positions have been obtained
under the first image-capturing conditions. However, the
image data Cr2 and Cr6 located at the other reference
positions have been obtained under the second image-
capturing conditions. Accordingly, the image processing
unit 33 (selection unit 33b) selects the image data Cr2
and Cr6 obtained under the second image-capturing con-
ditions among the chrominance component image data
Cr2 and Cr4 through Cr6 based upon a principle similar
to that described in reference to Fig. 9(b). The image
processing unit 33 (generation unit 33c) then executes
calculation so as to generate chrominance component
image data Cr for the target position (second row/third
column) by referencing the image data selected as de-
scribed above. The image processing unit 33 (generation
unit 33c) may generate, for instance, chrominance com-
ponent image data (g2Cr2 + h2Cr6)/2 for the target po-
sition (second row/third column). It is to be noted that g2
and h2 are weighting coefficients each selected in cor-
respondence to the distance between the specific refer-
ence position and the target position and the image struc-
ture.
[0097] Once chrominance component image data Cr
have been obtained for each pixel position, the image
processing unit 33 (generation unit 33c) is able to obtain
R color component image data corresponding to each
pixel position by adding each set of G color component
image data in Fig. 8(c) to the chrominance component
image data Cr at the corresponding pixel position.

<B Color Interpolation>

[0098] Fig. 10(a) shows only the B color component
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image data extracted from the image data in the diagram
in Fig. 8(a). The image processing unit 33 (generation
unit 33c) generates, through calculation, image data rep-
resenting a chrominance component Cb in Fig. 10(b),
based upon the G color component image data shown
in Fig. 8(c) and the B color component image data shown
in Fig. 10(a).
[0099] Standard chrominance component Cb interpo-
lation will be described first. For instance, when gener-
ating image data corresponding to the chrominance com-
ponent image data Cb for the target position (third-row/
third-column) framed with bold lines in Fig. 10(b), four
sets of chrominance component image data Cb1 through
Cb4 located near the target position (third row/third col-
umn) are referenced. The image processing unit 33 (gen-
eration unit 33c) may generate, for instance, chromi-
nance component image data Cb (uCbl + vCb2 + wCb3
+ xCb4)/4 for the target position (third row/third column).
It is to be noted that u through x are weighting coefficients
each selected in correspondence to the distance be-
tween the specific reference position and the target po-
sition and the image structure.
[0100] Likewise, when generating chrominance com-
ponent image data Cb for the target position (third-
row/fourth-column) framed with bold lines in Fig. 10(c),
four sets of chrominance component image data Cb2
and Cb4 through Cb6 located near the target position
(third row/fourth column) are referenced. The image
processing unit 33 (generation unit 33c) may generate,
for instance, chrominance component image data Cb
(yCb2 + zCb4 + αCb5 + βCb6)/4 for the target position
(third row/fourth column). It is to be noted that y, z, α and
β are weighting coefficients each selected in correspond-
ence to the distance between the specific reference po-
sition and the target position and the image structure.
Chrominance component image data Cb are generated
for each pixel position through the process described
above.
[0101] Next, the chrominance component Cb interpo-
lation executed in the embodiment will be explained. In
Fig. 10(a) through Fig. 10(c), the first image-capturing
conditions are set for the area located to the left of and
above the bold lines and the second image-capturing
conditions are set for the area located to the right of and
below the bold lines. It is to be noted that the first image-
capturing conditions and the second image-capturing
conditions set as shown in Fig. 10(a) through Fig. 10(c)
are different from each other. The position indicated with
the bold-line frame (third row/third column) in Fig. 10(b)
is the target position for the chrominance component Cb
interpolation. In addition, the chrominance component
image data Cb1 through Cb4 in Fig. 10(b) are located at
positions designated as reference positions in the image
processing executed for the pixel at the target position
(third row/third column). The second image-capturing
conditions are set for the target position (third row/third
column) in Fig. 10(b). The image data Cb1 and Cb3 lo-
cated at some of the reference positions have been ob-

tained under the first image-capturing conditions. How-
ever, the image data Cb2 and Cb4 located at the other
reference positions have been obtained under the sec-
ond image-capturing conditions. Accordingly, the image
processing unit 33 (selection unit 33b) selects the image
data Cb2 and Cb4 obtained under the second image-
capturing conditions among the chrominance component
image data Cb1 through Cb4. The image processing unit
33 (generation unit 33c) then executes calculation so as
to generate chrominance component image data Cb for
the target position (third row/third column) by referencing
the image data selected as described above. The image
processing unit 33 (generation unit 33c) may generate,
for instance, chrominance component image data Cb
(v1Cb2 + x1 Cb4)/2 for the target position (third row/third
column). It is to be noted that v1 and x1 are weighting
coefficients each selected in correspondence to the dis-
tance between the specific reference position and the
target position and the image structure.
[0102] Chrominance component image data Cb are
generated in much the same way for the target position
(third row/fourth column) indicated with the bold-line
frame in Fig. 10(c).
[0103] The target position for the chrominance com-
ponent Cb interpolation is the position indicated with the
bold-line frame (third row/fourth column) in Fig. 10(c). In
addition, the chrominance component image data Cb2
and Cb4 through Cb6 in Fig. 10(c) are located at positions
designated as reference positions in the image process-
ing executed for the pixel at the target position (third
row/fourth column). The second image-capturing condi-
tions are set for the target position (third row/fourth col-
umn) in Fig. 10(c). Furthermore, the image data Cb2 and
Cb4 through Cb6 at all the reference positions have been
generated under the second image-capturing conditions.
Accordingly, the image processing unit 33 (generation
unit 33c) generates chrominance component image data
Cb for the target position (third row/fourth column) by
referencing the four sets of chrominance component im-
age data Cb2 and Cb4 through Cb6 located near the
target position (third row/fourth column).
[0104] Once chrominance component image data Cb
have been obtained for each pixel position, the image
processing unit 33 (generation unit 33c) is able to obtain
B color component image data in correspondence to
each pixel position by adding each set of G color com-
ponent image data in Fig. 8(c) to the chrominance com-
ponent image data Cb at the corresponding pixel posi-
tion.

(3) Edge Enhancement Processing

[0105] An example of edge enhancement processing
will be explained next. The image processing unit 33
(generation unit 33c) executes, for instance, a linear filter
operation of the known art for a single image frame by
using a kernel of a predetermined size centered on a
target pixel P (processing target pixel). Assuming that a
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sharpening filter representing an example of a linear filter
takes a kernel size of N x N pixels, the position taken by
the target pixel P is the target position and the positions
taken by (N2 - 1) reference pixels surrounding the target
pixel P are reference positions.
[0106] It is to be noted that the kernel size may be N
pixels x M pixels instead.
[0107] The image processing unit 33 (generation unit
33c) executes filter processing through which the image
data at the target pixel P are replaced with linear filter
operation results starting, for instance, on the horizontal
line at the top of the frame image and moving toward the
horizontal line at the bottom by shifting the target pixel
from left to right on each horizontal line.
[0108] If the reference pixels described above include
pixels to which second image-capturing conditions dif-
ferent from first image-capturing conditions applied at the
target pixel P are applied, the image processing unit 33
(selection unit 33b) in the embodiment selects image da-
ta obtained under the first image-capturing conditions
among the sets of image data at the reference pixels.
Subsequently, the image processing unit 33 (generation
unit 33c) executes the linear filter processing mentioned
earlier by referencing the selected image data.

(4) Noise Reduction Processing

[0109] An example of noise reduction processing will
be explained next. The image processing unit 33 (gen-
eration unit 33c) may execute, for instance, a linear filter
operation of the known art for, for instance, a single image
frame by using a kernel of a predetermined size centered
on a target pixel P (processing target pixel). Assuming
that a smoothing filter representing an example of a linear
filter takes a kernel size of N x N pixels, the position taken
by the target pixel P is the target position and the positions
taken by (N2 - 1) reference pixels surrounding the target
pixel P are reference positions.
[0110] It is to be noted that the kernel size may be N
x M pixels instead.
[0111] The image processing unit 33 (generation unit
33c) executes filter processing through which the image
data at the target pixel P are replaced with linear filter
operation results starting, for instance, on the horizontal
line at the top of the frame image and moving toward the
horizontal line at the bottom by shifting the target pixel
from left to right on each horizontal line.
[0112] If the reference pixels described above include
pixels to which second image-capturing conditions dif-
ferent from first image-capturing conditions applied at the
target pixel P are applied, the image processing unit 33
(selection unit 33b) in the embodiment selects image da-
ta obtained under the first image-capturing conditions
among the sets of image data at the reference pixels.
Subsequently, the image processing unit 33 (generation
unit 33c) executes the linear filter processing mentioned
earlier by referencing the selected image data.
[0113] As described above, if the reference pixels in-

clude pixels to which the second image-capturing condi-
tions different from the first image-capturing conditions
applied at the target pixel P are applied, the image
processing unit 33 (selection unit 33b) selects image data
obtained under the first image-capturing conditions
among the sets of image data obtained at the reference
pixels. Subsequently, the image processing unit 33 (gen-
eration unit 33c) executes image processing such as de-
fective pixel correction processing, color interpolation
processing, edge enhancement processing or noise re-
duction processing by referencing the selected image
data. The image processing unit 33 (selection unit 33b)
generates an image by executing similar processing for
image data (including image data obtained under the sec-
ond image-capturing conditions) originating from other
pixels, output from the image sensor. The image thus
generated is brought up on display at a display unit such
as a display device.

2. When Executing Focus Detection Processing

[0114] The control unit 34 (AF operation unit 34d) ex-
ecutes focus detection processing by using image data
corresponding to a specific position (focus detection po-
sition) on the imaging field. If different image-capturing
conditions have been set for different areas and the focus
detection position for an AF operation is located at a
boundary between areas, the control unit 34 (AF opera-
tion unit 34d) executes data selection processing on im-
age data obtained for purposes of focus detection, which
are located near the boundary of the areas, as preliminary
processing prior to the focus detection processing.
[0115] The data selection processing is executed in
order to minimize the extent to which the accuracy of the
focus detection processing is lowered due to different
image-capturing conditions set for different areas in the
imaging field divided by the setting unit 34b. For instance,
the image data to be used for focus detection available
at the focus detection position set to detect an image shift
quantity representing the extent of image misalignment
(phase difference) in the image, may be located near a
boundary between areas and in such a case, the focus
detection image data may include image data obtained
under different image-capturing conditions. In the em-
bodiment, data selection processing is executed as de-
scribed below based upon the theory that it is better to
detect an image shift quantity (phase difference) by using
image data obtained under uniform image-capturing con-
ditions rather than to detect an image shift quantity
(phase difference) by using image data obtained under
different image-capturing conditions.

<Example of Focus Detection Processing>

[0116] An example of focus detection processing ex-
ecuted in conjunction with data selection processing will
be described. Through the AF operation executed in the
embodiment, focus is adjusted on a subject correspond-
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ing to, for instance, a focus detection position selected
by the user from a plurality of focus detection positions.
The control unit 34 (AF operation unit 34d) calculates a
defocus quantity representing the extent of defocusing
in the image-capturing optical system 31 by detecting the
image shift quantity (phase difference) representing the
extent of image misalignment among a plurality of subject
images formed with light fluxes having passed through
different pupil areas at the image-capturing optical sys-
tem 31. The control unit 34 (AF operation unit 34d) then
drives the focus lens in the image-capturing optical sys-
tem 31 to a position at which the defocus quantities is
reduced to 0 (equal to or less than an allowable value),
i.e., to the in-focus position.
[0117] Fig. 11 presents an example of positional ar-
rangement with which focus detection pixels may be dis-
posed at the image-capturing surface of the image sen-
sor 32a. In the embodiment, focus detection pixels are
disposed in series at discrete positions along the X axis
(along the horizontal direction) at the image-capturing
chip 111. In the example presented in Fig. 11, 15 focus
detection pixel lines 160 are set over a predetermined
interval. Focus detection pixels making up focus detec-
tion pixel lines 160 each output a photoelectric conver-
sion signal to be used for focus detection. Standard im-
age-capturing pixels are disposed at pixel positions other
than those on the focus detection pixel lines 160 at the
image-capturing chip 111. The image-capturing pixels
output photoelectric conversion signals used to generate
a live view image or an image to be recorded.
[0118] Fig. 12 is an enlarged view of part of the focus
detection pixel line 160 corresponding to a focus detec-
tion position 80A in Fig. 11. Fig. 12 shows red-color pixels
R, green-color pixels G (Gb, Gr) blue-color pixels B, focus
detection pixels S1 and focus detection pixels S2. The
red-color pixels R, the green-color pixels G (Gb, Gr) and
the blue-color pixels B are disposed in conformance to
the Bayer array rules described earlier.
[0119] The square areas representing the red-color
pixels R, the green-color pixels G (Gb, Gr) and the blue-
color pixels B each indicate a light receiving area of an
image-capturing pixel. The individual image-capturing
pixels each receive a light flux having passed through an
exit pupil in the image-capturing optical system 31 (see
Fig. 1). In other words, the red-color pixels R, the green-
color pixels G (Gb, Gr) and the blue-color pixels B each
include a square-shaped mask opening and light having
passed through the mask openings reaches the light re-
ceiving portions at the image-capturing pixels.
[0120] It is to be noted that the shape of the light re-
ceiving areas (mask openings) at the red-color pixels R,
the green-color pixels G (Gb, Gr) and the blue-color pixels
B does not need to be quadrangular and the light receiv-
ing areas may be formed in a round shape.
[0121] The semicircular areas in the focus detection
pixels S1 and the focus detection pixels S2 each indicate
a light receiving area at a focus detection pixel. Namely,
the focus detection pixels S1 each include a semicircular

mask opening located on the left side of the pixel in Fig.
12, and light having passed through the mask openings
reaches the light receiving portions at the focus detection
pixels S1. The focus detection pixels S2, on the other
hand, each include a semicircular mask opening located
on the right side of the pixel in Fig. 12, and light having
passed through the mask openings reaches the light re-
ceiving portions at the focus detection pixels S2. Thus,
a pair of light fluxes passing through different areas of
the exit pupil in the image-capturing optical system 31
(see Fig. 1) are received, one at the focus detection pixels
S1 and the other at the focus detection pixels S2.
[0122] It is to be noted that the positions taken by the
focus detection pixel lines 160 at the image-capturing
chip 111 are not limited to those in the example presented
in Fig. 11. In addition, the number of focus detection pixel
lines 160 is not limited to the example presented in Fig.
11. Furthermore, the mask openings at the focus detec-
tion pixels S1 and the focus detection pixels S2 may as-
sume, for instance, a rectangular shape achieved by
splitting the square light receiving area (mask opening)
at an image-capturing pixel R, an image-capturing pixel
G or an image-capturing pixel B along the lateral direc-
tion, instead of the semicircular shape.
[0123] Moreover, focus detection pixel lines 160 may
each be formed by disposing focus detection pixels one
after another along the Y axis (along the vertical direction)
at the image-capturing chip 111, instead. An image sen-
sor configured with image-capturing pixels and focus de-
tection pixels disposed in a two-dimensional array as
shown in Fig. 12 is of the known art, and detailed illus-
trations and a detailed explanation of these pixels are
not provided.
[0124] It is to be noted that each focus detection pixel
S1 or S2 receives one light flux in the pair of focus de-
tection light fluxes in the example presented in Fig. 12.
As an alternative, both light fluxes in the pair of focus
detection light fluxes may be received at each focus de-
tection pixel. By allowing each focus detection pixel to
receive both light fluxes in the pair of focus detection light
fluxes, the photoelectric conversion signals obtained
from the focus detection pixels can be also used as pho-
toelectric conversion signals to be recorded.
[0125] The control unit 34 (AF operation unit 34d) de-
tects the image shift quantity (phase difference) repre-
senting the extent of image misalignment occurring be-
tween a pair of images formed with the pair of light fluxes
passing through different areas in the image-capturing
optical system 31 (see Fig. 1) based upon focus detection
photoelectric conversion signals (signal data) output
from the focus detection pixels S1 and the focus detection
pixels S2. Then, it executes an arithmetic operation to
calculate a defocus quantity based upon the image shift
quantity (phase difference). Since the arithmetic opera-
tion executed to calculate the defocus quantity through
this split pupil phase method is of the known art in the
field of cameras, a detailed explanation is not provided.
[0126] It is assumed that the focus detection position
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80A (see Fig. 11), located at a position corresponding to
the area 80 near the boundary of the area 61 in the live
view image 60A such as that shown in Fig. 7(a) has been
selected by the user. Fig. 13 presents an enlarged view
of the focus detection position 80A. The first image-cap-
turing conditions have been set for the unshaded pixels,
whereas the second image-capturing conditions have
been set for the shaded pixels. The area enclosed by a
frame 170 in Fig. 13 corresponds to the focus detection
pixel line 160 (see Fig. 11).
[0127] The control unit 34 (AF operation unit 34d) nor-
mally executes focus detection processing by directly us-
ing focus detection signal data output from the focus de-
tection pixels within the frame 170 without executing data
selection processing. However, if the focus detection sig-
nal data from the area enclosed by the frame 170 include
both focus detection signal data obtained under the first
image-capturing conditions and focus detection image
data obtained under the second image-capturing condi-
tions, the control unit 34 (AF operation unit 34d) selects
the focus detection signal data obtained under the first
image-capturing conditions, among the sets of focus de-
tection signal data available in the area enclosed by the
frame 170, as focus detection signal data to be used for
the focus detection processing, as explained in reference
to (example 1) through (example 3) below. The control
unit 34 (AF operation unit 34d) then executes the focus
detection processing by using the focus detection signal
data selected through the data selection processing. In
Fig. 13, the data output from the unshaded pixels are
focus detection signal data obtained under the first im-
age-capturing conditions and the data output from the
shaded pixels are focus detection signal data obtained
under the second image-capturing conditions. In this em-
bodiment, the focus detection signal data obtained under
the second image-capturing conditions are not selected
and thus the focus detection signal data output from the
shaded axles are not used in the focus detection process-
ing.

(Example 1)

[0128] If, for instance, the first image-capturing condi-
tions and the second image-capturing conditions are dif-
ferent from each other only in the ISO sensitivity with an
ISO sensitivity setting of 100 selected for the first image-
capturing conditions and an ISO sensitivity setting of 800
selected for the second image-capturing conditions, the
control unit 34 (AF operation unit 34d) selects focus de-
tection signal data obtained under the first image-captur-
ing conditions, among the sets of image data available
in the area enclosed by the frame 170, as the signal data
to be used in the focus detection processing. In other
words, the focus detection signal data obtained under
the second image-capturing conditions different from the
first image-capturing conditions, among the focus detec-
tion signal available in the area enclosed by the frame
170, are not used in the focus detection processing.

(Example 2)

[0129] If the first image-capturing conditions and the
second image-capturing conditions are different from
each other only in the shutter speed with a shutter speed
setting of 1/1000 sec selected for the first image-captur-
ing conditions and a shutter speed setting of 1/100 sec
selected for the second image-capturing conditions, the
control unit 34 (AF operation unit 34d) selects focus de-
tection signal data obtained under the first image-captur-
ing conditions, among the sets of focus detection signal
data available in the area enclosed with the frame 170,
to be used in the focus detection processing. In other
words, the focus detection signal data obtained under
the second image-capturing conditions different from the
first image-capturing conditions, among the sets of focus
detection signal data available in the area enclosed by
the frame 170, are not used in the focus detection
processing.

