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(57) Abstract: An image processing apparatus for processing image pickup
signals of subpixels of an image pickup element including a plurality of unit
pixels each of which has a plurality of subpixels for receiving light passing
through different partial pupil areas ot a focusing optical system and generat-
ing image data of a photographed image, obtains in-focus information of the
photographed image, sets a first area and a second area different from the first
area onto the photographed image on the basis of the obtained in-focus in-
formation, and adds a part of the image pickup signals of the subpixels ob-
tained from the image pickup element so that the number of image pickup
signals of the subpixels per unit pixel in the image data of the photographed
image corresponding to the first area is larger than that of the image data of
the photographed image corresponding to the second area.
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DESCRIPTION
IMAGE PROCESSING APPARATUS, IMAGE PROCESSING
METHOD, PROGRAM, AND IMAGE PICKUP APPARATUS
HAVING THE IMAGE PROCESSING APPARATUS

Technical Field

[0001]The invention relates to an image processing apparatus,
an image processing method, a program, and an image
pickup apparatus having the image processing apparatus
and, more particularly, to an image processing
apparatus, image processing method, and program for
processing a parallax image or image data for refocus,
and an image pickup apparatus having the image
processing apparatus.

Background Art

[0002]An image pickup apparatus which divides an exit pupil
of a photographing lens into a plurality of areas and
can simultaneously photograph a plurality of parallax
images corresponding to the divided pupil areas has
been proposed.

[0003]PTL 1 discloses an image pickup apparatus having a
two-dimensional image pickup element in which one pixel
corresponds to one microlens and the pixel is formed by
a plurality of divided photoelectric conversion units.
The divided photoelectric conversion unit is
constructed so as to receive light from different
partial pupil areas of an exit pupil of a photographing
lens through one microlens and performs a pupil
division. A plurality of parallax images corresponding
to the divided partial pupil areas can be formed from
an image signal generated by photoelectrically
converting object light received by each of the divided
photoelectric conversion units. PTL 2 discloses such a
technique that a picked-up image is generated by adding,
on the pixel basis, all of image signals which are

output from divided photoelectric conversion units.
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[0004]A plurality of photographed parallax images are
egquivalent to Light Field (LF) data serving as space
distribution of light intensity and angle distribution
information. NPL 1 discloses such a refocus technique
that by composing images on a virtual focusing plane
different from an image pickup plane by using the
obtained LF data, an in-focus position of the picked-up
image is changed after the photographing.

Citation List
Patent Literature

[0O0OC5]PTL 1: U.S. Patent No. 4410804
PTL 2: Japanese Patent Application Laid-Open No. 2001-
083407
Non Patent Literature

[0006]NPL 1: Stanford Tech Report CTSR 2005-02, 1 (2005)
Summary of Invention
Technical Problem

[0007]However, there is such a problem that since the LF
data is constructed by~a plurality of parallax images
and contains the angle distribution information of each
pixel in addition to the space distribution information
of the light intensity, a data amount is large.

[0008] The invention is made in consideration of the ‘
foregoing problems and 1t is an object of the invention
to provide an image processing apparatus and method
which can hold necessary information and suppress a
data amount of LF data.

Solution to Problem

[0009]According to the invention, an image processing
apparatus for processing image pickup signals of‘
subpixels obtained by an image pickup element
constructed by arranging a plurality of pixels each of
which is constructed by a plurality of subpixels for
receiving light passing through different partial pupil
areas of a focusing optical system and generating image

data of a photographed image which is photographed by
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the image pickup element, comprises: an area setting
unit cohfigured to set at least one area into the
photographed image; an addition processing unit
configured to subject the image pickup signal of the
subpixel of the set area to an addition processing; and
an image processing control unit configured to obtain
in-focus information on the basis of the image pickup
signal of the subpixel of the area set by the area
setting unit, control the area setting unit so as to
set a first area and a second area which are different
from the set area on the basis of the obtained in-focus
information, and control the addition processing unit
so as to subject the image pickup signals of the
subpixels of the set first and second areas to the
addition processing of different degrees, thereby
. generating first image data and second image data as

image data of the photographed image.
Advantageous Effects of Invention

[0010]According to the image processing apparatus of the
invention, the data amount of the LF data can be
suppressed, while holding the necessary information.