(Example 3)

[0130] If the first image-capturing conditions and the
second image-capturing conditions are different from
each other only in the frame rate (with uniform electric
charge accumulation time) with a frame rate setting of
30 fps selected for the first image-capturing conditions
and a frame rate setting of 60 fps selected for the second
image-capturing conditions, the control unit 34 (AF op-
eration unit 34d) selects focus detection signal data ob-
tained under the first image-capturing conditions among
the sets of focus detection signal data available in the
area enclosed by the frame 170. Namely, the focus de-
tection signal data obtained under the second image-
capturing conditions with timing different from the timing
with which the image data have been obtained under the
first image-capturing conditions, among the sets of focus
detection signal data available in the area enclosed by
the frame 170, are not used in the focus detection
processing.
[0131] However, if the focus detection signal data in
the area enclosed by the frame 170 have been obtained
under uniform image-capturing conditions, the control
unit 34 (AF operation unit 34d) does not execute the data
selection processing described above. Namely, the con-
trol unit 34 (AF operation unit 34d) executes focus de-
tection processing by directly utilizing the focus detection
signal data output from the focus detection pixels in the
area enclosed by the frame 170.
[0132] It is to be noted that as has been explained ear-
lier, image-capturing conditions indicating a slight differ-
ence from each other are regarded as uniform image-
capturing conditions.
[0133] In addition, while focus detection signal data ob-
tained under the first image-capturing conditions are se-
lected from the sets of focus detection signal data avail-
able in the area enclosed by the frame 170 in the example
described above, focus detection signal data obtained
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under the second image-capturing conditions among the
sets of focus detection signal data available in the area
enclosed by the frame 170, may be selected instead.
[0134] In the example described above, focus detec-
tion is executed by specifying an area for which the first
image-capturing conditions have been set and accord-
ingly, focus detection photoelectric conversion signals,
generated under the first image-capturing conditions, are
selected for focus detection. A different example in which
a focusing target subject is located astride an area with
the first image-capturing conditions applied thereto and
an area with the second image-capturing conditions ap-
plied thereto will be described below. When the subject,
for which focus is to be adjusted, is located astride an
area with the first image-capturing conditions applied
thereto and an area with the second image-capturing
conditions applied thereto, the control unit 34 (AF oper-
ation unit 34d) selects focus detection photoelectric con-
version signals generated under the first image-capturing
conditions as the signals to be used in the focus detection
processing, among the focus detection photoelectric
conversion signals generated in the area enclosed by
the frame 170. The control unit 34 (AF operation unit 34d)
then calculates a first defocus quantity based upon the
focus detection photoelectric conversion signals thus se-
lected. Next, the control unit 34 (AF operation unit 34d)
selects focus detection photoelectric conversion signals
generated under the second image-capturing conditions
as the signals to be used in the focus detection process-
ing, among the focus detection photoelectric conversion
signals generated in the area enclosed by the frame 170.
The control unit 34 (AF operation unit 34d) then calcu-
lates a second defocus quantity based upon the focus
detection photoelectric conversion signals thus selected.
The control unit 34 (AF operation unit 34d) then executes
focus detection processing by using the first defocus
quantity and the second defocus quantity. In more spe-
cific terms, the control unit 34 (AF operation unit 34d)
may calculate the distance over which the lens needs to
move by calculating the average value of the first defocus
quantity and the second defocus quantity. As an alterna-
tive, the control unit 34 (AF operation unit 34d) may select
one of the values representing the first defocus quantity
and the second defocus quantity that indicates a smaller
lens drive distance. As a further alternative, the control
unit 34 (AF operation unit 34d) may select one of the
values representing the first defocus quantity and the
second defocus quantity that indicates that the subject
is located closer to the camera.
[0135] In addition, when the focusing target subject is
present astride an area with the first image-capturing
conditions applied thereto and an area with the second
image-capturing conditions applied thereto, the control
unit 34 (AF operation unit 34d) may select the focus de-
tection photoelectric conversion signals generated in the
area occupied by the greater part of the subject. For in-
stance, 70% of the facial area, i.e., the focusing target
subject, may be present in the area with the first image-

capturing conditions applied thereto with the remaining
30% of the facial area in the second area, and in such a
case, the control unit 34 (AF operation unit 34d) will select
the focus detection photoelectric conversion signals gen-
erated under the first image-capturing conditions. It is to
be noted that the areal ratios (%) described above simply
represents an example, and the present invention is not
limited to this example.
[0136] While an explanation has been given on an ex-
ample in which the focus detection processing is execut-
ed through the split-pupil phase difference method, the
same principle applies when focus detection processing
is executed through the contrast detection method
whereby the focus lens in the image-capturing optical
system 31 is driven to the in-focus position based upon
variance in the contrast of the subject image.
[0137] The control unit 34 engaged in focus detection
through the contrast detection method executes focus
evaluation value calculation of the known art, based upon
image data output from image-capturing pixels at the im-
age sensor 32a, disposed in the area corresponding to
the focus detection position, at each position taken by
the focus lens in the image-capturing optical system 31
as it drives the focus lens. It then determines the focus
lens position at which the maximum focus evaluation val-
ue is achieved as the in-focus position.
[0138] Under normal circumstances, the control unit
34 executes focus evaluation value calculation by directly
utilizing the image data output from the image-capturing
pixels disposed in the area corresponding to the focus
detection position without executing any data selection
processing. However, if the image data obtained in the
area corresponding to the focus detection position in-
clude both image data obtained under the first image-
capturing conditions and image data obtained under the
second image-capturing conditions, the control unit 34
selects either the image data obtained under the first im-
age-capturing conditions or the image data obtained un-
der the second image-capturing conditions, among the
sets of image data obtained in the area corresponding
to the focus detection position. The control unit 34 then
executes the focus evaluation value calculation by using
the image data selected through the data selection
processing. It is to be noted that when the focusing target
subject is present astride an area with the first image-
capturing conditions applied thereto and an area with the
second image-capturing conditions applied thereto, the
control unit 34 (AF operation unit 34d) may select the
focus detection photoelectric conversion signals gener-
ated in the area occupied by the greater part of the sub-
ject.

3. When Executing Subject Detection Processing

[0139] Fig. 14(a) presents an example of a template
image 180 of a detection target object, whereas Fig. 14(b)
shows a live view image 60(a) and a search range 190
in an example. The control unit 34 (object detection unit
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34a) detects a target object (e.g., the purse 63a, which
is one of the subject elements in Fig. 5) in the live view
image. While the control unit 34 (object detection unit
34a) may set the entire live view image 60a as the target
object detection range, it may set part of the live view
image 60a as a search range 190 so as to lessen the
detection processing load.
[0140] If different image-capturing conditions are set
for different areas to another and a boundary between
areas is present within the search range 190, the control
unit 34 (object detection unit 34a) executes data selection
processing with regard to image data located near the
boundary between the areas as preliminary processing
prior to the subject detection processing.
[0141] The data selection processing is executed in
order to minimize the extent to which the accuracy of the
subject element detection processing is lowered due to
different image-capturing conditions set for different ar-
eas in the imaging field divided by the setting unit 34b.
Generally speaking, when the search range 190 set for
purposes of subject element detection includes a bound-
ary between areas, image data obtained under different
image-capturing conditions may both be present togeth-
er in the image data obtained over the search range 190.
In the embodiment, data selection processing is execut-
ed as described below based upon the theory that it is
better to detect a subject element by using image data
obtained under uniform image-capturing conditions rath-
er than to detect a subject element by using image data
obtained under different image-capturing conditions.
[0142] An explanation will be given on an example in
which the purse 63a, held by the person 61a in the live
view image 60a in Fig. 5 is detected. The control unit 34
(object detection unit 34a) sets the search range 190 in
the vicinity of the area containing the person 61a. It is to
be noted that the area 61 in which the person 61a is
present may be simply set as the search range.
[0143] If the search range 190 is not split over two ar-
eas with different image-capturing conditions applied
thereto, the control unit 34 (object detection unit 34a)
executes subject detection processing by using the im-
age data in the search range 190 without executing data
selection processing. However, if the image data in the
search range 190 include both image data obtained un-
der the first image-capturing conditions and image data
obtained under the second image-capturing conditions,
the control unit 34 (object detection unit 34a) selects the
image data obtained under the first image-capturing con-
ditions, among the sets of image data in the search range
190, as the image data to be used for the subject detec-
tion processing, as in (example 1) through (example 3)
described earlier in reference to the focus detection
processing. The control unit 34 (object detection unit 34a)
then executes subject detection processing for the area
with the first image-capturing conditions applied thereto
by using the image data selected through the data se-
lection processing. The subject detection processing ex-
ecuted in this situation may be, for instance, processing

through which the target object is detected by determin-
ing a similarity factor indicating the degree of similarity
between the template image 180 and the selected image
data corresponding to the first image-capturing condi-
tions (often referred to as template matching). The control
unit 34 (object detection unit 34a) next selects the image
data obtained under the second image-capturing condi-
tions, among the sets of image data in the search range
190, as the image data to be used in the subject detection
processing. The control unit 34 (object detection unit 34a)
executes subject detection processing similar to that de-
scribed above for the area with second image-capturing
conditions applied thereto by using the image data thus
selected through the data selection processing. The con-
trol unit 34 (object detection unit 34a) executes subject
detection within the search range 190 through this proc-
ess. Then, it detects the subject within the search range
190 by combining the subject area detected by using the
image data obtained under the first image-capturing con-
ditions and the subject area detected by using the image
data obtained under the second image-capturing condi-
tions at their boundary. It is to be noted that while the
control unit 34 (object detection unit 34a) uses the image
data obtained under the first image-capturing conditions
and the image data obtained under the second image-
capturing conditions in the example explained above, the
subject may instead be detected by using image data
obtained under either set of image-capturing conditions.
For instance, while the search range 190 includes an
area with the first image-capturing conditions applied
thereto and an area with the second image-capturing
conditions applied thereto, the ratio of the area with the
first image-capturing conditions applied thereto may be
greater, and in such a case, subject detection may be
executed by using the image data obtained under the
first image-capturing conditions alone. The areal ratio
achieved by the area with the first image-capturing con-
ditions applied thereto may be, for instance, 70% or more.
However, the present invention is not limited to this ex-
ample and the areal ratio of the area with the first image-
capturing conditions applied thereto may be 80% or more
or 90% or more. In other words, it will be obvious that the
areal ratio of the area with the first image-capturing con-
ditions applied thereto may be adjusted to an optimal
value.
[0144] The data selection processing with regard to
image data in the search range 190 described above may
be executed for a search range set for detection of a
specific subject such as a person’s face or for an area
set for purposes of image-capturing scene decision-mak-
ing. For instance, the control unit 34 (object detection
unit 34a), engaged in detection of a person’s face within
the search range 190, selects image data obtained under
the first image-capturing conditions, among the sets of
image data in the search range 190, as the image data
to be used for the subject detection processing. The con-
trol unit 34 (object detection unit 34a) then executes face
detection processing of the known art over the area with
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the first image-capturing conditions applied thereto. The
control unit 34 (object detection unit 34a) next selects
image data obtained under the second image-capturing
conditions, among the sets of image data in the search
range 190, as the image data to be used for subject de-
tection processing. The control unit 34 (object detection
unit 34a) executes face detection processing of the
known art in the area with the second image-capturing
conditions applied thereto. The control unit 34 (object
detection unit 34a) then detects a face in the image data
in the search range 190 by combining the face area de-
tected within the area with the first image-capturing con-
ditions applied thereto and the face area detected within
the area with the second image-capturing conditions ap-
plied thereto at their boundary.
[0145] In addition, data selection similar to that exe-
cuted with regard to the image data obtained within the
search range 190 described above may be executed in
conjunction with a search range set for characteristic
quantity detection executed based upon image colors,
edges and the like, instead of in conjunction with a search
range set for pattern matching executed based upon a
template image.
[0146] Furthermore, template matching processing of
the known art may be executed by using image data ob-
tained for a plurality of frames obtained at different time
points so as to track a moving object by searching for an
area in a frame image obtained at a later time point, which
is similar to a tracking target object in a frame image
obtained earlier. In this case, if image data obtained un-
der the first image-capturing conditions and image data
obtained under the second image-capturing conditions
are both present over the search range set in the frame
image obtained at the later time point, the control unit 34
selects the image data obtained under the first image-
capturing conditions, among the sets of image data avail-
able in the search range, as the image data to be used
for tracking processing. The control unit 34 then executes
tracking processing for the area with the first image-cap-
turing conditions applied thereto by using the image data
selected through the data selection processing. Next, the
control unit may select image data obtained under the
second image-capturing conditions, among the sets of
image data available in the search range as image data
to be used in tracking processing in much the same way
as that described above and execute tracking processing
for the area with the second image-capturing conditions
applied thereto by using the image data thus selected
through the data selection processing.
[0147] Furthermore, image data corresponding to a
plurality of frames obtained at different time points may
be used to detect a motion vector through a method of
the known art. If image data obtained under the first im-
age-capturing conditions and image data obtained under
the second image-capturing conditions are both present
within a detection area set for motion vector detection,
the control unit 34 selects the image data obtained under
the first image-capturing conditions among the sets of

image data in the detection range set for motion vector
detection, as the image data to be used for the detection
processing. The control unit 34 then detects a motion
vector over the area with the first image-capturing con-
ditions applied thereto by using the image data selected
through the data selection processing. Subsequently, the
control unit 34 may select the image data obtained under
the second image-capturing conditions, among the sets
of image data available in the search range as the image
data to be used for motion vector detection processing
in much the same way as that described above and ex-
ecute motion vector detection processing for the area
with the second image-capturing conditions applied
thereto by using the image data selected through the
data selection processing. The control unit 34 may de-
termine a motion vector for the entire image based upon
the motion vector detected in the area with the first image-
capturing conditions applied thereto and the motion vec-
tor detected in the area with the second image-capturing
conditions applied thereto, or it may hold the motion vec-
tors detected in the individual areas.

4. When Setting Image-Capturing Conditions

[0148] After dividing the imaging field into a plurality of
areas and setting different image-capturing conditions
for different areas, the control unit 34 (setting unit 34b)
may execute another photometering operation in order
to determine exposure conditions. In such a case, it may
execute data selection processing with regard to image
data located near a boundary of areas as preliminary
processing execute before setting the exposure condi-
tions.
[0149] The data selection processing is executed in
order to minimize the extent to which the accuracy of the
processing through which exposure conditions are de-
termined, is lowered due to different image-capturing
conditions set in different areas in the imaging field di-
vided by the setting unit 34b. For instance, a boundary
between areas may be present within a photometering
range set at a central area of the imaging field and under
such circumstances, image data obtained under different
image-capturing conditions may be included in the image
data within the photometering range. In the embodiment,
data selection processing is executed as described be-
low based upon the theory that it is better to execute
exposure calculation processing by using image data ob-
tained under uniform image-capturing conditions rather
than to execute exposure calculation processing by using
image data obtained under different image-capturing
conditions.
[0150] If the photometering range is not split over a
plurality of areas with different image-capturing condi-
tions applied thereto, the control unit 34 (setting unit 34b)
executes exposure calculation processing by using the
image data in the photometering range without executing
data selection processing. However, if the image data in
the photometering range include both image data ob-
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tained under the first image-capturing conditions and im-
age data obtained under the second image-capturing
conditions, the control unit 34 (setting unit 34b) selects
the image data obtained under the first image-capturing
conditions, among the sets of image data in the photom-
etering range, as the image data to be used for the ex-
posure calculation processing, as in (example 1) through
(example 3) described earlier in reference to the focus
detection processing and the subject detection process-
ing. The control unit 34 (setting unit 34b) then executes
exposure calculation processing in the area with the first
image-capturing conditions applied thereto by using the
image data selected through the data selection process-
ing. The control unit 34 (setting unit 34b) next selects the
image data obtained under the second image-capturing
conditions, among the sets of image data in the photom-
etering range, as the image data to be used for the ex-
posure calculation processing. The control unit 34 (set-
ting unit 34b) executes exposure calculation processing
similar to that described above for the area with second
image-capturing conditions applied thereto by using the
image data thus selected through the data selection
processing. Namely, the control unit 34 (setting unit 34b)
executes data selection processing in order to select data
to be used in photometering the individual areas and ex-
ecutes exposure calculation processing by using the im-
age data selected through the data selection processing
if a plurality of areas with different image-capturing con-
ditions applied thereto are present within the photome-
tering range.
[0151] In addition, if the photometering range is located
astride an area with the first image-capturing conditions
applied thereto and an area with the second image-cap-
turing conditions applied thereto, the control unit 34 (set-
ting unit 34b) may select an area having a greater areal
ratio, as has been explained earlier in reference to the
focus detection and the subject detection.
[0152] Image data may be selected with regard to a
photometering (colorimetry or color-metering) range set
when determining a white balance adjustment value, a
photometering range set when determining whether or
not auxiliary photographing light needs to be emitted from
an auxiliary photographing light source or a photometer-
ing range set when determining the amount of auxiliary
photographing light to be emitted from the light source,
instead of the photometering range set for the exposure
calculation processing described above.
[0153] In addition, photoelectric conversion signals
may be read out at varying resolutions from one area to
another in the imaging field divided into different areas.
In such a case, image data may be selected in a similar
manner with regard to an area used to determine the
image-capturing scene when setting the readout resolu-
tion for each area.

<Flowchart>

[0154] Fig. 15 presents a flowchart of the processing

executed when capturing an image by setting image-cap-
turing conditions for individual areas. As a main switch
of the camera 1 is turned on, the control unit 34 starts a
program that enables the processing shown in Fig. 15.
In step S10, the control unit 34 engages the display unit
35 to bring up a live view display, and then the operation
proceeds to step S20.
[0155] More specifically, the control unit 34 sequential-
ly brings up on display at the display unit 35 images re-
sulting from predetermined types of image processing
executed on image data sequentially output from the im-
age-capturing unit 32, as a live view image. As explained
earlier, uniform image-capturing conditions are set at this
time for the entire range of image-capturing chip 111,
i.e., over the entire image plane.
[0156] It is to be noted that if a setting for executing AF
operation while the live view image display is up is se-
lected, the control unit 34 (AF operation unit 34d) controls
the AF operation through which focus is adjusted on the
subject element corresponding to a specific focus detec-
tion position by executing focus detection processing.
The AF operation unit 34d executes focus detection
processing after executing the data selection processing
described earlier, as needed.
[0157] In addition, if the setting for executing AF oper-
ation is not selected while the live view display is up, the
control unit 34 (AF operation unit 34d) executes AF op-
eration later in response to an AF operation instruction.
[0158] In step S20, the control unit 34 (object detection
unit 34a) detects subject elements in the live view image,
and then the operation proceeds to step S30. The object
detection unit 34a executes the subject detection
processing after first executing the data selection
processing described earlier, as needed. In step S30,
the control unit 34 (setting unit 34b) divides the imaging
field of the live view image into areas containing the sub-
ject elements, before the operation proceeds to step S40.
[0159] In step S40, the control unit 34 displays the ar-
eas at the display unit 35. As in the example presented
in Fig. 6, the control unit 34 displays the areas by high-
lighting the area designated as the image-capturing con-
dition setting (adjustment) target area. In addition, the
control unit 34 brings up on display at the display unit 35
the image-capturing condition setting screen 70, before
the operation proceeds to step S50.
[0160] It is to be noted that if the user taps the display
position at which another primary subject is displayed on
the display screen with his finger, the control unit 34
switches the image-capturing condition setting (adjust-
ment) target area to the area that includes the other pri-
mary subject and highlights the new image-capturing
condition setting (adjustment) target area on display.
[0161] In step S50, the control unit 34 makes a decision
as to whether or not AF operation is necessary. The con-
trol unit 34 makes an affirmative decision in step S50 if,
for instance, the subject has moved and the focusing
condition has changed, if the focus detection position has
been changed in response to a user operation or if an
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instruction for AF operation execution has been issued
through a user operation. Upon making an affirmative
decision in step S50, the control unit 34 proceeds to step
S70. If, on the other hand, the focusing condition has
remained unchanged, the focus detection position has
not been changed in response to a user operation and
an instruction for AF operation execution has not been
issued through a user operation, the control unit 34
makes a negative decision in step S50 and the operation
proceeds to step S60.
[0162] In step S70, the control unit 34 initiates AF op-
eration, before the operation returns to step S40. The AF
operation unit 34d executes focus detection processing
for AF operation after executing the data selection
processing described earlier as needed. Once the oper-
ation has returned to step S40, the control unit 34 repeat-
edly executes processing similar to that described above
based upon the live view image obtained after the AF
operation.
[0163] In step S60, the control unit 34 (setting unit 34b)
sets image-capturing conditions for the highlighted area
on display in response to a user operation and then the
operation proceeds to step S80. It is to be noted that the
display at the display unit 35 changes and image-captur-
ing operations are set in response to a user operation in
step S60, as has been explained earlier. The control unit
34 (setting unit 34b) executes exposure calculation
processing after executing the data selection processing
described earlier, as needed.
[0164] In step S80, the control unit 34 makes a decision
as to whether or not an image-capturing instruction has
been issued. The control unit 34 makes an affirmative
decision in step S80 if a shutter release button (not
shown) constituting part of the operation member 36 has
been operated or a display icon via which an image-cap-
turing instruction is issued, has been operated. Upon
making an affirmative decision in step S80, the control
unit 34 proceeds to step S90. If no image-capturing in-
struction has been issued, the control unit 34 makes a
negative decision in step S80 and the operation returns
to step S60.
[0165] In step S90, the control unit 34 executes specific
image-capturing processing. Namely, the image-captur-
ing control unit 34c controls the image sensor 32a so as
to capture an image under image-capturing conditions
set in correspondence to the individual areas, and then
the operation proceeds to step S100.
[0166] In step S100, the control unit 34 (image-captur-
ing control unit 34c) outputs an instruction to the image
processing unit 33 so as to engage it in predetermined
types of image processing on the image data obtained
through the image-capturing processing, before the op-
eration proceeds to step S110. The image processing
executed in this step includes the defective pixel correc-
tion processing, the color interpolation processing, the
edge enhancement processing and the noise reduction
processing explained earlier.
[0167] It is to be noted that the image processing unit

33 (selection unit 33b) executes the image processing
after executing data selection processing for image data
located near a boundary of areas, as needed.
[0168] In step S110, the control unit 34 outputs an in-
struction to the recording unit 37 so as to record the image
data having undergone the image processing into a re-
cording medium (not shown), and then the operation pro-
ceeds to step S120.
[0169] In step S120, the control unit 34 makes a deci-
sion as to whether or not an end operation has been
performed. If an end operation has been performed, the
control unit 34 makes an affirmative decision in step S120
and ends the processing in Fig. 15. If, on the other hand
no end operation has been performed, the control unit
34 makes a negative decision in step S120 and the op-
eration returns to step S20. Once the operation has re-
turned to step S20, the control unit 34 repeatedly exe-
cutes the processing described above.
[0170] While the image sensor 32a in the example de-
scribed above is a stacked image sensor 100, it is not
necessary for the image sensor to be configured as a
stacked image sensor, as long as it allows different im-
age-capturing conditions to be set from one block to an-
other among a plurality of blocks at the image sensor
(image-capturing chip 111).
[0171] The following advantages and operations are
achieved through the embodiment inscribed above.

(1) The camera 1, equipped with an image process-
ing device, includes an image processing unit 33 (in-
put unit 33 a), to which first image data obtained by
capturing a subject image having entered a first area
at an image-capturing unit 32, under first image-cap-
turing conditions, and second image data obtained
by capturing a subject image having entered a sec-
ond area at the image-capturing unit 32, under sec-
ond image-capturing conditions different from the
first image-capturing conditions, are input, a selec-
tion unit 33b that selects either the first image data
or the second image data input to the input unit 33a,
and an image processing unit (generation unit 33)
that brings up on display at the display unit 35 an
image generated by using the selected image data.
This structure makes it possible to execute the opti-
mal processing individually in areas with different im-
age-capturing conditions applied thereto. In other
words, an image can be generated in an optimal
manner by using the sets of image data obtained in
the individual areas. For instance, the unnatural ap-
pearance that would otherwise occur in an image,
due to different image-capturing conditions being set
for different areas, can be minimized.
(2) The generation unit 33c in the camera 1 gener-
ates an image by using image data available at spe-
cific reference pixels located around each target pix-
el taking a specific position in an image that includes
the first image data and the second image data,
whereas the selection unit 33b selects either the first
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image data or the second image data as the image
data at the reference pixels in correspondence to the
position taken by each target pixel. Through these
measures, optimal processing can be executed in-
dividually for areas with different image-capturing
conditions applied thereto.
(3) The selection unit 33b in the camera 1 selects
either the first image data or the second image data
obtained by capturing an image under image-cap-
turing conditions matching the image-capturing con-
ditions set for the target pixel. Through these meas-
ures, optimal processing can be executed individu-
ally for areas with different image-capturing condi-
tions applied thereto.
(4) The selection unit 33b in the camera 1 also se-
lects image data obtained at another pixel, different
from the reference pixels, under image-capturing
conditions matching those set for the target pixel.
Through these measures, optimal processing can
be executed individually for areas with different im-
age-capturing conditions applied thereto.
(5) If the entire image data are made up exclusively
with first image data, the selection unit 33b in the
camera 1 selects all the image data. If the entire im-
age data are made up exclusively with second image
data, it selects all the image data. If the image data
include both first image data and second image data,
it selects either the first image data or the second
image data. Through these measures, optimal
processing can be executed individually for areas
with different image-capturing conditions applied
thereto.
(6) Since the first image-capturing conditions and
the second image-capturing conditions set at the
camera 1 include at least either the accumulation
time or the ISO sensitivity, optimal processing can
be executed in areas with different electric charge
accumulation time settings or different image-cap-
turing sensitivity settings applied thereto.
(7) The generation unit 33c in the camera 1 gener-
ates third image data through at least defective pixel
correction processing, color interpolation process-
ing, edge enhancement processing or noise reduc-
tion processing. As a result, image data having un-
dergone defective pixel correction processing, color
interpolation processing, edge enhancement
processing or noise reduction processing optimally
executed for areas with different image-capturing
conditions applied thereto, can be generated.

(Second Embodiment)

[0172] In the image data selection processing execut-
ed in conjunction with image processing in the first em-
bodiment, if image-capturing conditions (referred to as
first image-capturing conditions) applied at a target pixel
are different from image-capturing conditions (referred
to as second image-capturing conditions) applied at ref-

erence pixels present around the target pixel P, the image
processing unit 33 (selection unit 33b) selects image data
obtained under the first image-capturing conditions
matching those applied at the target pixel, among the
sets of image data available at pixels located within a
predetermined range 90, and the image processing unit
33 (generation unit 33c) references the selected image
data.
[0173] In the second embodiment, the image process-
ing unit 33 (selection unit 33b) also selects image data
obtained under the first image-capturing conditions
matching those applied at the target pixel, from sets of
image data available at pixels located outside the prede-
termined range 90, as well, so as to allow the image
processing unit 33 (generation unit 33c) to reference a
greater number of sets of data. Namely, the image
processing unit 33 (selection unit 33b) adjusts selection
range and selects image data obtained under the first
image-capturing conditions.
[0174] Fig. 7(d) provides an enlarged view of a target
pixel P and reference pixels designated in the second
embodiment. In Fig. 7(d), the data output from the un-
shaded pixels are image data obtained under the first
image-capturing conditions, whereas the data output
from the shaded pixels are image data obtained under
the second image-capturing conditions within the prede-
termined range 90 centered on the target pixel P. As in
the first embodiment, the image processing unit 33 (se-
lection unit 33b) does not select image data available at
the pixels (shaded pixels) with the second image-captur-
ing conditions applied thereto even though they are lo-
cated within the predetermined range 90.
[0175] The image processing unit 33 (selection unit
33b) in the second embodiment further selects image
data at the unshaded pixels located outside the prede-
termined range 90 with the first image-capturing condi-
tions applied thereto, as well as the image data available
at the unshaded pixels located within the predetermined
range 90 with the first image-capturing conditions applied
thereto, as illustrated in Fig. 7(d). The image processing
unit 33 (generation unit 33c) executes image processing
by referencing the image data thus selected. In the ex-
ample described above, the distances from the position
taken by the target pixel P to the positions at which the
image data have been obtained under the second image-
capturing conditions, located inside the predetermined
range 90, are greater than the distances from the position
of the target pixel P to the positions at which the image
data obtained at the unshaded pixels located outside the
predetermined range 90 with the first image-capturing
conditions applied thereto. In other words, the image
processing unit 33 (generation unit 33c) is allowed to
select image data obtained under the first image-captur-
ing conditions available at pixels set apart from the target
pixel P by greater distances rather than select image data
obtained under the second image-capturing conditions
at pixels set apart from the target pixel P by smaller dis-
tances.
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[0176] It is to be noted that when selecting image data,
the image processing unit 33 (selection unit 33b) gives
priority to image data available at a pixel taking a position
closer to the predetermined range 90 over image data
available at a pixel taking a position further distanced
from the predetermined range 90. The rationale for this
approach is that a pixel located closer to the predeter-
mined range 90 is more likely to hold image information
commonly shared with the target pixel P than a pixel lo-
cated further away from the predetermined range 90.
[0177] In addition, with L representing the length of a
side of the predetermined range 90, the image process-
ing unit 33 (selection unit 33b) selects image data avail-
able at an unshaded pixel (i.e., with the first image-cap-
turing conditions applied thereto) set apart from the target
pixel by a distance, indicated by a diagonal line, equal to
L or less. The rationale for this selection approach is that
it is desirable to not include image data at a pixel set
apart from the predetermined range 90 by too great a
distance since such a pixel is less likely to hold image
information commonly shared with the target pixel P.

<Examples of Image Processing>

[0178] Examples of image processing that may be ex-
ecuted in the second embodiment will be described.

(1) Defective Pixel Correction Processing

[0179] If uniform image-capturing conditions have
been applied at the target pixel P and all the pixels present
within the predetermined range 90 centered on the target
pixel P, the image processing unit 33 (selection unit 33b)
selects all the sets of image data at the pixels located
inside the predetermined range 90. Then, the image
processing unit 33 (generation unit 33c) executes Max,
Min filter processing by referencing the selected image
data. It is to be noted that it may instead execute defective
pixel correction processing by taking the average of the
selected image data.
[0180] As illustrated in Fig. 7(d), if any pixel, for which
the second image-capturing conditions, different from the
first image-capturing conditions applied at the target pixel
P have been set, is present in the predetermined range
90 centered on the target pixel P, the image processing
unit 33 (selection unit 33b) selects the image data at the
pixels located within the predetermined range 90 with the
first image-capturing conditions applied thereto. It also
selects the image data at the unshaded pixels, located
outside the predetermined range 90 with the first image-
capturing conditions applied thereto. The image process-
ing unit 33 (generation unit 33c) then executes the Max,
Min processing described above by referencing the im-
age data thus selected. It is to be noted that it may instead
execute defective pixel correction processing by taking
the average of the selected image data.
[0181] The image processing unit 33 executes the
processing described above for all the defective pixels,

position information for which is recorded in the non-vol-
atile memory.

(2) Color Interpolation Processing

<G Color Interpolation>

[0182] Next, the G color interpolation executed in the
second embodiment will be explained. In Fig. 8(a)
through Fig. 8(c), the first image-capturing conditions are
set for the area located to the left of and above the bold
lines and the second image-capturing conditions are set
for the area located to the right of and below the bold
lines, as in the first embodiment.
[0183] In the example presented in Fig. 8(b), the sec-
ond image-capturing conditions, different from the first
image-capturing conditions applied at the target position
(second row/second column) are applied at the reference
position corresponding to the shaded G-color component
image data G4. Accordingly, the image processing unit
33 (selection unit 33b) selects the image data G1 through
G3 obtained under the first image-capturing conditions
among the sets of G color component image data G1
through G4. In addition, the image processing unit 33
(selection unit 33b) selects G color component image
data G6 obtained under the first image-capturing condi-
tions, located near the reference position corresponding
to the data G4. In other words, the current embodiment
is distinguishable from the first embodiment in that the
image processing unit 33 (selection unit 33b) selects im-
age data obtained under the first image-capturing con-
ditions by setting alternative image data selection posi-
tions.
[0184] It is to be noted that if the second image-cap-
turing conditions are also applied at the position corre-
sponding to the data G6, data obtained under the first
image-capturing conditions, among the sets of image da-
ta available at positions near the data G6, may be se-
lected.
[0185] The image processing unit 33 (generation unit
33c) executes calculation so as to generate G color com-
ponent image data for the target position (second
row/second column) by referencing the image data se-
lected as described above. The image processing unit
33 (generation unit 33c) may, for instance, generate G
color component image data (a2G1 + b2G2 + c2G3 +
d2G6)/4 for the target position (second row/second col-
umn). It is to be noted that a2, b2, c2 and d2 are weighting
coefficients each selected in correspondence to the dis-
tance between the specific reference position and the
target position and the image structure.
[0186] The image processing unit 33 (generation unit
33c) is able to obtain G color component image data for
each pixel position, as shown in Fig. 8(c) by generating
G color component image data at each position among
the B color component positions and the R color compo-
nent positions in Fig. 8(a).
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<R Color Interpolation>

[0187] The R color interpolation executed in the sec-
ond embodiment will be explained. In Fig. 9(a) through
Fig. 9(c) the first image-capturing conditions are set for
the area located to the left of and above the bold lines
and the second image-capturing conditions are set for
the area located to the right of and below the bold lines,
as in the first embodiment.
[0188] In the example presented in Fig. 9(b), the sec-
ond image-capturing conditions, different from the first
image-capturing conditions applied at the target position
indicated with the bold-line frame (second row/second
column) are applied at the reference position correspond-
ing to the shaded image data Cr2 representing the
chrominance component Cr. Accordingly, the image
processing unit 33 (selection unit 33b) selects the chromi-
nance component image data Cr1 and Cr3 through Cr4
obtained under the first image-capturing conditions
among the chrominance component image data Cr1
through Cr4. In addition, the image processing unit 33
(selection unit 33b) selects image data Cr15 (or Cr16)
for the chrominance component Cr obtained under the
first image-capturing conditions, located near the refer-
ence position corresponding to the data Cr2. In other
words, the current embodiment can be distinguished
from the first embodiment in that the image processing
unit 33 (selection unit 33b) selects image data obtained
under the first image-capturing conditions by setting an
alternative image data selection position.
[0189] It is to be noted that if the second image-cap-
turing conditions are also applied at the position corre-
sponding to the data Cr15 or Cr16, data obtained under
the first image-capturing conditions, among the sets of
image data available at positions near the data Cr15 or
Cr16 may be selected.
[0190] The image processing unit 33 (generation unit
33c) executes calculation so as to generate chrominance
component image data for the target position (second
row/second column) by referencing the image data se-
lected as described above. The image processing unit
33 (generation unit 33c) may, for instance, generate
chrominance component image data Cr (e3Cr1 + f3Cr15
+ g3Cr3 + h3Cr4)/4 for the target position (second
row/second column). It is to be noted that e3, f3, g3 and
h3 are weighting coefficients each selected in corre-
spondence to the distance between the specific refer-
ence position and the target position and the image struc-
ture.
[0191] Chrominance component image data Cr are
generated for the target position indicated with the bold-
line frame (second row/third column) in Fig. 9(c) in much
the same manner. In the example presented in Fig. 9(c),
the first image-capturing conditions, different from the
second image-capturing conditions applied at the target
position indicated with the bold-line frame (second
row/third column) are applied at the reference positions
corresponding to the shaded image data Cr4 and Cr5

representing the chrominance component Cr. Accord-
ingly, the image processing unit 33 (selection unit 33b)
selects the chrominance component image data Cr2 and
Cr6 obtained under the second image-capturing condi-
tions among the chrominance component image data
Cr2 and Cr4 through Cr6. In addition, the image process-
ing unit 33 (selection unit 33b) selects chrominance com-
ponent image data Cr8 and Cr7 obtained under the sec-
ond image-capturing conditions, located near the refer-
ence position corresponding to the data Cr4 and Cr5. In
other words, the current embodiment can be distin-
guished from the first embodiment in that the image
processing unit 33 (selection unit 33b) selects image data
obtained under the second image-capturing conditions
by setting alternative image data selection positions.
[0192] It is to be noted that if the first image-capturing
conditions are also applied at the position corresponding
to the data Cr8 and Cr7, data obtained under the second
image-capturing conditions, among the sets of image da-
ta available at positions near the data Cr8 and Cr7 may
be selected.
[0193] The image processing unit 33 (generation unit
33c) executes calculation so as to generate chrominance
component image data Cr for the target position (second
row/third column) by referencing the image data selected
as described above. The image processing unit 33 (gen-
eration unit 33c) may generate chrominance component
image data Cr (q3Cr2 + r3Cr8 + sCr7 + t3Cr6)/4 for the
target position. It is to be noted that q3, r3, s3 and t3 are
weighting coefficients each selected in correspondence
to the distance between the specific reference position
and the target position and the image structure.
[0194] Once chrominance component image data Cr
have been obtained for each pixel position, the image
processing unit 33 (generation unit 33c) is able to obtain
R color component image data at each pixel position by
adding each set of G color component image data in Fig.
8(c) to the chrominance component image data Cr at the
corresponding pixel position.

<B Color Interpolation>

[0195] Next, the B color interpolation executed in the
second embodiment will be explained. In Fig. 10(a)
through Fig. 10(c) the first image-capturing conditions
are set for the area located to the left of and above the
bold lines and the second image-capturing conditions are
set for the area located to the right of and below the bold
lines.
[0196] In the example presented in Fig. 10(b), the first
image-capturing conditions, different from the second im-
age-capturing conditions applied at the target position
indicated with the bold-line frame (third row/third column)
are applied at the reference positions corresponding to
the shaded image data Cb1 and Cb3 representing the
chrominance component Cb. Accordingly, the image
processing unit 33 (selection unit 33b) selects the chromi-
nance component image data Cb Cb2 and Cb4 obtained
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under the second image-capturing conditions among the
sets of chrominance component image data Cb1 through
Cb4. In addition, the image processing unit 33 (selection
unit 33b) selects image data Cb16 and Cb17 for the
chrominance component Cb obtained under the second
image-capturing conditions, located near the reference
position corresponding to the data Cb1 and Cb3. In other
words, the current embodiment can be distinguished
from the first embodiment in that the image processing
unit 33 (selection unit 33b) selects image data obtained
under the second image-capturing conditions by setting
alternative image data selection positions.
[0197] The image processing unit 33 (generation unit
33c) executes calculation so as to generate chrominance
component image data Cb for the target position (third
row/third column) by referencing the image data selected
as described above. The image processing unit 33 (gen-
eration unit 33c) may, for instance, generate chromi-
nance component image data Cb (u3Cb16 + v3Cb2 +
w3Cb4 + x3Cb17)/4 for the target position (third row/third
column). It is to be noted that u3, v3, w3 and x3 are weight-
ing coefficients each selected in correspondence to the
distance between the specific reference position and the
target position and the image structure.
[0198] Chrominance component image data Cb are
generated for the target position are indicated with the
bold-line frame (third row/fourth column) in Fig. 10(c) in
much the same manner.
[0199] It is to be noted that the second image-capturing
conditions matching those applied at the target position
(third row/fourth column) are set at the reference posi-
tions corresponding to the four sets of chrominance com-
ponent image data Cb2 and Cb4 through Cb6, located
near the target position (third row/fourth column) in the
example presented in Fig. 10(c). The image processing
unit 33 (generation unit 33c) generates through calcula-
tion chrominance component image data Cb at the target
position by referencing the four sets of chrominance com-
ponent image data Cb2 and Cb4 through Cb6, located
near the target position.
[0200] Once chrominance component image data Cb
have been generated for each pixel position, the image
processing unit 33 (generation unit 33c) is able to obtain
B color component image data at each pixel position by
adding each set of G color component image data in Fig.
8(c) to the chrominance component image data Cr at the
corresponding pixel position.
[0201] Through the second embodiment described
above, the following advantage and operation, in addition
to the advantages and operations similar to those
achieved in the first embodiment, are realized. Namely,
the selection unit 33b selects image data at a pixel that
is not a reference pixel, present in an area for which im-
age-capturing conditions identical to those applied at the
pixel position (the position taken by the target pixel) have
been set. As a result, image processing can be executed
in an optimal manner by, for instance, increasing the
number of sets of data referenced by the generation unit

33c while it is engaged in generation of third image data.

(Variations of the First and Second Embodiments)

[0202] The following variations are also within the
scope of the present invention, and one of the variations
or a plurality of variations may be adopted in combination
with either of the embodiments described above.

(Variation 1)

[0203] Fig. 16(a) through Fig. 16(c) each present an
example of a positional arrangement with which a first
area and a second area may be set on the image-cap-
turing surface of the image sensor 32a. In the example
presented in Fig. 16(a), the first area is made up with
even-numbered columns and the second area is made
up with odd-numbered columns. Namely, the image-cap-
turing surface is divided into even-numbered columns
and odd-numbered columns.
[0204] In the example presented in Fig. 16(b), the first
area is made up with odd-numbered rows and the second
area is made up with even-numbered rows. Namely, the
image-capturing surface is divided into odd-numbered
rows and even-numbered rows.
[0205] In the example presented in Fig. 16(c), the first
area is made up with even-numbered row blocks in odd-
numbered columns and odd-numbered row blocks in
even-numbered columns. In addition, the second area is
made up with even-numbered row blocks in even-num-
bered columns and odd-numbered row blocks in odd
numbered columns. Namely, the image-capturing sur-
face is divided into areas forming a checker pattern.
[0206] In each of the examples presented in Fig. 16(a)
through Fig. 16(c), photoelectric conversion signals read
out from the image sensor 32a having captured an image
for one frame are used to generate a first image based
upon photoelectric conversion signals read out from the
first area and a second image based upon photoelectric
conversion signals read out from the second area. In Var-
iation 1, the first image and the second image are cap-
tured at matching angles of view and include a common
subject image.
[0207] In Variation 1, the control unit 34 uses the first
image as a display image and uses the second image
for purposes of detection. In more specific terms, the con-
trol unit 34 brings up on display at the display unit 35 the
first image as a live view image. In addition, the control
unit 34 engages the object detection unit 34a in subject
detection processing executed by using the second im-
age, engages the AF operation unit 34 in focus detection
processing by using the second image and engages the
setting unit 34b in exposure calculation processing exe-
cuted by using the second image.
[0208] In the description of Variation 1, the image-cap-
turing conditions set for the first area where the first image
is captured are referred to as first image-capturing con-
ditions and the image-capturing conditions set for the
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second area where the second image is captured are
referred to as second image-capturing conditions. The
control unit 34 may select different image-capturing con-
ditions for the first image-capturing conditions and the
second image-capturing conditions.

1. For instance, the control unit 34 may select con-
ditions optimal for display at the display unit 35 as
the first image-capturing conditions. In this situation,
uniform image-capturing conditions will be set as the
first image-capturing conditions for the entire first ar-
ea at the imaging field. At the same time, the control
unit 34 may select conditions optimal for focus de-
tection processing, subject detection processing and
exposure calculation processing as the second im-
age-capturing conditions. Uniform image-capturing
conditions will be also be set as the second image-
capturing conditions for the entire second area at the
imaging field.
It is to be noted that if conditions optimal for the focus
detection processing, conditions optimal for the sub-
ject detection processing and conditions optimal for
the exposure calculation processing are different
from one another, the control unit 34 may select dif-
ferent second image-capturing conditions for the
second area from one frame to the next. For in-
stance, it may select the conditions optimal for the
focus detection processing as the second image-
capturing conditions for the first frame, select the
conditions optimal for the subject detection process-
ing as the second image-capturing conditions for the
second frame, and select the conditions optimal for
the exposure calculation processing as the second
image-capturing conditions for the third frame. In this
case too, uniform image-capturing conditions will be
set for the second image-capturing conditions for the
entire second area at the imaging field in correspond-
ence to each frame.
2. As an alternative, the control unit 34 may select
different image-capturing conditions as the first im-
age-capturing conditions set for the first area. In this
case, the control unit 34 (setting unit 34b) sets dif-
ferent first image-capturing conditions from one sub-
ject element-containing area to another among are-
as containing different subject elements defined by
the setting unit 34b. However, the control unit 34
selects uniform second image-capturing conditions
for the entire second area at the imaging field. While
the control unit 34 selects conditions optimal for fo-
cus detection processing, subject detection process-
ing and exposure calculation processing as the sec-
ond image-capturing conditions, it may select differ-
ent image-capturing conditions for the second area
from one frame to another if conditions optimal for
the focus detection processing, conditions optimal
for the subject detection processing and conditions
optimal for the exposure calculation processing are
different from one another.

3. As a further alternative, the control unit 34 may
select different second image-capturing conditions
for the second area at the imaging field while apply-
ing uniform first image-capturing conditions to the
entire first area of the imaging field. For instance, it
may select different second image-capturing condi-
tions from one subject element-containing area to
another among areas containing different subject el-
ements defined by the setting unit 34. In this case,
too, different image-capturing conditions may be set
for the second area from one frame to another if con-
ditions optimal for the focus detection processing,
conditions optimal for the subject detection process-
ing and conditions optimal for the exposure calcula-
tion processing are different from one another.
4. As yet another alternative, the control unit 34 may
select different first image-capturing conditions for
the first area at the imaging field and also select dif-
ferent second image-capturing conditions for the
second area at the imaging field. For instance, it may
select different first image-capturing conditions from
one subject element-containing area to another
among areas containing different subject elements
defined by the setting unit 34b and also select differ-
ent second image-capturing conditions from one
subject element-containing area to another among
areas containing different subject elements defined
by the setting unit 34b.

[0209] The areal ratios of the first area and the second
area in Fig. 16(a) through Fig. 16(c) may be varied. In
response to a user operation or based upon a decision
made by the control unit 34, for instance, the control unit
34 may set the ratio of the first area higher than that of
the second area may set the first area ratio and the sec-
ond area ratio equal to each other, as shown in the ex-
amples presented in Fig. 16(a) through Fig. 16(c) or may
set the ratio of the first area lower than that of the second
area. By adjusting the ratios for the first area and the
second area, a first image achieving higher definition
compared to the second image can be generated, the
resolution of the first image and the resolution of the sec-
ond image can be set equal to each other or a second
image achieving higher definition than the first image can
be generated.

(Variation 2)

[0210] In the embodiments described earlier, the con-
trol unit 34 (setting unit 34b) detects subject elements
based upon the live view image and divides the image
plane of the live view image into subject element-con-
taining areas. In conjunction with a photometering sensor
installed as a member separate from the image sensor
32a, the control unit 34 in Variation 2 may divide the live
view image plane into different areas based upon output
signals provided by the photometering sensor.
[0211] In this case, based upon output signals from the
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photometering sensor, the control unit 34 divides the im-
age plane into a foreground and a background. In more
specific terms, it divides the live view image obtained via
the image sensor 32b into a foreground area correspond-
ing to an area judged to be a foreground based upon
signals output from the photometering sensor and a
background area corresponding to an area judged to be
a background based upon signals output from the pho-
tometering sensor.
[0212] The control unit 34 then sets a first area and a
second area at positions corresponding to the foreground
area at the image-capturing surface of the image sensor
32a, as in any of the examples presented in Fig. 16(a)
through Fig. 16(c). In addition, the control unit 34 sets
the first area alone at positions corresponding to the
background area at the image-capturing surface of the
image sensor 32a. The control unit 34 uses the first image
as a display image and uses the second image for pur-
poses of detection.
[0213] In Variation 2, the live view image obtained via
the image sensor 32b can be divided into different areas
by using output signals provided from a photometering
sensor. In addition, a first image to be used as a display
image and a second image to be used for purposes of
detection can be obtained in correspondence to the fore-
ground area, whereas a first image to be used as a display
image alone can be obtained over the background area.

(Variation 3)

[0214] In Variation 3, the image processing unit 33
(generation unit 33c) executes contrast adjustment
processing in order to reduce the appearance of discon-
tinuity in an image, attributable to the difference between
the first image-capturing conditions and the second im-
age-capturing conditions. Namely, the generation unit
33c lessens the appearance of discontinuity in an image
attributable to the difference between the first image-cap-
turing conditions and the second image-capturing con-
ditions by altering the tone curve (gamma curve).
[0215] For instance, the first image-capturing condi-
tions and the second image-capturing conditions may
differ from each other only in the ISO sensitivity, with an
ISO sensitivity setting of 100 selected for the first image-
capturing conditions and an ISO sensitivity setting of 800
selected for the second image-capturing conditions. In
this situation, the generation unit 33c will compress the
image data values obtained under the second image-
capturing conditions, among the image data values indi-
cated at the reference positions by a factor of 1/8 by flat-
tening the tone curve.
[0216] As an alternative, the generation unit 33c may
expand the image data value included at the target po-
sition and image data values obtained under the first im-
age-capturing conditions, among the image data values
indicated at the reference positions by a factor of eight,
by steepening the tone curve.
[0217] As in the embodiments described earlier, opti-

mal image processing can be executed on sets of image
data individually generated in correspondence to areas
with different image-capturing conditions applied thereto
through Variation 3. For instance, the appearance of dis-
continuity or an unnatural appearance in an image having
undergone image processing, attributable to different im-
age-capturing conditions set at boundaries of areas can
be reduced.

(Variation 4)

[0218] In Variation 4, the image processing unit 33
(generation unit 33c) executes the image processing de-
scribed above (e.g., noise reduction processing) by en-
suring that edges of subject elements do not become
lost. Noise reduction is generally executed through
smoothing filter processing. While a smoothing filter is
effective in noise reduction, the use of a smoothing filter
may result in blurring at the edges of subject elements.
[0219] Accordingly, the image processing unit 33 (gen-
eration unit 33c) corrects any blurring at the edges of the
subject elements by executing contrast adjustment
processing, for instance, after the noise reduction
processing or concurrently while the noise reduction
processing is underway. The image processing unit 33
(generation unit 33c) in Variation 4 sets an S-shaped
curve as a density conversion (gradation conversion)
curve (for conversion often referred to as S conversion).
The image processing unit 33 (generation unit 33c) ex-
ecutes contrast adjustment through the S conversion so
as to increase the number of gradations in bright-area
image data and the number of gradations in dark-area
image data by individually stretching the bright data gra-
dation portion and the dark data gradation portion and to
decrease the number of gradations for mid tone gradation
image data by compressing the mid-tone gradation im-
age data. Through these measures, blurring that occurs
along the edges of subject elements can be corrected as
a result of a decrease in the number of sets of image
data assuming mid-tone image brightness and an in-
crease in the number of sets of image data classified as
either bright-area data or dark-area data.
[0220] Through Variation 4, by achieving sharper con-
trast between bright and dark in the image, blurring along
the boundaries of subject elements can be corrected.

(Variation 5)

[0221] In Variation 5, the image processing unit 33
(generation unit 33c) adjusts white balance adjustment
gain to reduce the appearance of discontinuity in an im-
age attributable to the difference between the first image-
capturing conditions and the second image-capturing
conditions.
[0222] For instance, the image-capturing conditions
(referred to as first image-capturing conditions) applied
at the target position during image-capturing operation
and the image-capturing conditions (referred to as sec-
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ond image-capturing conditions) applied at a reference
position around the target position during the image-cap-
turing operation may be different from each other, and
under such circumstances, the image processing unit 33
(generation unit 33c) adjusts the white balance adjust-
ment gain so that the white balance in the image data
obtained under the second image-capturing conditions,
among the sets of image data obtained at reference po-
sitions, will achieve better similarity to the white balance
in the image data obtained under the first image-captur-
ing conditions.
[0223] It is to be noted that the image processing unit
33 (generation unit 33c) may instead adjust the white
balance adjustment gain so as to adjust the white balance
in the image data obtained under the first image-captur-
ing conditions, among the sets of image data obtained
at the reference positions, and in the image data obtained
at the target position to achieve better similarity to the
white balance in the image data obtained under the sec-
ond image-capturing conditions.
[0224] In Variation 5, the appearance of discontinuity
in an image, attributable to the difference between the
first image-capturing conditions and the second image-
capturing conditions, can be reduced by adjusting the
white balance adjustment gains corresponding to the im-
age data obtained in areas at which different image-cap-
turing conditions are applied so that a uniform adjustment
gain matching the gain applied in either of the areas with
different image-capturing conditions applied thereto is
used for both areas.

(Variation 6)

[0225] A plurality of image processing units 33 may be
used for concurrent execution of image processing. For
instance, while image processing for image data ob-
tained by capturing an image in an area A at the image-
capturing unit 32 is underway, image processing may be
also executed for image data obtained by capturing an
image in an area B at the image-capturing unit 32. The
plurality of image processing units 33 may execute iden-
tical image processing or they may be engaged in differ-
ent types of image processing. Namely, matching image
processing may be executed for the image data obtained
in the area A and the image data obtained in the area B
by using matching parameters or the like, or different
types of image processing may be executed for the image
data obtained in the area A and for the image data ob-
tained in the area B by using different parameters.
[0226] In a configuration that includes a plurality of im-
age processing units 133, one of the image processing
units may be engaged in image processing for image
data obtained under the first image-capturing conditions
and another image processing unit may be engaged in
image processing for image data obtained under the sec-
ond image-capturing conditions. In addition, the number
of image processing units is not limited to two, as in the
example described above, and the number of image

processing units included in the configuration may match
the number of sets of image-capturing conditions that
can be set. Namely, an image processing unit may be
assigned to execute image processing for each area for
which a different set of image-capturing conditions has
been set. In Variation 6, image-capturing operation exe-
cuted under different image-capturing conditions set for
different areas and image processing for image data ex-
pressing an image obtained in correspondence to each
of the areas can be executed concurrently.

(Variation 7)

[0227] While the explanation has been given on an ex-
ample in which the present invention is embodied in the
camera 1, the present invention is not limited to this ex-
ample and it may be adopted in a high-function mobile
telephone 250 (see Fig. 14) with a camera function such
as a smart phone, or in a mobile device such as a tablet
terminal.

(Variation 8)

[0228] In the embodiments described above, the
present invention is adopted in the camera 1, i.e., an
integrated electronic device having the image-capturing
unit 32 and the control unit 34 included as integrated
components thereof. As an alternative, the present in-
vention may be adopted in an image-capturing system
1B configured with an image-capturing unit 32 and a con-
trol unit 34, provided as entities separate from each other,
in which the image-capturing unit 32 is controlled by the
control unit 34 through communication.
[0229] The following is a description of an example in
which an image-capturing device 1001, which includes
an image-capturing unit 32, is controlled by a control de-
vice 1002 which includes a control unit 34, given in ref-
erence to Fig. 17.
[0230] Fig. 17 is a block diagram presenting an exam-
ple of a structure that may be adopted in the image-cap-
turing system 1B in Variation 8. The image-capturing sys-
tem 1B in Fig. 17 is configured with the image-capturing
device 1001 and a display device 1002. The image-cap-
turing device 1001 includes a first communication unit
1003, as well as the image-capturing optical system 31
and the image-capturing unit 32 described in reference
to the embodiments. In addition, the display device 1002
includes a second communication unit 1004, as well as
the image processing unit 33, the control unit 34, the
display unit 35, the operation member 36 and the record-
ing unit 37 described in reference to the embodiments.
[0231] The first communication unit 1003 and the sec-
ond communication unit 1004 are able to conduct bidi-
rectional image data communication through, for in-
stance, wireless communication, optical communication
or the like of the known art.
[0232] It is to be noted that the image-capturing device
1001 and the display device 1002 may be connected via
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a wiring cable to enable the first communication unit 1003
and the second communication unit 1004 to conduct bi-
directional image data communication.
[0233] In the image-capturing system 1B, the control
unit 34 controls the image-capturing unit 32 through data
communication enabled via the second communication
unit 1004 and the first communication unit 1003. For in-
stance, specific image data are exchanged between the
image-capturing device 1001 and the display device
1002 so as to allow the display device 1002 to divide the
image plane into a plurality of areas based upon an im-
age, set different image-capturing conditions in different
areas and read out photoelectric conversion signals re-
sulting from photoelectric conversion in the individual ar-
eas, as has been explained earlier.
[0234] In Variation 8, a live view image obtained at the
image-capturing device 1001 and transmitted to the dis-
play device 1002 is brought up on display at the display
unit 35 in the display device 1002. This means that the
user is able to perform operation through remote control
at the display device 1002 distanced from the image-
capturing device 1001.
[0235] The display device 1002 may be, for instance,
a high-function mobile telephone 250 such as a smart
phone. In addition, the image-capturing device 1001 may
be configured as an electronic device that includes the
stacked image sensor 100 described earlier.
[0236] It is to be noted that while the control unit 34 in
the display device 1002 includes the object detection unit
34a, the setting unit 34b, the image-capturing control unit
34c and the AF operation unit 34d in the example de-
scribed above, some of these units, i.e., the subject de-
tection unit 34a, the setting unit 34b, the image-capturing
control unit 34c and the AF operation unit 34d, may be
installed in the image-capturing device 1001, instead.

(Variation 9)

[0237] A program may be provided to the camera 1,
the high-function mobile telephone 250 or a mobile de-
vice such as a tablet terminal by transmitting the program
installed in the personal computer 205 to the recipient
mobile device through, for instance, infrared communi-
cation or short-range wireless communication, as illus-
trated in Fig. 18.
[0238] The program may be provided to the personal
computer 205 by setting a recording medium 204, such
as a CD-ROM, with the program stored therein, into the
personal computer 205, or by loading the program into
the personal computer 205 via a communication line 201
such as a network. The program to be provided via the
communication line 201 should be stored in a storage
device 203 or the like at a server 202 connected to the
communication line.
[0239] In addition, the program may be directly trans-
mitted to the mobile device via an access point (not
shown) of a wireless LAN connected to the communica-
tion line 201. Furthermore, a recording medium 204B

such as a memory card with the program stored therein
may be set in the mobile device. Namely, the program
may be provided as a computer program product assum-
ing any of various modes, including a computer program
product in a recording medium and a computer program
product provided via a communication line.

(Third Embodiment)

[0240] In reference to Figs. 19 through 25, a digital
camera representing an example of an electronic device
that includes the image processing device achieved in
the third embodiment, will be explained. The following
explanation will focus on features distinguishing the em-
bodiment from the first and second embodiments with
the same reference signs assigned to structural elements
identical to those in the first or second embodiment. El-
ements that are not specially noted are identical to those
in the first or second embodiment. The primary feature
distinguishing the embodiment from the first embodiment
is that the structure in the embodiment does not include
the image processing unit 33 in the first embodiment and
instead an image-capturing unit 32A further includes an
image processing unit 32c having functions similar to
those of the image-capturing unit 33 in the first embodi-
ment.
[0241] Fig. 19 is a block diagram presenting an exam-
ple of a structure that may be adopted in a camera 1C in
the third embodiment. The camera 1C in Fig. 19 com-
prises an image-capturing optical system 31, the image-
capturing unit 32A, a control unit 34, a display unit 35,
an operation member 36 and a recording unit 37. The
image-capturing unit 32A further includes an image
processing unit 32c having functions similar to those of
the image processing unit 33 in the first embodiment.
[0242] The image processing unit 32c includes an input
unit 321, selection units 322 and a generation unit 323.
Image data obtained via an image sensor 32a are input
to the input unit 321. The selection units 322 execute
preliminary processing on the image data input as de-
scribed above. The preliminary processing executed by
the selection units 322 is identical to the preliminary
processing executed by the selection unit 33b in the first
embodiment. The generation unit 323 generates an im-
age by executing image processing on the input image
data and the image data having undergone the prelimi-
nary processing. The image processing executed by the
generation unit 323 is identical to the image processing
executed by the generation unit 33c in the first embodi-
ment.
[0243] Fig. 20 schematically illustrates the correspond-
ing relationship that exists between various blocks and
a plurality of selection units 322 in the embodiment. In
Fig. 20 each square at a rectangular image-capturing
chip 111 represents a single block 111a. Likewise, each
square at a rectangular image processing chip 114, to
be described later, represents a single selection unit 322.
[0244] In the embodiment, the selection units 322 are
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provided each in correspondence to one of the blocks
111a. In other words, a selection unit 322 is provided for
each of the blocks which are the smallest units of areas
for which different image-capturing conditions can be set
at the imaging plane. For instance, the hatched block
111a and the hatched selection unit in Fig. 20 correspond
to each other. The hatched selection unit 322 in Fig. 20
executes the preliminary processing for the image data
output from the pixels present in the hatched block 111a.
The selection units 322 each execute the preliminary
processing for the image data output from the pixels
present in the corresponding block 111a.
[0245] Since this makes it possible to engage the plu-
rality of selection units 322 in concurrent execution of
preliminary processing for the image data, the processing
onus at each selection unit 322 can be reduced, and an
optimal image can be generated in a short period of time
by using sets of image data individually generated in ar-
eas with different image-capturing conditions applied
thereto.
[0246] It is to be noted that when describing the rela-
tionship between a given block 111a and the pixels
present in the particular block 111a, the block 111a may
be referred to as the block 111a to which the pixels belong
in the following explanation. In addition, a block 111a
may otherwise be referred to as a unit block and a plurality
of blocks 111a grouped together, i.e., an aggregate of
unit blocks may be referred to as a combined block.
[0247] Fig. 21 presents a sectional view of a stacked
image sensor 100A. The stacked image sensor 100A
includes the image processing chip 114, which executes
the preliminary processing described above and image
processing, in addition to a back-side illumination-type
image-capturing chip 111, a signal processing chip 112
and a memory chip 113. Namely, the image processing
unit 32c is disposed at the image processing chip 114.
[0248] The image-capturing chip 111, the signal
processing chip 112, the memory chip 113 and the image
processing chip 114 are stacked one upon another and
are electrically connected with one another via bumps
109 constituted of a material such as Cu having electric
conductivity.
[0249] A plurality of bumps 109 are disposed at the
surface of the memory chip 113 and the surface of the
image processing chip 114 that face opposite each other.
As these bumps 109 are aligned relative to each other
and the memory chip 113 and the image processing chip
114 are pressed against each other, the bumps 109, hav-
ing been aligned with each other, become bonded, there-
by achieving electrical connection.

<Data Selection Processing>

[0250] In the second embodiment, once the setting unit
34b has divided the imaging field into a plurality of areas,
image-capturing conditions can be set (adjusted), for an
area selected by the user or for an area determined by
the control unit 34, as in the first embodiment. If different

image-capturing conditions have been set for individual
areas, the control unit 34 initiates the following data se-
lection processing as needed.

1. When Executing Image Processing

[0251]

1-1. When uniform image-capturing conditions are
selected for the target pixel P and a plurality of ref-
erence pixels around the target pixel P
In this case, the corresponding selection unit 322
selects all the image data obtained at the plurality of
reference pixels and outputs the selected image data
to the generation unit 323. The generation unit 323
executes image processing by using the image data
from the plurality of reference pixels.
1-2. When the image-capturing conditions set for the
target pixel P are different from the image-capturing
conditions set for at least one of the plurality of ref-
erence pixels around the target pixel P

[0252] The image-capturing conditions applied at the
target pixel P are first image-capturing conditions, the
image-capturing conditions applied at some of the plu-
rality of reference pixels are also the first image-capturing
conditions and the image-capturing conditions applied at
the rest of the reference pixels are second image-cap-
turing conditions.
[0253] In this situation, a selection unit 322 corre-
sponding to a block 111a to which a reference pixel with
the first image-capturing conditions applied thereto be-
longs, and a selection unit 322 corresponding to a block
111a to which a reference pixel with the second image-
capturing conditions applied thereto belongs, execute
data selection processing, as explained in (example 1)
through (example 3) below with regard to the image data
at the reference pixels. The generation unit 323 then ex-
ecutes image processing so as to generate through cal-
culation image data for the target pixel P by referencing
the image data at the reference pixels selected through
the data selection processing.

(Example 1)

[0254] For instance, the first image-capturing condi-
tions and the second image-capturing conditions may
differ from each other only in the ISO sensitivity, with an
ISO sensitivity setting of 100 selected for the first image-
capturing conditions and an ISO sensitivity setting of 800
selected for the second image-capturing conditions. Un-
der these circumstances, the selection unit 322 corre-
sponding to a block 111a to which a reference pixel with
the first image-capturing conditions applied thereto be-
longs, selects the image data obtained under the first
image-capturing conditions. However, the selection unit
322 corresponding to a block 111a to which a reference
pixel with the second image-capturing conditions applied
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thereto belongs, does not select the image data obtained
under the second image-capturing conditions. In other
words, the image data obtained under the second image-
capturing conditions, which are different from the first im-
age-capturing conditions, are not used in the image
processing.

(Example 2)

[0255] The first image-capturing conditions and the
second image-capturing conditions may differ from each
other only in the shutter speed, with a shutter speed set-
ting of 1/1000 sec selected for the first image-capturing
conditions and a shutter speed setting of 1/100 sec se-
lected for the second image-capturing conditions. Under
these circumstances, the selection unit 322 correspond-
ing to a block 111a to which a reference pixel with the
first image-capturing conditions applied thereto belongs,
selects the image data obtained under the first image-
capturing conditions. However, the selection unit 322 cor-
responding to a block 111a to which a reference pixel
with the second image-capturing conditions applied
thereto belongs, does not select the image data obtained
under the second image-capturing conditions. In other
words, the image data obtained under the second image-
capturing conditions, which are different from the first im-
age-capturing conditions, are not used in the image
processing.

(Example 3)

[0256] The first image-capturing conditions and the
second image-capturing conditions may differ from each
other only in the frame rate (with uniform electric charge
accumulation time) with a frame rate setting of 30 fps
selected for the first image-capturing conditions and a
frame rate setting of 60 fps selected for the second im-
age-capturing conditions. Under these circumstances,
the selection unit 322 corresponding to a block 111a to
which a reference pixel with the first image-capturing con-
ditions applied thereto belongs, selects the image data
obtained under the first image-capturing conditions. In
addition, the selection unit 322 corresponding to a block
111a to which a reference pixel with the second image-
capturing conditions applied thereto belongs, selects im-
age data in frame images obtained with timing close to
the timing with which frame images have been obtained
under the first image-capturing conditions (30 fps) among
the sets of image data obtained under the second image-
capturing conditions (60 fps) at the reference pixel.
Namely, image data expressing frame images obtained
with timing close to the timing with which frame images
have been obtained under the first image-capturing con-
ditions (30 fps) are used in the image processing, but
image data obtained with timing different from the timing
with which the frame images have been obtained under
the first image-capturing conditions (30 fps) among the
sets of image data at the reference pixel, are not used in

the image processing.
[0257] It is to be noted that data selection processing
will be executed in much the same way when the image-
capturing conditions applied at the target pixel P are the
second image-capturing conditions and the image-cap-
turing conditions applied at reference pixels around the
target pixel P are the first image-capturing conditions.
Namely, a selection unit 322 corresponding to a block
111 a to which a reference pixel with the first image-
capturing conditions applied thereto belongs, and a se-
lection unit 322 corresponding to a block 111a to which
a reference pixel with the second image-capturing con-
ditions applied thereto belongs, execute data selection
processing, as has been explained in reference (example
1) to (example 3) for the image data at the reference
pixels.
[0258] It is to be noted that as has been explained ear-
lier, image-capturing conditions indicating a slight differ-
ence are regarded as uniform image-capturing condi-
tions.
[0259] The generation unit 323 executes image
processing such as defective pixel correction processing,
color interpolation processing, edge enhancement
processing and noise reduction processing based upon
the image data at the reference pixels selected by the
selection units 322, as does the image processing unit
33 (generation unit 33c) in the first embodiment.
[0260] Fig. 22 is a schematic diagram illustrating how
image data (hereafter referred to as first image data) from
individual pixels present in an area (hereafter referred to
as a first area 141) of the image-capturing surface, with
the first image-capturing conditions applied thereto, and
image data (hereafter referred to as second image data)
from individual pixels present in an area (hereafter re-
ferred to as a second area 142) at the image-capturing
surface, with the second image-capturing conditions ap-
plied thereto, are processed. It is to be noted that the
processing in Fig. 22 is executed for the target pixel P
with the first image-capturing conditions applied thereto
in (example 1) and (example 2) described earlier.
[0261] The first image data expressing an image cap-
tured under the first image-capturing conditions are out-
put from each pixel present in the first area 141, whereas
the second image data expressing an image captured
under the second image-capturing conditions are output
from each pixel present in the second area 142. The first
image data are output to the selection unit 322 that cor-
responds to the block 111a to which the particular pixel
having generated the first image data belongs, among
the plurality of selection units 322 disposed at the
processing chip 114. In the following description, a plu-
rality of selection units 322, each corresponding to one
of a plurality of blocks 111a to which pixels having gen-
erated individual sets of first image data belong, will be
referred to as a first selection unit 151.
[0262] Likewise, the second image data are output to
the selection unit 322 that corresponds to the block 111a,
to which the particular pixel having generated the second
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image data belongs, among the plurality of selection units
322 disposed at the processing chip 114. In the following
description, a plurality of selection units 322, each cor-
responding to one of a plurality of blocks 111a, to which
the pixels having generated individual sets of second im-
age data belong, will be referred to as a second selection
unit 152.
[0263] For instance, the target pixel P may be present
in the first area 141, and in this case, the first selection
unit 151 selects the image data at the target pixel P and
image data obtained at reference pixels by capturing an
image under the first image-capturing conditions and out-
puts the selected image data to the generation unit 323.
While image data in a single block are selected via the
selection unit 322 in this example, image data from an-
other block, generated by capturing an image under the
first image-capturing conditions, may be selected as well.
In the latter case, the selection unit 322, to which the
image data from the target pixel P have been input and
the selection unit 322 corresponding to another block with
the first image-capturing conditions applied thereto for
image-capturing operation simply need to exchange the
information 181 pertaining to the first image-capturing
conditions required for data selection processing. The
second selection unit 152 does not select image data at
reference pixels generated by capturing an image under
the second image-capturing conditions and thus does
not output the image data at the reference pixels with the
second image-capturing conditions applied thereto to the
generation unit 323. It is to be noted that the second
selection unit 152 receives the information 181 pertaining
to the first image-capturing conditions required in the data
selection processing from, for instance, the first selection
unit 151.
[0264] Likewise, if the target pixel P is present in the
second area, and in this case, the second selection unit
152 selects the image data at the target pixel P and image
data obtained at reference pixels by capturing an image
under the second image-capturing conditions and out-
puts the selected image data to the generation unit 323.
The first selection unit 151 does not select the image
data at reference pixels generated by capturing an image
under the first image-capturing conditions, and thus does
not output image data at the reference pixels with the
first image-capturing conditions applied thereto to the
generation unit 323. It is to be noted that the first selection
unit 151 receives information pertaining to the second
image-capturing conditions required in the data selection
processing from, for instance, the second selection unit
152.
[0265] Once the preliminary processing has been ex-
ecuted as described above, the generation unit 323 ex-
ecutes image processing such as defective pixel correc-
tion processing, color interpolation processing, edge en-
hancement processing and noise reduction processing
based upon the image data provided via the first selection
unit 151 and the second selection unit 152, and outputs
image data resulting from the image processing.

2. When Executing Focus Detection Processing

[0266] As in the first embodiment, the control unit 34
(AF operation unit 34d) executes focus detection
processing by using image data corresponding to a spe-
cific position (focus detection position) on the imaging
field. It is to be noted that if different image-capturing
conditions have been set in different areas and the focus
detection position set for an AF operation is located at a
boundary between areas, i.e., if the focus detection po-
sition is split over the first area and the second area, the
control unit 34 (AF operation unit 34d) in the embodiment
engages the selection units 322 in data selection
processing as explained in 2-2 below.

2-1. When the image data from the pixels present
within the frame 170 in Fig. 13 do not include both
focus detection signal data obtained under the first
image-capturing conditions and focus detection sig-
nal data obtained under the second image-capturing
conditions
In this case, the selection units 322 select the focus
detection signal data from all the pixels present in
the frame 170 and output the selected data to the
generation unit 323. The control unit 34 (AF opera-
tion unit 34d) executes focus detection processing
by using the focus detection signal data obtained at
the focus detection pixels within the frame 170.
2-2. When the image data from the pixels present
within the frame 170 in Fig. 13 include both focus
detection signal data obtained under the first image-
capturing conditions and focus detection signal data
obtained under the second image-capturing condi-
tions output

[0267] The control unit 34 (AF operation unit 34d) en-
gages the selection units 322 that correspond to the
blocks 111a to which the pixels in the frame 170 belong,
in data selection processing, as described in (example
1) through (example 3) below. The control unit 34 (AF
operation unit 34d) then executes focus detection
processing by using the focus detection signal data se-
lected through the data selection processing.

(Example 1)

[0268] For instance, the first image-capturing condi-
tions and the second image-capturing conditions may
differ from each other only in the ISO sensitivity, with an
ISO sensitivity setting of 100 selected for the first image-
capturing conditions and ISO sensitivity setting of 800
selected for the second image-capturing conditions. Un-
der these circumstances, a selection unit 322 corre-
sponding to a block 111a, to which a pixel with the first
image-capturing conditions applied thereto belongs, se-
lects the focus detection signal data obtained under the
first image-capturing conditions. However, a selection
unit 322 corresponding to a block 111a to which a pixel
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with the second image-capturing conditions applied
thereto belongs does not select the focus detection signal
data obtained under the second image-capturing condi-
tions. In other words, only the focus detection signal data
obtained under the first image-capturing conditions,
among the sets of focus detection signal data obtained
at pixels present inside the frame 170, are used for the
focus detection processing without using the image data
obtained under the second image-capturing conditions,
different from the first image-capturing conditions, for the
focus detection processing.

(Example 2)

[0269] The first image-capturing conditions and the
second image-capturing conditions may differ from each
other only in the shutter speed, with a shutter speed set-
ting of 1/1000 sec selected for the first image-capturing
conditions and a shutter speed setting of 1/100 sec se-
lected for the second image-capturing conditions. Under
these circumstances, a selection unit 322 corresponding
to a block 111a to which a pixel with the first image-cap-
turing conditions applied thereto belongs, selects the fo-
cus detection signal data obtained under the first image-
capturing conditions. However, a selection unit 322 cor-
responding to a block 111a to which a pixel with the sec-
ond image-capturing conditions applied thereto belongs
does not select the focus detection signal data obtained
under the second image-capturing conditions. In other
words, only the focus detection signal data obtained un-
der the first image-capturing conditions, among the sets
of focus detection signal data obtained at pixels present
inside the frame 170, are used for the focus detection
processing without using the focus detection signal data
obtained under the second image-capturing conditions,
different from the first image-capturing conditions, for the
focus detection processing.

(Example 3)

[0270] The first image-capturing conditions and the
second image-capturing conditions may differ from each
other only in the frame rate (with uniform electric charge
accumulation time) with a frame rate setting of 30 fps
selected for the first image-capturing conditions and a
frame rate setting of 60 fps selected for the second im-
age-capturing conditions. Under these circumstances, a
selection unit 322 corresponding to a block 111a to which
a pixel with the first image-capturing conditions applied
thereto belongs, selects the focus detection signal data
obtained under the first image-capturing conditions. In
addition, a selection unit 322 corresponding to a block
111a to which a pixel with the second image-capturing
conditions applied thereto belongs, selects focus detec-
tion signal data in frame images obtained under the sec-
ond image-capturing conditions (60 fps) with timing close
to the timing with which a frame image have been ob-
tained under the first image-capturing conditions (30 fps).

Namely, focus detection signal data expressing frame
images obtained with timing close to the timing with which
the focus detection signal data for frame images have
been obtained under the first image-capturing conditions,
among sets of focus detection signal data obtained under
the second image-capturing conditions (60fps) are used
in the focus detection processing, but focus detection
signal data obtained with timing significantly different
from the timing with which the frame images have been
obtained under the first image-capturing conditions (30
fps) are not used in the focus detection processing.
[0271] It is to be noted that as has been explained ear-
lier, image-capturing conditions indicating a slight differ-
ence are regarded as uniform image-capturing condi-
tions.
[0272] In addition, while the focus detection signal data
obtained under the first image-capturing conditions,
among the sets of focus detection signal data obtained
in the area enclosed with the frame 170, are selected in
(example 1) and (example 2) described above, the focus
detection signal data obtained under the second image-
capturing conditions, among the sets of focus detection
signal data in the area within the frame 170, may be se-
lected instead.
[0273] It is to be also noted that if the focus detection
position is split over the first area and the second area
with the first area assuming a greater areal size than the
second area, it is desirable to select the image data ob-
tained under the first image-capturing conditions, where-
as if the second area takes a greater areal size than the
first area, it is desirable to select image data obtained
under the second image-capturing conditions.
[0274] Fig. 23 presents a schematic diagram illustrat-
ing how first signal data and second signal data are proc-
essed in relation to the focus detection processing. It is
to be noted that Fig. 23 illustrates how processing is ex-
ecuted with the focus detection signal data obtained un-
der the first image-capturing conditions, selected from
the sets of signal data obtained in the area enclosed by
the frame 170, and with the focus detection signal data
obtained under the second image-capturing conditions
also selected from the sets of signal data obtained in the
area enclosed by the frame 170.
[0275] First signal data to be used for focus detection,
generated by capturing an image under the first image-
capturing conditions, are output from each of the pixels
present in the first area 141, whereas second signal data
to be used for focus detection, generated by capturing
an image under the second image-capturing conditions,
are output from each of the pixels present in the second
area 142. The first signal data originating from the first
area 141 are output to the first selection unit 151. Like-
wise, the second signal data originating from the second
area 142 are output to the second selection unit 152.
[0276] The first processing unit 151 selects the first
signal data obtained under the first image-capturing con-
ditions and outputs the selected data to the AF operation
unit 34d. The second processing unit 152 selects the

67 68 



EP 3 358 821 A1

36

5

10

15

20

25

30

35

40

45

50

55

second signal data obtained under the second image-
capturing conditions and outputs the selected data to the
AF operation unit 34d.
[0277] Once the preliminary processing has been ex-
ecuted as described above, the AF operation unit 34d
calculates a first defocus quantity based upon the first
signal data provided via the first processing unit 151. In
addition, the AF operation unit 34d calculates a second
defocus quantity based upon the second signal data pro-
vided from the first processing unit 151. Then, the AF
operation unit 34d outputs a drive signal generated based
upon the first defocus quantity and the second defocus
quantity to be used to drive the focus lens in the image-
capturing optical system 31 to the in-focus position.
[0278] It is to be noted that if the focus detection signal
data obtained under the first image-capturing conditions,
among the sets of signal data obtained in the area within
the frame 170, are selected but the focus detection signal
data obtained under the second image-capturing condi-
tions located in the area within the frame 170 are not
selected, as in (example 1) and (example 2) described
above, the following processing is executed with regard
to the first signal data and the second signal data.
[0279] When focus detection processing is executed
by using the first signal data obtained under the first im-
age-capturing conditions, for instance, the first process-
ing unit 151 selects the first signal data obtained under
the first image-capturing conditions and outputs the se-
lected first signal data to the generation unit 323. The
second processing unit 152, however, does not select
the second signal data obtained under the second image-
capturing conditions and does not output the second sig-
nal data at the reference pixels with the second image-
capturing conditions applied thereto to the generation
unit 323. It is to be noted that the second processing unit
152 receives the information 181 pertaining to the first
image-capturing conditions required in the data selection
processing from, for instance, the first processing unit
151.
[0280] Once the preliminary processing has been ex-
ecuted as described above, the AF operation unit 34d
executes focus detection processing based upon the first
signal data provided via the first processing unit 151 and
outputs a drive signal, generated based upon the arith-
metic operation results, to be used to drive the focus lens
in the image-capturing optical system 31, to the in-focus
position.
[0281] An explanation will be given next on an example
in which a focusing target subject, onto which focus is to
be adjusted, takes a position astride an area with the first
image-capturing conditions applied thereto and an area
with the second image-capturing conditions applied
thereto. When the focusing target subject takes a position
astride an area with the first image-capturing conditions
applied thereto and an area with the second image-cap-
turing conditions applied thereto, a, selection unit 322
corresponding to a block 111a to which a pixel with the
first image-capturing conditions applied thereto belongs,

selects the first signal data generated under the first im-
age-capturing conditions, to be used for focus detection.
In addition, a selection unit 322 corresponding to a block
111a, to which a pixel with the second image-capturing
conditions applied thereto belongs, selects the second
signal data generated under the second image-capturing
conditions, to be used for focus detection. The control
unit 34 (AF operation unit 34d) then calculates a first de-
focus quantity based upon the first focus detection signal
data having been selected. The control unit 34 (AF op-
eration unit 34d) further calculates a second defocus
quantity based upon the second focus detection signal
data having been selected. The control unit 34 (AF op-
eration unit 34d) next executes focus detection process-
ing based upon the first defocus quantity and the second
defocus quantity. In more specific terms, the control unit
34 (AF operation unit 34d) calculates a lens drive dis-
tance by, for instance, calculating the average of the first
defocus quantity and the second defocus quantity. As an
alternative, the control unit 34 (AF operation unit 34d)
may select a value representing either the first defocus
quantity or the second defocus quantity, that indicates a
smaller drive distance for the lens. As a further alterna-
tive, the control unit 34 (AF operation unit 34d) may select
a value representing either the first defocus quantity or
the second defocus quantity that indicates that the sub-
ject is located closer to the camera.
[0282] In addition, when the focusing target subject is
present astride an area with the first image-capturing
conditions applied thereto and an area with the second
image-capturing conditions applied thereto, the control
unit 34 (AF operation unit 34d) may select the focus de-
tection photoelectric conversion signals generated in the
area occupied by the greater part of the subject. For in-
stance, 70% of the facial area, i.e., the focusing target
subject, may be present in the area with the first image-
capturing conditions applied thereto with the remaining
30% of the facial area in the second area, and in such
case, the control unit 34 (AF operation unit 34d) will select
the focus detection photoelectric conversion signals gen-
erated under the first image-capturing conditions. It is to
be noted that the areal ratio (%) described above simply
represents an example, in the present invention is not
limited to this example.

3. When Executing Subject Detection Processing

[0283] The processing executed when different image-
capturing conditions are set for different areas and a
search range 190 includes a boundary between areas
will be explained next.

3-1. When the image data available within the search
range 190 in Fig. 14 do not include both image data
obtained under the first image-capturing conditions
and image data obtained under the second image-
capturing conditions
In this case, the selection units 322 select the image
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data from all the pixels present in the search range
190 and output the selected image data to the gen-
eration unit 323. The control unit 34 (AF operation
unit 34d) executes subject detection processing by
using the image data obtained at the pixels within
the search range 190.
3-2. When the image data within the search range
190 in Fig. 14 include both image data obtained un-
der the first image-capturing conditions and image
data obtained under the second image-capturing
conditions

(a) When the first image-capturing conditions
and the second image-capturing conditions dif-
fer from each other only in the ISO sensitivity or
in the shutter speed, as in (example 1) or (ex-
ample 2) described earlier in reference to the
focus detection processing
Under these circumstances, the control unit 34
(object detection unit 34a) engages each selec-
tion unit 322 (first selection unit 151) corre-
sponding to a block 111a, to which a pixel with
the first image-capturing conditions applied
thereto belongs so as to select the image data
obtained under the first image-capturing condi-
tions to be used in the subject detection process-
ing, among the sets of image data available in
the search range 190, as illustrated in Fig. 24.
It is to be noted that Fig. 24 presents a schematic
diagram illustrating how first image data and
second image data are processed in relation to
the subject detection processing.
The control unit 34 (object detection unit 34a)
then executes the subject detection processing
by using the image data selected through the
data selection processing.
The control unit 34 (object detection unit 34a)
also engages each selection unit 322 (second
selection unit 152) corresponding to a block
111a, to which a pixel with the second image-
capturing conditions applied thereto belongs so
as to select the image data obtained under the
second image-capturing conditions to be used
in the subject detection processing, among the
sets of image data available in the search range
190. The control unit 34 (object detection unit
34a) then executes the subject detection
processing by using the image data selected
through the data selection processing. The con-
trol unit 34 (object detection unit 34a) is able to
detect a subject present within the search range
190 by combining the subject area detected
based upon the image data obtained under the
first image-capturing conditions and the subject
area detected based upon the image data ob-
tained under the second image-capturing con-
ditions at their boundary.
(b) When the first image-capturing conditions

and the second image-capturing conditions are
different from each other only in the frame rate,
as in (example 3) explained earlier in reference
to the focus detection processing

[0284] In this case, the control unit 34 (object detection
unit 34a) engages each selection unit 322 (first selection
unit 151) corresponding to a block 111a, to which a pixel
with the first image-capturing conditions applied thereto
belongs, so as to select the image data obtained under
the first image-capturing conditions to be used in the sub-
ject detection processing, among the sets of image data
available in the search range 190. The control unit 34
(object detection unit 34a) then executes the subject de-
tection processing by using the image data selected
through the data selection processing. In addition, the
control unit 34 (object detection unit 34a) engages each
selection unit 322 (second selection unit 152) corre-
sponding to a block 111a, to which a pixel with the second
image-capturing conditions applied thereto belongs, so
as to select only image data expressing frame images
that have been obtained with timing close to the timing
with which frame images have been obtained under the
first image-capturing conditions (30 fps), among the sets
of image data available in the search range 190, as the
image data corresponding to the second image-captur-
ing conditions (60 fps) to be used in the subject detection
processing. The control unit 34 (object detection unit 34a)
then executes the subject detection processing by using
the image data having been selected through the data
selection processing. The control unit 34 (object detec-
tion unit 34a) is able to detect a subject present within
the search range 190 by combining the subject area de-
tected based upon the image data obtained under the
first image-capturing conditions and the subject area de-
tected based upon the image data obtained under the
second image-capturing conditions at their boundary.
[0285] It is to be noted that if the search range 190 is
split over the first area and the second area with the first
area assuming a greater areal size than the second area,
only the image data obtained under the first image-cap-
turing conditions may be selected without selecting any
image data obtained under the second image-capturing
conditions. If, on the other hand, the second area as-
sumes a greater areal size than the first area, only the
image data obtained under the second image-capturing
conditions may be selected without selecting any image
data obtained under the first image-capturing conditions.

4. When Setting Image-Capturing Conditions

[0286] Data selection processing executed when ex-
posure conditions are determined by re-executing pho-
tometering operation with the imaging field divided into
a plurality of areas with different image-capturing condi-
tions set for different areas will be explained.

4-1. When the image data available within a photom-
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etering range do not include both image data ob-
tained under the first image-capturing conditions and
image data obtained under the second image-cap-
turing conditions
In this case, the selection units 322 select the image
data from all the pixels present in the photometering
range and output the selected data to the generation
unit 323. The control unit 34 (setting unit 34b) exe-
cutes exposure calculation processing by using the
image data obtained at the pixels within the photom-
etering range.
4-2. When the image data available within the pho-
tometering range include both image data obtained
under the first image-capturing conditions and image
data obtained under the second image-capturing
conditions

(a) When the first image-capturing conditions
and the second image-capturing conditions dif-
fer from each other only in the ISO sensitivity or
in the shutter speed, as in (example 1) or (ex-
ample 2) described earlier in reference to the
focus detection processing
Under these circumstances, the control unit 34
(object detection unit 34a) engages each selec-
tion unit 322 (first selection unit 151) corre-
sponding to a block 111a, to which a pixel with
the first image-capturing conditions applied
thereto belongs, so as to select the image data
obtained under the first image-capturing condi-
tions to be used in the subject detection process-
ing, among the sets of image data available in
the photometering range, as illustrated in Fig.
25 in a manner similar to that described in (a)
pertaining to the subject detection processing.
The control unit 34 (object detection unit 34a)
also engages each selection unit 322 corre-
sponding to a block 111a to which a pixel with
the second image-capturing conditions applied
thereto belongs, so as to select the image data
obtained under the second image-capturing
conditions to be used in the exposure calculation
processing, among the sets of image data avail-
able in the photometering range. It is to be noted
that Fig. 25 presents a schematic diagram illus-
trating how the first image data and the second
image data are processed when setting image-
capturing conditions through exposure calcula-
tion processing or the like.
The control unit 34 (setting unit 34b) then exe-
cutes exposure calculation processing individu-
ally for the area with the first image-capturing
conditions applied thereto and the area with the
second image-capturing conditions applied
thereto by using the image data selected
through the data selection processing. Namely,
the control unit 34 (setting unit 34b) executes
data selection processing so as to photometer

the individual areas and executes exposure cal-
culation processing by using the image data se-
lected through the data selection processing if
a plurality of areas with different image-captur-
ing conditions applied thereto are present within
the photometering range.
(b) When the first image-capturing conditions
and the second image-capturing conditions are
different from each other only in the frame rate,
as in (example 3) explained earlier in reference
to the focus detection processing

[0287] In this case, the control unit 34 (object detection
unit 34a) engages each selection unit 322 corresponding
to a block 111a, to which a pixel with the first image-
capturing conditions applied thereto belongs, so as to
select the image data obtained under the first image-
capturing conditions to be used in the exposure calcula-
tion processing, among the sets of image data available
in the photometering range, as has been described in (b)
in relation to the subject detection processing. In addition,
the control unit 34 (object detection unit 34a) engages
each selection unit 322 corresponding to a block 111a
to which a pixel with the second image-capturing condi-
tions applied thereto belongs, so as to select only image
data expressing frame images that have been obtained
with timing close to the timing with which frame images
have been obtained under the first image-capturing con-
ditions (30 fps), among the sets of image data available
in the photometering range, as the image data corre-
sponding to the second image-capturing conditions (60
fps) to be used in the exposure calculation processing,
as in (example 3) explained in relation to the focus de-
tection processing.
[0288] The control unit 34 (setting unit 34b) then exe-
cutes the exposure calculation processing by using the
image data selected through the data selection process-
ing as in (a) above.
[0289] It is to be noted that if the photometering range
is split over the first area and the second area with the
first area assuming a greater areal size than the second
area, only the image data obtained under the first image-
capturing conditions may be selected without selecting
any image data obtained under the second image-cap-
turing conditions. If, on the other hand, the second area
assumes a greater areal size than the first area, only the
image data obtained under the second image-capturing
conditions may be selected without selecting any image
data obtained under the first image-capturing conditions.
[0290] The following advantages and operations are
achieved through the third embodiment described above.

(1) The camera 1C includes an image sensor 32a
capable of capturing images under image-capturing
conditions set from one unit block to another defined
at the image-capturing surface thereof, which gen-
erates first image data from a first area made up with
at least one unit block by capturing an image under
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first image-capturing conditions, and second image
data from a second area made up with at least one
unit block by capturing an image under second im-
age-capturing conditions different from the first im-
age-capturing conditions. The camera 1C includes
a plurality of selection units 322, each disposed in
correspondence to one of the unit blocks or in cor-
respondence to a combined block made up with a
plurality of unit blocks. The plurality of selection units
322 each either select or do not select the image
data from the corresponding unit block or from the
unit blocks making up the corresponding combined
block. The image sensor 32a is disposed at a back-
side illumination image-capturing chip 111. The plu-
rality of selection units 322 are disposed at an image-
capturing chip 114.
These structural features make it possible to concur-
rently execute data selection processing to select
image data at the plurality of selection units 322 and,
as a result, the processing onus on the individual
selection units 322 is reduced.
(2) The back-side illumination image-capturing chip
111 and the image processing chip 114 are stacked
one upon the other. This means that the image sen-
sor 32a and the image processing unit 32c can
achieve connection with ease.
(3) The camera 1C includes a generation unit 323
that generates an image by using the selected image
data, having been selected via the selection units
322. Since the preliminary processing can be exe-
cuted by the plurality of selection units 322 through
concurrent processing, the length of time required
for image generation can be reduced.
(4) The camera 1C includes an image sensor 32a
capable of capturing images under different image-
capturing conditions set from one unit block to an-
other defined at the image-capturing surface thereof,
which generates first image data from a first area
made up with at least one unit block by capturing an
optical image formed with light having entered there-
in via an image-capturing optical system, under first
image-capturing conditions, and second image data
from a second area made up with at least one unit
block by capturing an optical image formed with light
having entered therein under second image-captur-
ing conditions different from the first image-capturing
conditions. The camera 1C includes a plurality of se-
lection units 322, each disposed in correspondence
to one of the unit blocks or in correspondence to a
combined block made up with a plurality of unit
blocks. The plurality of selection units 322 each ei-
ther select or do not select the image data from the
corresponding unit block or from the unit blocks mak-
ing up the corresponding combined block. The cam-
era 1C also includes an AF operation unit 34d that
detects information used to drive the image-captur-
ing optical system based upon the image data having
been selected. The image sensor 32a is disposed

at a back-side illumination image-capturing chip 111.
The plurality of correction units 322 are disposed at
an image-capturing chip 114.
These structural features make it possible to concur-
rently execute data selection processing to select
image data at the plurality of selection units 322 and,
as a result, the processing onus on the individual
selection units 322 is reduced. Furthermore, since
the preliminary processing can be executed quickly
by the plurality of selection units 322 through parallel
processing, the length of time to elapse before the
AF operation unit 34d can start executing the focus
detection processing is reduced, thereby making it
possible to speed up the focus detection processing.
(5) The camera 1C includes an image sensor 32a
capable of capturing images under different image-
capturing conditions set from one unit block to an-
other defined at the image-capturing surface thereof,
which generates first image data from a first area
made up with at least one unit block by capturing a
subject image formed with light having entered there-
in via an image-capturing optical system, under first
image-capturing conditions, and second image data
from a second area made up with at least one unit
block by capturing a subject image formed with light
having entered therein under second image-captur-
ing conditions different from the first image-capturing
conditions. The camera 1C includes a plurality of se-
lection units 322, each disposed in correspondence
to one of the unit blocks or in correspondence to a
combined block made up with a plurality of unit
blocks. The plurality of selection units 322 each ei-
ther select or do not select the image data from the
corresponding unit block or from the unit blocks mak-
ing up the corresponding combined block. The cam-
era 1C also includes an object detection unit 34a that
detects a target object in the subject image based
upon the selected image data having been selected.
The image sensor 32a is disposed at a back-side
illumination image-capturing chip 111. The plurality
of correction units 322 are disposed at an image-
capturing chip 114.
These structural features make it possible to concur-
rently execute data selection processing to select
image data at the plurality of selection units 322 and,
as a result, the processing onus on the individual
selection units 322 is reduced. Furthermore, since
the preliminary processing can be executed quickly
by the plurality of selection units 322 through parallel
processing, the length of time to elapse before the
object detection unit 34a can start executing subject
detection processing is reduced, thereby making it
possible to speed up the subject detection process-
ing.
(6) The camera 1C includes an image sensor 32a
capable of capturing images under different image-
capturing conditions set from one unit block to an-
other defined at the image-capturing surface thereof,
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which generates first image data from a first area
made up with at least one unit block by capturing an
optical image, formed with light having entered there-
in via an image-capturing optical system, under first
image-capturing conditions, and second image data
from a second area made up with at least one unit
block by capturing an image formed with light having
entered therein under second image-capturing con-
ditions different from the first image-capturing con-
ditions. The camera 1C includes a plurality of selec-
tion units 322, each disposed in correspondence to
one of the unit blocks or in correspondence to a com-
bined block made up with a plurality of unit blocks.
The plurality of selection units 322 each either select
or do not select the image data from the correspond-
ing unit block or from the unit blocks making up the
corresponding combined block. The camera 1C also
includes a setting unit 34b that sets photographing
conditions based upon the selected image data hav-
ing been selected. The image sensor 32a is disposed
at a back-side illumination image-capturing chip 111.
The plurality of correction units 322 are disposed at
an image-capturing chip 114.

[0291] These structural features make it possible to
concurrently execute data selection processing to select
image data at the plurality of selection units 322 and, as
a result, the processing onus on the individual selection
units 322 is reduced. Furthermore, since the preliminary
processing can be executed quickly by the plurality of
selection units 322 through parallel processing, the
length of time to elapse before the AF setting unit 34b
can start executing image-capturing condition setting
processing is reduced, thereby making it possible to
speed up the image-capturing condition setting process-
ing.

(Variations of the Third Embodiment)

[0292] The following variations are also within the
scope of the present invention, and one of the variations
or a plurality of variations may be adopted in combination
with the embodiment described above.

(Variation 10)

[0293] An explanation will be given on how first image
data and second image data are processed with the first
area and the second area set at the image-capturing sur-
face of the image sensor 32a, as shown in Fig. 16(a)
through Fig. 16(c) in reference to which Variation 1 of the
first and second embodiments have been described.
[0294] In this variation, too, pixel signals read out from
the image sensor 32a having captured an image for one
frame are used to generate a first image based upon
image signals read out from the first area and a second
image based upon image signals read out from the sec-
ond area, as in Variation 1, in each of the examples pre-

sented in Fig. 16(a) through Fig. 16(c). In this variation,
the control unit 34 uses the first image as a display image
and uses the second image for purposes of detection,
as in Variation 1.
[0295] It is assumed that first image-capturing condi-
tions are set for the first area where the first image is
captured and that second image-capturing conditions dif-
ferent from the first image-capturing conditions are set
for the second area where the second image is captured.

1. An example in which the first image-capturing con-
ditions are uniform over the entire first area at the
image-capturing surface and the second image-cap-
turing conditions, too, are uniform over the entire
second area at the image-capturing surface, will be
explained in reference to Fig. 26. Fig. 26 presents a
schematic diagram illustrating how first image data
and second image data are processed.
First image data obtained by capturing an image un-
der the first image-capturing conditions are output
from each of the pixels present in the first area 141,
whereas second image data and second signal data
obtained by capturing an image under the second
image-capturing conditions are output from each of
the pixels present in the second area 142. The first
image data from the first area 141 are output to the
first selection unit 151. Likewise, the second image
data and the second signal data from the second
area 142 are output to the second selection unit 152.
In this example, uniform first image-capturing con-
ditions are set for the entire first area at the image-
capturing surface and accordingly, the first selection
unit 151 selects the first image data from all the pixels
present in the first area. In addition, since uniform
second image-capturing conditions are set for the
entire second area at the image-capturing surface,
the second selection unit 152 selects the second im-
age data from all the pixels present in the second
area. It is to be noted that since the first image-cap-
turing conditions and the second image-capturing
conditions are different from each other, the second
selection unit 152 does not select the second image
data as data to be used in the image processing ex-
ecuted for the image data in the first area.
In addition, the second selection unit 152 receives
the information 181 pertaining to the first image-cap-
turing conditions from, for instance, the first selection
unit 151.
The generation unit 323 executes image processing
such as defective pixel correction processing, color
interpolation processing, edge enhancement
processing and noise reduction processing based
upon the first image data provided via the first selec-
tion unit 151 and outputs image data having under-
gone the image processing.
The object detection unit 34a executes processing
so as to detect subject elements based upon the
second image data provided via the second selection
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unit 152 and outputs the detection results.
The setting unit 34b executes image-capturing con-
dition calculation processing such as exposure cal-
culation processing based upon the second image
data provided via the second selection unit 152.
Then, based upon the calculation results, it divides
the image-capturing surface at the image-capturing
unit 32 into a plurality of areas containing detected
subject elements and resets image-capturing condi-
tions for the plurality of areas.
The AF operation unit 34d executes focus detection
processing based upon the second signal data pro-
vided via the second selection unit 152 and outputs
a drive signal, generated based upon the arithmetic
operation results, to be used to drive the focus lens
in the image-capturing optical system 31 to the in-
focus position.
2. Another example in which the first image-captur-
ing conditions are altered depending upon the loca-
tion at the image-capturing surface, i.e., different first
image-capturing conditions are set from one areal
portion to another within the first area, and uniform
second image-capturing conditions are set for the
entire second area at the image-capturing surface,
will be explained in reference to Fig. 27. Fig. 27
presents a schematic diagram illustrating how first
image data, second image data and second signal
data are processed.
First image data obtained by capturing an image un-
der the first image-capturing conditions are output
from each of the pixels present in the first area 141,
whereas second image data or second signal data
obtained by capturing an image under the second
image-capturing conditions are output from each of
the pixels present in the second area 142. The first
image data from the first area 141 are output to the
first selection unit 151. Likewise, the second image
data from the second area are output to the second
selection unit 152.
As described earlier, the first image-capturing con-
ditions are altered depending upon the location at
the image-capturing surface in this example. In other
words, different first image-capturing conditions are
set for different areal portions within the first area.
The first selection unit 151 selects only first image
data obtained under specific image-capturing con-
ditions, among the sets of first image data obtained
at the individual pixels present in the first area but
does not select first image data obtained under other
image-capturing conditions. In addition, since uni-
form second image-capturing conditions are set for
the entire second area at the image-capturing sur-
face, the second selection unit 152 selects the sec-
ond image data at all the pixels present in the second
area. It is to be noted that since the first image-cap-
turing conditions and the second image-capturing
conditions are different from each other, the second
selection unit 152 does not select the second image

data as data to be used in the image processing ex-
ecuted for the image data in the first area.
In addition, the second selection unit 152 receives
the information 181 pertaining to the first image-cap-
turing conditions from, for instance, the first selection
unit 151.
The generation unit 323 executes image processing
such as defective pixel correction processing, color
interpolation processing, edge enhancement
processing and noise reduction processing based
upon the part of the first image data having been
selected via the first selection unit 151 and outputs
image data having undergone the image processing.
The object detection unit 34a executes processing
so as to detect subject elements based upon the
second image data provided via the second selection
unit 152 and outputs the detection results.
The setting unit 34b executes image-capturing con-
dition calculation processing such as exposure cal-
culation processing based upon the second image
data provided via the second selection unit 152.
Then, based upon the calculation results, it divides
the image-capturing surface at the image-capturing
unit 32 into a plurality of areas containing detected
subject elements and resets image-capturing condi-
tions for the plurality of areas.
The AF operation unit 34d executes focus detection
processing based upon the second signal data, gen-
erated based upon the arithmetic operation results
provided via the second selection unit 152 and out-
puts a drive signal to be used to drive the focus lens
in the image-capturing optical system 31 to the in-
focus position.
3. Yet another example in which uniform first image-
capturing conditions are set for the first area at the
image-capturing surface, but the second image-cap-
turing conditions are altered depending upon the lo-
cation at the image-capturing surface, i.e., different
second image-capturing conditions are set for differ-
ent areal portions within the second area, will be ex-
plained in reference to Fig. 28. Fig. 28 presents a
schematic diagram illustrating how first image data,
and second image data are processed.
First image data obtained by capturing an image un-
der the first image-capturing conditions, uniformly
set for the entire first area at the image-capturing
surface, are output from each of the pixels present
in the first area 141, whereas second image data
obtained by capturing an image under the second
image-capturing conditions, which are altered de-
pending upon the location at the image-capturing
surface, are output from each of the pixels present
in the second area 142. The first image data from
the first area 141 are output to the first selection unit
151. Likewise, the second image data and second
signal data from the second area 142 are output to
the second selection unit 152.
In the example, uniform first image-capturing condi-
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tions are set for the entire first area at the image-
capturing surface and accordingly, the first selection
unit 151 selects the first image data from all the pixels
present in the first area. In addition, the second im-
age-capturing conditions are altered depending up-
on the location at the image-capturing surface. In
other words, different second image-capturing con-
ditions are set from one areal portion to another with-
in the second area. The second selection unit 152
selects only second image data generated under
specific image-capturing conditions among the sets
of second image data generated at the individual pix-
els present in the second area but does not select
second image data generated under other image-
capturing conditions. It is to be noted that since the
first image-capturing conditions and the second im-
age-capturing conditions are different from each oth-
er, the second selection unit 152 does not select the
second image data as data to be used in the image
processing executed for the image data in the first
area.
In addition, the second selection unit 152 receives
the information 181 pertaining to the first image-cap-
turing conditions from, for instance, the first selection
unit 151.
The generation unit 323 executes image processing
such as defective pixel correction processing, color
interpolation processing, edge enhancement
processing and noise reduction processing based
upon the first image data provided via the first selec-
tion unit 151 and outputs image data having under-
gone the image processing.
The object detection unit 34a executes processing
so as to detect subject elements based upon the part
of the second image data selected via the second
selection unit 152, and outputs the detection results.
The setting unit 34b executes image-capturing con-
dition calculation processing such as exposure cal-
culation processing based upon the part of the sec-
ond image data selected via the second selection
unit 152. Then, based upon the calculation results,
it divides the image-capturing surface at the image-
capturing unit 32 into a plurality of areas containing
detected subject elements and resets image-captur-
ing conditions for the plurality of areas.
The AF operation unit 34d executes focus detection
processing based upon the part of the second signal
data selected via the second selection unit 152 and
outputs a drive signal, generated based upon the
arithmetic operation results, to be used to drive the
focus lens in the image-capturing optical system 31
to the in-focus position.
4. A further example in which the first image-captur-
ing conditions are altered depending upon the loca-
tion at the image-capturing surface and the second
image-capturing conditions are also altered depend-
ing upon the location at the image-capturing surface,
will be explained in reference to Fig. 29. Fig. 29

presents a schematic diagram illustrating how first
image data, second image data and second signal
data are processed.

[0296] First image data obtained by capturing an image
under the first image-capturing conditions, which are al-
tered depending upon the location at the image-capturing
surface, are output from each pixel present in the first
area 141 and second image data or second signal data,
obtained by capturing an image under the second image-
capturing conditions, which are altered depending upon
the location at the image-capturing surface, are output
from each pixel present in the second area 142. The first
image data from the first area 141 are output to the first
selection unit 151. Likewise, the second image data and
the second signal data from the second area 142 are
output to the second selection unit 152.
[0297] As described earlier, the first image-capturing
conditions are altered depending upon the location at the
image-capturing surface in this example. In other words,
different first image-capturing conditions are set for dif-
ferent areal portions within the second area. The first
selection unit 151 selects only first image data obtained
under specific image-capturing conditions, among the
sets of first image data obtained at the individual pixels
present in the first area but does not select first image
data obtained under other image-capturing conditions.
In addition, the second image-capturing conditions are
altered depending upon the location at the image-cap-
turing surface. In other words, different second image-
capturing conditions are set for different areal portions
within the second area. The second selection unit 152
selects only second image data obtained under specific
image-capturing conditions, among the sets of second
image data obtained at the individual pixels present in
the second area but does not select second image data
obtained under other image-capturing conditions. It is to
be noted that since the first image-capturing conditions
and the second image-capturing conditions are different
from each other, the second selection unit 152 does not
select the second image data as data to be used in the
image processing executed for the image data in the first
area.
[0298] In addition, the second selection unit 152 re-
ceives the information 181 pertaining to the first image-
capturing conditions from, for instance, the first selection
unit 151.
[0299] The generation unit 323 executes image
processing such as defective pixel correction processing,
color interpolation processing, edge enhancement
processing and noise reduction processing based upon
the part of the first image data selected via the first se-
lection unit 151, and outputs image data having under-
gone the image processing.
[0300] The object detection unit 34a executes process-
ing so as to detect subject elements based upon the part
of the second image data selected via the second selec-
tion unit 152 and outputs the detection results.
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[0301] The setting unit 34b executes image-capturing
condition calculation processing such as exposure cal-
culation processing based upon the part of the second
image data selected via the second selection unit 152.
Then, based upon the calculation results, it divides the
image-capturing surface at the image-capturing unit 32
into a plurality of areas containing detected subject ele-
ments and resets image-capturing conditions for the plu-
rality of areas.
[0302] The AF operation unit 34d executes focus de-
tection processing based upon the part of the second
signal data selected via the second selection unit 152
and outputs a drive signal, generated based upon the
arithmetic operation results, to be used to drive the focus
lens in the image-capturing optical system 31 to the in-
focus position.

(Variation 11)

[0303] In the third embodiment described above, one
selection unit 322 corresponds to a single block 111a
(unit block). However, the selection units 322 may be
each disposed in correspondence to a combined block
made up with a plurality of blocks 111a (unit blocks). In
such a case, each selection unit 322 sequentially exe-
cutes data selection processing for sets of image data
output from the pixels belonging to the plurality of blocks
111a included in the corresponding combined block.
Even though the plurality of selection units 322 are each
provided in correspondence to a combined block made
up with a plurality of blocks 111a, the plurality of selection
units 322 can be engaged in parallel image data selection
processing, which makes it possible to reduce the
processing onus on the individual selection units 322 and
generate an optimal image in a shorter period of time by
using image data individually generated in areas with dif-
ferent image-capturing conditions applied thereto.

(Variation 12)

[0304] The generation unit 323 in the third embodiment
described above is disposed within the image-capturing
unit 32A. As an alternative, the generation unit 323 may
be disposed outside the image-capturing unit 32A. The
configuration with an external generation unit 323 dis-
posed outside the image-capturing unit 32A, too,
achieves advantages and operations similar to the ad-
vantages and operations described earlier.

(Variation 13)

[0305] The stacked image sensor 100A in the third em-
bodiment described above further includes an image
processing chip 114 engaged in the preliminary process-
ing and image processing explained earlier, in addition
to the back-side illumination image-capturing chip 111,
the signal processing chip 112 and the memory chip 113.
However, the present invention may be adopted in a con-

figuration with an image processing unit 32c disposed at
the signal processing chip 112 in place of the image
processing chip 114 included in the stacked image sen-
sor 100A.
[0306] It is to be noted that the various embodiments
and variations thereof may be adopted in any combina-
tion.
[0307] While various embodiments and variations
thereof have been described above, the present inven-
tion is in no way limited to the particulars of these exam-
ples. Any mode conceivable within the scope of the tech-
nical teachings of the present invention is also within the
scope of the present invention.
[0308] The devices described below are also part of
the embodiments and variations thereof explained earli-
er.

(1) An image-capturing device comprising an image
sensor that includes an image-capturing area where
an image of a subject is captured, a setting unit that
sets image-capturing conditions to be applied to the
image-capturing area, a selection unit that selects
pixels to be used for interpolation among pixels
present in the image-capturing area and a genera-
tion unit that generates an image of the subject cap-
tured in the image-capturing area with signals gen-
erated through interpolation executed by using sig-
nals output from the pixels selected by the selection
unit. In this image-capturing device, the selection unit
makes a change in the selection of at least some of
the pixels to be selected depending upon the image-
capturing conditions set by the setting unit.
(2) An image-capturing device such as that de-
scribed in (1), in which the image sensor includes a
first image-capturing area where an image of a sub-
ject is captured and a second image-capturing area
where an image of the subject is captured, the setting
unit sets image-capturing conditions for the first im-
age-capturing area and image-capturing conditions
for the second image-capturing area, the selection
unit makes a change in the selection of at least some
of the pixels to be selected for purposes of interpo-
lation executed for a pixel present in the first image-
capturing area, among pixels present in the first im-
age-capturing area and pixels present in the second
image-capturing area, depending upon the image-
capturing conditions set for the second image-cap-
turing area by the setting unit, and the generation
unit generates an image of the subject captured in
the first image-capturing area with signals generated
through interpolation by using signals output from
the pixels selected by the selection unit.
(3) An image-capturing device such as that de-
scribed in (2), in which the selection unit makes a
change in the selection of at least some of the pixels
to be selected for purposes of interpolation executed
for a pixel present in the first image-capturing area
depending upon the image-capturing conditions set
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for the first image-capturing area and the image-cap-
turing conditions set for the second image-capturing
area by the setting unit.
(4) An image-capturing device such as that de-
scribed in (2) or (3), in which the selection unit selects
pixels to be used for the interpolation from at least
either the first image-capturing area or the second
image-capturing area.
(5) An image-capturing device such as that de-
scribed in (4), in which the selection unit selects a
pixel present in the second image-capturing area as
a pixel to be used for the interpolation based upon
the image-capturing conditions set for the second
image-capturing area by the setting unit.
(6) An image-capturing device such as that de-
scribed in any of (2) through (5), in which if first im-
age-capturing conditions are set for the first image-
capturing area and the second image-capturing area
by the setting unit, the selection unit selects a pixel
present in the second image-capturing area.
(7) An image-capturing device such as that de-
scribed in (6), in which the selection unit selects a
pixel present in the second image-capturing area as
a pixel to be used for the interpolation based upon
a value pertaining to exposure included in the image-
capturing conditions set for the second image-cap-
turing area by the setting unit.
(8) An image-capturing device such as that de-
scribed in (7), in which the selection unit selects a
pixel present in the second image-capturing area as
a pixel to be used for the interpolation based upon
a value pertaining to exposure included in the image-
capturing conditions set for the first image-capturing
area by the setting unit, and a value pertaining to
exposure included in the image-capturing conditions
set for the second image-capturing area by the set-
ting unit.
(9) An image-capturing device such as that de-
scribed in (8), in which the selection unit selects a
pixel present in the second image-capturing area as
a pixel to be used for the interpolation if a difference
between an exposure value included in the image-
capturing conditions set for the first image-capturing
area by the setting unit and an exposure value in-
cluded in the image-capturing conditions set for the
second image-capturing area by the setting unit is
equal to or less than 0.3.
(10) An image-capturing device such as that de-
scribed in any of (2) through (9), in which the selec-
tion unit selects pixels present in the first image-cap-
turing area if the setting unit sets first image-captur-
ing conditions for the first image-capturing area and
second image-capturing conditions for the second
image-capturing area.
(11) An image-capturing device such as that de-
scribed in (10), in which the selection unit selects
pixels present in the first image-capturing area with-
out selecting any pixel present in the second image-

capturing area if the setting unit sets first image-cap-
turing conditions for the first image-capturing area
and second image-capturing conditions for the sec-
ond image-capturing area.
(12) An image-capturing device such as that de-
scribed in any of (2) through (11), in which the se-
lection unit selects as a pixel to be used for interpo-
lation executed for a first pixel present in the first
image-capturing area, a third pixel present in the first
image-capturing area set apart from the first pixel by
a distance greater than a distance setting apart the
first pixel from a second pixel present in the second
image-capturing area.
(13) An image-capturing device such as that de-
scribed in any of (2) through (12), in which the se-
lection unit selects a varying number of pixels de-
pending upon the image-capturing conditions set for
the second image-capturing area by the setting unit.
(14) An image-capturing device such as that de-
scribed in (13), in which the selection unit selects a
smaller number of pixels if the setting unit sets first
image-capturing conditions for the first image-cap-
turing area and second image-capturing conditions
for the second image-capturing area, compared to
the number of pixels selected when the first image-
capturing conditions are set for the first image-cap-
turing area and the second image-capturing area.
(15) An image-capturing device comprising an im-
age sensor that includes a first image-capturing area
set so as to capture an image of a subject under first
image-capturing conditions, a second image-captur-
ing area set so as to capture an image of the subject
under second image-capturing conditions different
from the first image-capturing conditions and a third
image-capturing area set so as to capture an image
of the subject under third image-capturing conditions
different from the second image-capturing condi-
tions, a selection unit that selects pixels to be used
for purposes of interpolation executed for a pixel
present in the first image-capturing area among pix-
els present in the second image-capturing area and
pixels present in the third image-capturing area, and
a generation unit that generates an image of the sub-
ject captured in the first image-capturing area with
signals generated through interpolation executed by
using signals output from the pixels selected by the
selection unit.
(16) An image-capturing device comprising an im-
age sensor that includes a first image-capturing area
set so as to capture an image of a subject under first
image-capturing conditions and a second image-
capturing area set so as to capture an image of the
subject under second image-capturing conditions
different from the first image-capturing conditions, a
selection unit that selects pixels to be used for pur-
poses of interpolation executed for a pixel present
in the first image-capturing area among pixels
present in the first image-capturing area and pixels
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present in the second image-capturing area, and a
generation unit that generates an image of the sub-
ject captured in the first image-capturing area with
signals generated through interpolation executed by
using signals output from the pixels selected by the
selection unit.
(17) An image-capturing device comprising an im-
age sensor that includes a first image-capturing area
where an image of a subject is captured, a second
image-capturing area where an image of the subject
is captured and a third image-capturing area where
an image of the subject is captured, a setting unit
that sets first image-capturing conditions as image-
capturing conditions for the first image-capturing ar-
ea, sets second image-capturing conditions, differ-
ent from the first image-capturing conditions, as im-
age-capturing conditions for the second image-cap-
turing area and sets third image-capturing condi-
tions, different from the first image-capturing condi-
tions by an extent smaller than an extent of the dif-
ference between the first image-capturing conditions
and the second image-capturing conditions, as im-
age-capturing conditions for the third image-captur-
ing area, a selection unit that selects pixels to be
used for purposes of interpolation executed for a pix-
el present in the first image-capturing area among
pixels present in the first image-capturing area, pix-
els present in the second image-capturing area and
pixels present in the third image-capturing area, and
a generation unit that generates an image of the sub-
ject captured in the first image-capturing area with
signals generated through interpolation executed by
using signals output from the pixels selected by the
selection unit.
(18) An image-capturing device comprising an im-
age sensor that includes a first image-capturing area
where an image of a subject is captured, a second
image-capturing area where an image of the subject
is captured and a third image-capturing area where
an image of the subject is captured, set apart from
the first image-capturing area by a distance greater
than the distance between the first image-capturing
area and the second image-capturing area, a setting
unit that sets image-capturing conditions different
from the image-capturing conditions selected for the
first image-capturing area, as image-capturing con-
ditions for the second image-capturing area, a se-
lection unit that selects pixels to be used for purposes
of interpolation executed for a pixel present in the
first image-capturing area from pixels present in the
first image-capturing area, pixels present in the sec-
ond image-capturing area and pixels present in the
third image-capturing area, and a generation unit
that generates an image of the subject captured in
the first image-capturing area with signals generated
through interpolation executed by using signals out-
put from the pixels selected by the selection unit.
(19) An image-capturing device comprising an im-

age sensor that includes an image-capturing area
where an image of a subject is captured, a setting
unit that sets image-capturing conditions to be ap-
plied to the image-capturing area, and a generation
unit that generates an image of a subject captured
in the image-capturing area with signals generated
through interpolation executed by using signals out-
put from pixels selected as pixels to be used for pur-
poses of interpolation, and present in the image-cap-
turing area. In this image-capturing device, a change
is made in the selection of at least some of the pixels
to be selected depending upon the image-capturing
conditions set by the setting unit.
(20) An image-capturing device comprising an im-
age sensor that includes a first image-capturing area
set so as to capture an image of a subject under first
image-capturing conditions and a second image-
capturing area set so as to capture an image of the
subject under second image-capturing conditions
different from the first image-capturing conditions,
and a generation unit that generates an image of the
subject captured in the first image-capturing area
with signals generated through interpolation execut-
ed by using signals output from pixels selected as
pixels to be used for purposes of interpolation exe-
cuted for a pixel present in the first image-capturing
area among pixels present in the first image-captur-
ing area and pixels present in the second image-
capturing area.
(21) An image-capturing device comprising an im-
age sensor that includes an image-capturing area
where an image of a subject is captured, a setting
unit that sets image-capturing conditions to be ap-
plied to the image-capturing area and a generation
unit that generates an image of the subject captured
in the image-capturing area with signals generated
through noise reduction executed by using signals
output from pixels that output noise reduction sig-
nals, selected from pixels present in the image-cap-
turing area. In the image-capturing device, a change
is made in the selection of at least some of the pixels
to be selected depending upon the image-capturing
conditions set by the setting unit.
(22) An image-capturing device comprising an im-
age sensor that includes a first image-capturing area
set so as to capture an image of a subject under first
image-capturing conditions, a second image-captur-
ing area set so as to capture an image of the subject
under second image-capturing conditions different
from the first image-capturing conditions and a third
image-capturing area set so as to capture an image
of the subject under third image-capturing conditions
different from the second image-capturing condi-
tions, a selection unit that selects pixels to be used
to reduce noise for a pixel present in the first image-
capturing area among pixels present in the second
image-capturing area and pixels present in the third
image-capturing area, and a generation unit that
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generates an image of the subject captured in the
first image-capturing area with signals having under-
gone noise reduction executed by using signals out-
put from the pixels selected from the pixels present
in the second image-capturing area and the pixels
present in the third image-capturing area as pixels
to output signals to be used to reduce noise in a
signal at a pixel present in the first image-capturing
area.
(23) An image-capturing device comprising an im-
age sensor that includes a first image-capturing area
set so as to capture an image of a subject under first
image-capturing conditions and a second image-
capturing area set so as to capture an image of the
subject under second image-capturing conditions
different from the first image-capturing conditions
and a generation unit that generates an image of the
subject captured in the first image-capturing area
with signals generated through interpolation execut-
ed by using signals output from pixels selected from
pixels present in the first image-capturing area and
pixels present in the second image-capturing area,
as pixels to output signals to be used to reduce noise
for a pixel present in the first image-capturing area.
(24) An image-capturing device comprising an im-
age sensor that includes an image-capturing area
where an image of a subject is captured, a setting
unit that sets image-capturing conditions to be ap-
plied to the image-capturing area, and a generation
unit that generates an image of the subject captured
in the image-capturing area with signals having un-
dergone image processing executed by using sig-
nals output from pixels selected as pixels to be used
in image processing. In this image-capturing device,
a change is made in the selection of at least some
of the pixels to be selected depending upon the im-
age-capturing conditions set by the setting unit.
(25) An image processing device comprising a se-
lection unit that selects signals to be used for pur-
poses of interpolation, among signals output from
pixels present in an image-capturing area of an im-
age sensor, and a generation unit that generates an
image of a subject captured in the image-capturing
area with signals generated through interpolation ex-
ecuted by using the signals selected by the selection
unit. The selection unit in the image processing de-
vice makes a change in selection of at least some
of the pixels to be selected depending upon the im-
age-capturing conditions set for the image-capturing
area.
(26) An image processing device comprising a se-
lection unit that selects signals to be used for noise
reduction, from signals output from pixels present in
an image-capturing area of an image sensor, and a
generation unit that generates an image of a subject
captured in the image-capturing area with signals
having undergone noise reduction executed by us-
ing the signals selected by the selection unit. The

selection unit in the image processing device makes
a change in selection of at least some of the pixels
to be selected depending upon the image-capturing
conditions set for the image-capturing area.
(27) An image processing device comprising a se-
lection unit that selects signals to be used for pur-
poses of interpolation, among signals output from
pixels present in an image-capturing area of an im-
age sensor, and a display unit that brings up on dis-
play an image of a subject captured in the image-
capturing area, generated with signals generated
through interpolation executed by using the signals
selected by the selection unit. The selection unit in
the image processing device makes a change in se-
lection of at least some of the pixels to be selected
depending upon the image-capturing conditions set
for the image-capturing area.
(28) An image processing device comprising a se-
lection unit that selects signals to be used for noise
reduction, among signals output from pixels present
in an image-capturing area of an image sensor, and
a display unit that brings up on display an image of
a subject captured in the image-capturing area, gen-
erated with signals having undergone noise reduc-
tion executed by using the signals selected by the
selection unit. The selection unit in the image
processing device makes a change in selection of
at least some of the pixels to be selected depending
upon the image-capturing conditions set for the im-
age-capturing area.

[0309] Furthermore, the devices described below are
also part of the embodiments and variations thereof ex-
plained earlier.

(1) An image-capturing device comprising an image
sensor that includes a first area from which first im-
age data obtained by capturing an image formed with
light having entered therein under first image-cap-
turing conditions are output, a second area from
which second image data obtained by capturing an
image formed with light having entered therein under
second image-capturing conditions different from
the first image-capturing conditions are output, and
a third area from which third image data obtained by
capturing an image formed with light having entered
therein under the first image-capturing conditions
are output, and an image processing unit that gen-
erates an image based upon first image data result-
ing from image processing executed by using the
second image data and at least either the first image
data or the third image data.
(2) An image-capturing device such as that de-
scribed in (1), in which the image processing unit
executes the image processing for first image data
by using the third image data without using the sec-
ond image data.
(3) An image-capturing device such as that in (2), in
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which the first image data are output from a pixel at
a first position in the first area, the second image
data are output from a pixel at a second position in
the second area, the third image data are output from
a pixel at a third position in the first area, and a dis-
tance between the first position and the third position
is greater than a distance between the first position
and the second position.
(4) An image-capturing device such as that de-
scribed in any of (1) through (3), in which the image
sensor includes a fourth area from which fourth im-
age data, obtained by capturing an image formed
with light having entered therein under the second
image-capturing conditions, are output and the im-
age processing unit generates an image based upon
second image data, resulting from image processing
executed by using the first image data resulting from
the image processing described earlier and at least
either the second image data or the fourth image
data.
(5) An image-capturing device comprising an image
sensor that includes a first area from which first im-
age data obtained by capturing an image formed with
light having entered therein under first image-cap-
turing conditions are output, and a second area from
which second image data obtained by capturing an
image formed with light having entered therein under
second image-capturing conditions different from
the first image-capturing conditions are output, and
an image processing unit that generates an image
based upon first image data resulting from image
processing executed by using the first image data
and the second image data.
(6) An image-capturing device such as that de-
scribed in (5), in which the image processing unit
executes the image processing for first image data
by using the first image data without using the second
image data.
(7) An image-capturing device such as that de-
scribed in (6), in which the image processing unit
generates an image based upon second image data
resulting from image processing executed by using
the second image data, and the first image data re-
sulting from the image processing described above.
(8) An image-capturing device such as that de-
scribed in any of (1) through (7), in which a plurality
of sets of first image data are output from the first
area and the image processing unit executes image
processing on a set of processing target first image
data, among the plurality of sets of first image data,
by using another set of first image data among the
plurality of sets of first image data.
(9) An image-capturing device such as that de-
scribed in (8), in which the first image data are output
from a pixel at a first position in the first area, the
second image data are output from a pixel at a sec-
ond position in the second area, the other set of first
image data is output from a pixel at a third position

in the first area, and the distance between the first
position and the third position is greater than the dis-
tance between the first position and the second po-
sition.
(10) An image-capturing device such as that de-
scribed in any of (1) through (9), in which the first
image-capturing conditions and the second image-
capturing conditions both include at least either an
accumulation time setting or an ISO sensitivity set-
ting.
(11) An image-capturing device such as that de-
scribed in any of (1) through (10), in which the image
processing unit processes the first image data by
executing at least defective pixel correction process-
ing, color interpolation processing, edge enhance-
ment processing or noise reduction processing.
(12) An image-capturing device such as that de-
scribed in any of (1) through (11), in which the image
processing unit includes a selection unit that selects
image data to be used in image processing executed
on the first image data.
(13) An image-capturing device such as that de-
scribed in (12), in which the image sensor is capable
of executing image-capturing operation by setting
different image-capturing conditions from one unit
area to another at an image-capturing surface, and
the selection unit, disposed in correspondence to
each unit area or each combined area made up with
a plurality of unit areas, selects image data from the
corresponding unit area or from the unit areas
present in the corresponding combined area.
(14) An image-capturing device such as that de-
scribed in (13), in which the image sensor is disposed
at a first semiconductor substrate and the selection
unit is disposed at a second semiconductor sub-
strate.
(15) An image-capturing device such as that de-
scribed in (14), in which the first semiconductor sub-
strate and the second semiconductor substrate are
stacked one upon the other.
(16) A display device having a display unit that brings
up on display an image generated based upon first
image data output by capturing an image formed with
light having entered a first area at an image-captur-
ing unit under first image-capturing conditions, sec-
ond image data output by capturing an image formed
with light having entered a second area that the im-
age-capturing unit, under second image-capturing
conditions different from the first image-capturing
conditions, and third image data output by capturing
an image formed with light having entered a third
area at the image-capturing unit under the first im-
age-capturing conditions. The display device further
includes an image processing unit that generates an
image based upon first image data, resulting from
image processing executed by using at least either
the first image data or the third image data, and the
second image data, and the display unit brings up
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on display the image generated by the image
processing unit.
(17) A display device comprising an image process-
ing unit that generates an image based upon first
image data resulting from image processing execut-
ed by using first image data output from a first area
at an image-capturing unit where an image formed
with light having entered therein is captured under
first image-capturing conditions and second image
data output by capturing an image formed with light
having entered a second area at the image-capturing
unit under second image-capturing conditions differ-
ent from the first image-capturing conditions, and a
display unit that brings up on display the image gen-
erated by the image processing unit.
(18) An image processing device having an image
processing unit that generates an image based upon
first image data output by capturing an image formed
with light having entered a first area at an image-
capturing unit under first image-capturing conditions,
second image data output by capturing an image
formed with light having entered a second area at
the image-capturing unit under second image-cap-
turing conditions different from the first image-cap-
turing conditions, and third image data output by cap-
turing an image formed with light having entered a
third area at the image-capturing unit under the first
image-capturing conditions. The image processing
unit generates the image based upon first image da-
ta, resulting from image processing executed by us-
ing at least either the first image data or the third
image data, and the second image data.
(19) An image processing device having an image
processing unit that generates an image based upon
first image data resulting from image processing ex-
ecuted by using first image data output from a first
area at an image-capturing unit where an image
formed with light having entered therein is captured
under first image-capturing conditions, and second
image data output by capturing an image formed with
light having entered a second area at the image-
capturing unit under second image-capturing condi-
tions different from the first image-capturing condi-
tions.

[0310] The disclosure of the following priority applica-
tion is herein incorporated by reference:
Japanese Patent Application No. 2015-195288 filed Sep-
tember 30, 2015

REFERENCE SIGNS LIST

[0311]

1, 1C... camera
1B... image-capturing system
32... image-capturing unit
32a, 100... image sensor

33... image processing unit
33a, 321... input unit
33b, 322... selection unit
33c, 323... generation unit
34... control unit
34a... object detection unit
34b... area dividing unit
34d... image-capturing control unit
35... display unit
90... predetermined range
1001... image-capturing device
1002... display device
P... target pixel

Claims

1. An image-capturing device, comprising:

an image sensor that includes an image-captur-
ing area where an image of a subject is captured;
a setting unit that sets image-capturing condi-
tions to be applied to the image-capturing area;
a selection unit that selects pixels to be used for
interpolation from pixels present in the image-
capturing area; and
a generation unit that generates an image of the
subject captured in the image-capturing area
with signals generated through interpolation ex-
ecuted by using signals output from the pixels
selected by the selection unit, wherein:
the selection unit makes a change in selection
of at least some of the pixels to be selected de-
pending upon the image-capturing conditions
set by the setting unit.

2. The image-capturing device according to claim 1,
wherein:

the image sensor includes a first image-captur-
ing area where an image of the subject is cap-
tured and a second image-capturing area where
an image of the subject is captured;
the setting unit sets image-capturing conditions
for the first image-capturing area and image-
capturing conditions for the second image-cap-
turing area;
the selection unit makes a change in selection
of at least some of the pixels to be selected for
purposes of interpolation executed for a pixel
present in the first image-capturing area, from
pixels present in the first image-capturing area
and pixels present in the second image-captur-
ing area, depending upon the image-capturing
conditions set for the second image-capturing
area by the setting unit; and
the generation unit generates an image of the
subject captured in the first image-capturing ar-
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ea with signals generated through interpolation
executed by using signals output from the pixels
selected by the selection unit.

3. The image-capturing device according to claim 2,
wherein:

the selection unit makes a change in selection
of at least some of the pixels to be selected for
purposes of interpolation executed for a pixel
present in the first image-capturing area, de-
pending upon the image-capturing conditions
set for the first image-capturing area and the im-
age-capturing conditions set for the second im-
age-capturing area by the setting unit.

4. The image-capturing device according to claim 2 or
claim 3, wherein:
the selection unit selects pixels to be used for the
interpolation from at least either the first image-cap-
turing area or the second image-capturing area.

5. The image-capturing device according to claim 4,
wherein:
the selection unit selects a pixel present in the sec-
ond image-capturing area as a pixel to be used for
the interpolation based upon the image-capturing
conditions set for the second image-capturing area
by the setting unit.

6. The image-capturing device according to any one of
claims 2 through 5, wherein:
if first image-capturing conditions are set for the first
image-capturing area and the second image-captur-
ing area by the setting unit, the selection unit selects
a pixel present in the second image-capturing area.

7. The image-capturing device according to claim 6,
wherein:
the selection unit selects a pixel present in the sec-
ond image-capturing area as a pixel to be used for
the interpolation based upon a value pertaining to
exposure included in the image-capturing conditions
set for the second image-capturing area by the set-
ting unit.

8. The image-capturing device according to claim 7,
wherein:
the selection unit selects a pixel present in the sec-
ond image-capturing area as a pixel to be used for
the interpolation based upon a value pertaining to
exposure included in the image-capturing conditions
set for the first image-capturing area by the setting
unit, and a value pertaining to exposure included in
the image-capturing conditions set for the second
image-capturing area by the setting unit.

9. The image-capturing device according to claim 8,

wherein:
the selection unit selects a pixel present in the sec-
ond image-capturing area as a pixel to be used for
the interpolation if a difference between an exposure
value included in the image-capturing conditions set
for the first image-capturing area by the setting unit
and an exposure value included in the image-cap-
turing conditions set for the second image-capturing
area by the setting unit is equal to or less than 0.3.

10. The image-capturing device according to any one of
claims 2 through 9, wherein:
the selection unit selects pixels present in the first
image-capturing area if the setting unit sets first im-
age-capturing conditions for the first image-captur-
ing area and second image-capturing conditions for
the second image-capturing area.

11. The image-capturing device according to claim 10,
wherein:
the selection unit selects pixels present in the first
image-capturing area without selecting any pixel
present in the second image-capturing area if the
setting unit sets first image-capturing conditions for
the first image-capturing area and second image-
capturing conditions for the second image-capturing
area.

12. The image-capturing device according to any one of
claims 2 through 11, wherein:
the selection unit selects, as a pixel to be used for
interpolation executed for a first pixel present in the
first image-capturing area, a third pixel present in the
first image-capturing area set apart from the first pix-
el by a distance greater than a distance setting apart
the first pixel from a second pixel present in the sec-
ond image-capturing area.

13. The image-capturing device according to any one of
claims 2 through 12, wherein:
the selection unit selects a varying number of pixels
depending upon the image-capturing conditions set
for the second image-capturing area by the setting
unit.

14. The image-capturing device according to claim 13,
wherein:
the selection unit selects a smaller number of pixels
if the setting unit sets first image-capturing conditions
for the first image-capturing area and second image-
capturing conditions for the second image-capturing
area, compared to a number of pixels selected when
the first image-capturing conditions are set for the
first image-capturing area and the second image-
capturing area.

15. An image-capturing device, comprising:
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an image sensor that includes a first image-cap-
turing area set so as to capture an image of a
subject under first image-capturing conditions,
a second image-capturing area set so as to cap-
ture an image of the subject under second im-
age-capturing conditions different from the first
image-capturing conditions and a third image-
capturing area set so as to capture an image of
the subject under third image-capturing condi-
tions different from the second image-capturing
conditions;
a selection unit that selects pixels, to be used
for purposes of interpolation executed for a pixel
present in the first image-capturing area among
pixels present in the second image-capturing ar-
ea, and pixels present in the third image-captur-
ing area; and
a generation unit that generates an image of the
subject captured in the first image-capturing ar-
ea with signals generated through interpolation
executed by using signals output from the pixels
selected by the selection unit.

16. An image-capturing device, comprising:

an image sensor that includes a first image-cap-
turing area set so as to capture an image of a
subject under first image-capturing conditions
and a second image-capturing area set so as to
capture an image of the subject under second
image-capturing conditions different from the
first image-capturing conditions;
a selection unit that selects pixels to be used for
purposes of interpolation executed for a pixel
present in the first image-capturing area among
pixels present in the first image-capturing area
and pixels present in the second image-captur-
ing area; and
a generation unit that generates an image of the
subject captured in the first image-capturing ar-
ea with signals generated through interpolation
executed by using signals output from the pixels
selected by the selection unit.

17. An image-capturing device, comprising:

an image sensor that includes a first image-cap-
turing area where an image of a subject is cap-
tured, a second image-capturing area where an
image of the subject is captured and a third im-
age-capturing area where an image of the sub-
ject is captured;
a setting unit that sets first image-capturing con-
ditions as image-capturing conditions for the first
image-capturing area, sets second image-cap-
turing conditions, different from the first image-
capturing conditions, as image-capturing condi-
tions for the second image-capturing area and

sets third image-capturing conditions, different
from the first image-capturing conditions by an
extent smaller than an extent of difference be-
tween the first image-capturing conditions and
the second image-capturing conditions, as im-
age-capturing conditions for the third image-
capturing area;
a selection unit that selects pixels to be used for
purposes of interpolation executed for a pixel
present in the first image-capturing area among
pixels present in the first image-capturing area,
pixels present in the second image-capturing ar-
ea and pixels present in the third image-captur-
ing area; and
a generation unit that generates an image of the
subject captured in the first image-capturing ar-
ea with signals generated through interpolation
executed by using signals output from the pixels
selected by the selection unit.

18. An image-capturing device, comprising:

an image sensor that includes a first image-cap-
turing area where an image of a subject is cap-
tured, a second image-capturing area where an
image of the subject is captured and a third im-
age-capturing area where an image of the sub-
ject is captured, set apart from the first image-
capturing area by a distance greater than a dis-
tance between the first image-capturing area
and the second image-capturing area;
a setting unit that sets image-capturing condi-
tions different from image-capturing conditions
selected for the first image-capturing area, as
image-capturing conditions for the second im-
age-capturing area;
a selection unit that selects pixels to be used for
purposes of interpolation executed for a pixel
present in the first image-capturing area among
pixels present in the first image-capturing area,
pixels present in the second image-capturing ar-
ea and pixels present in the third image-captur-
ing area; and
a generation unit that generates an image of the
subject captured in the first image-capturing ar-
ea with signals generated through interpolation
executed by using signals output from the pixels
selected by the selection unit.

19. An image-capturing device, comprising:

an image sensor that includes an image-captur-
ing area where an image of a subject is captured;
a setting unit that sets image-capturing condi-
tions to be applied to the image-capturing area;
and
a generation unit that generates an image of the
subject captured in the image-capturing area
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with signals generated through interpolation ex-
ecuted by using signals output from pixels se-
lected as pixels to be used for purposes of in-
terpolation and present in the image-capturing
area, wherein:
a change is made in selection of at least some
of the pixels to be selected depending upon the
image-capturing conditions set by the setting
unit.

20. An image-capturing device, comprising:

an image sensor that includes a first image-cap-
turing area set so as to capture an image of a
subject under first image-capturing conditions
and a second image-capturing area set so as to
capture an image of the subject under second
image-capturing conditions different from the
first image-capturing conditions; and
a generation unit that generates an image of the
subject captured in the first image-capturing ar-
ea with signals generated through interpolation
executed by using signals output from pixels,
selected as pixels to be used for purposes of
interpolation executed for a pixel present in the
first image-capturing area, among pixels
present in the first image-capturing area and pix-
els present in the second image-capturing area.

21. An image-capturing device, comprising:

an image sensor that includes an image-captur-
ing area where an image of a subject is captured;
a setting unit that sets image-capturing condi-
tions to be applied to the image-capturing area;
and
a generation unit that generates an image of the
subject captured in the image-capturing area
with signals generated through noise reduction
executed by using signals output from pixels that
output noise reduction signals, selected from
pixels present in the image-capturing area,
wherein:
a change is made in selection of at least some
of the pixels to be selected depending upon the
image-capturing conditions set by the setting
unit.

22. An image-capturing device, comprising:

an image sensor that includes a first image-cap-
turing area set so as to capture an image of a
subject under first image-capturing conditions,
a second image-capturing area set so as to cap-
ture an image of the subject under second im-
age-capturing conditions different from the first
image-capturing conditions and a third image-
capturing area set so as to capture an image of

the subject under third image-capturing condi-
tions different from the second image-capturing
conditions;
a selection unit that selects pixels to be used to
reduce noise for a pixel present in the first image-
capturing area among pixels present in the sec-
ond image-capturing area and pixels present in
the third image-capturing area; and
a generation unit that generates an image of the
subject captured in the first image-capturing ar-
ea with signals having undergone noise reduc-
tion executed by using signals output from the
pixels selected from the pixels present in the
second image-capturing area and the pixels
present in the third image-capturing area, as pix-
els to output signals to be used to reduce noise
in a signal at a pixel present in the first image-
capturing area.

23. An image-capturing device, comprising:

an image sensor that includes a first image-cap-
turing area set so as to capture an image of a
subject under first image-capturing conditions
and a second image-capturing area set so as to
capture an image of the subject under second
image-capturing conditions different from the
first image-capturing conditions; and
a generation unit that generates an image of the
subject captured in the first image-capturing ar-
ea with signals generated through interpolation
executed by using signals output from pixels se-
lected from pixels present in the first image-cap-
turing area and pixels present in the second im-
age-capturing area, as pixels to output signals
to be used to reduce noise for a pixel present in
the first image-capturing area.

24. An image-capturing device, comprising:

an image sensor that includes an image-captur-
ing area where an image of a subject is captured;
a setting unit that sets image-capturing condi-
tions to be applied to the image-capturing area;
and
a generation unit that generates an image of the
subject captured in the image-capturing area
with signals having undergone image process-
ing executed by using signals output from pixels
selected as pixels to be used in image process-
ing, wherein:
a change is made in selection of at least some
of the pixels to be selected depending upon the
image-capturing conditions set by the setting
unit.

25. An image processing device, comprising:
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a selection unit that selects signals to be used
for purposes of interpolation, among signals out-
put from pixels present in an image-capturing
area of an image sensor; and
a generation unit that generates an image of a
subject captured in the image-capturing area
with signals generated through interpolation ex-
ecuted by using the signals selected by the se-
lection unit, wherein:
the selection unit makes a change in selection
of at least some of the pixels to be selected de-
pending upon the image-capturing conditions
set for the image-capturing area.

26. An image processing device, comprising:

a selection unit that selects signals to be used
for noise reduction, among signals output
among pixels present in an image-capturing ar-
ea of an image sensor; and
a generation unit that generates an image of a
subject captured in the image-capturing area
with signals having undergone noise reduction
executed by using the signals selected by the
selection unit, wherein:
the selection unit makes a change in selection
of at least some of the pixels to be selected de-
pending upon the image-capturing conditions
set for the image-capturing area.

27. An image processing device, comprising:

a selection unit that selects signals to be used
for purposes of interpolation, among signals out-
put from pixels present in an image-capturing
area of an image sensor; and
a display unit that brings up on display an image
of a subject captured in the image-capturing ar-
ea, generated with signals generated through
interpolation executed by using the signals se-
lected by the selection unit, wherein:
the selection unit makes a change in selection
of at least some of the pixels to be selected de-
pending upon the image-capturing conditions
set for the image-capturing area.

28. An image processing device, comprising:

a selection unit that selects signals to be used
for noise reduction, among signals output from
pixels present in an image-capturing area of an
image sensor; and
a display unit that brings up on display an image
of a subject captured in the image-capturing ar-
ea, generated with signals having undergone
noise reduction executed by using the signals
selected by the selection unit, wherein:
the selection unit makes a change in selection

of at least some of the pixels to be selected de-
pending upon the image-capturing conditions
set for the image-capturing area.
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