[0011]Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.‘
Brief Description of Drawings

[0012]FIG. 1 is a block diagram of an image pickup apparatus
to which an image processing according to an embodiment
of the invention is applied.
FIG. 2 is a diagram schematically illustrating a pixel
array in an image pickup element according to the
present embodiment of the invention. '
FIGS. 3A and 3B are diagrams illustrating a pixel
structure of the image pickup element according to the
present embodiment of the invention.
FIGS. 4A, 4B, 4C, and 4D are diagrams illustrating

pixel structures which are substantially optically-
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equivalent to the pixel structure of the image pickup
element according to the present embodiment of the
invention.

FIG. 5 is a diagram conceptually illustrating a
relation between a pixel and a pupil division in the
image pickup element according to the present
embodiment of the invention.

FIG. 6 is a diagram conceptually illustrating a
relation between the image pickup element according to
the present embodiment of 'the invention and the pupil
division.

FIG. 7 is a diagram conceptually illustrating an image
shift amount between parallaxvimages and a defocus
amount in the image pickup element according to the
present embodiment of the invention.

FIG. 8 is a diagram conceptually illustrating a
relation between subpixels and angle information which
can be obtained in the image pickup element according
to the present embodiment of the invention.

FIGS. SA and 9B are diagrams conceptually illustrating
a refocus processing in the image pickup element
according to the present embodiment of the invention.
FIG. 10 is a diagram illustrating a flowchart for the
image processing operation according to the first
embodiment of the invention.

FIG. 11 is a diagram schematically illustrating a flow
for the image processing operation according to the
first embodiment of the invention.

FIG. 12 is a diagram illustrating a read-out circuit of
the image pickup element according to the present
embodiment of the invention.

FIG. 13 is a diagram illustrating a construction of
recording data according to the first embodiment of the
invention.

FIG. 14 is a diagram illustrating another setting

example of a first area and a second area in the first
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embodiment of the invention.
FIG. 15 is a diagram illustrating a flowchart for the
image processing operation according to the second
embodiment of the invention.
FIG. 16 is a diagram schematically illustrating a flow
for the image processing operation according to the
second embodiment of the invention.
Description of Embodiments

[0013]Exemplary embodiments of the invention will be
described in detail hereinbelow on the basis of the
drawings.

[001l4]1Example 1 ‘

[0015])FIG. 1 is a block diagram illustrating a construction
of a camera serving as an image pickup apparatus to
which an image processing apparatus and method
according to the invention are applied. The image
pickup apparatus has an image pickup element which can
obtain LF data as will be described hereinafter.
In this diagram, a first lens group 101 is arranged at
the front of a focusing optical system and is held
being movable backward and forward in an optical axis
direction. An iris shutter 102 performs a light amount
adjustment upon photographing by adjusting an aperture
diameter and also has a function as a shutter for
adjusting an exposure time upon photographing of a
still image. A second lens group 103 is provided. The
iris shutter 102 and the second lens group 103
integratedly move backward and forward in the optical
axis direction, thereby realizing a magnification
effect (zoom function) by the interlocking motion with
the backward/forward operation of the first lens group
101.

[00161A third lens group 105 performs a focus adjustment by
the backward/forward motion in the optical axis
direction. An optical low-pass filter 106 is an

optical element for reducing a false color and moire of
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the photographed image. An image pickup element 107 is
constructed‘by a two-dimensional CMOS photosensor and
peripheral circuits and is arranged on a focusing plane
of the focusing optical system.

[0017]In order to perform the magnification operation, a
zoom actuator 111 rotates a cam barrel (not shown) and
drives the first lens group 101 or the third lens group
105 backward and forward in the optical axis direction.
In order to adjust a photographing light amount, an
iris-shutter actuator 112 controls the aperture
diameter of the iris shutter 102 and controls the
exposure time upon photographing of the still image.
In order to perform the focus adjustment, a focus
actuator 114 drives the third lens group 105 backward
and forward in the optical axis direction.

[0018]Although a flash illuminating apparatus using a xenon
tube is preferable as an electronic flash 115 for
illuminating an object upon photographing, an
illuminating apparatus having a continuous light-
emitting LED may be used. An AF fill light unit 116
projects an image of a mask having a predetermined
aperture pattern onto a field through a light
projection lens, thereby improving a focus detecting
ability to a dark object or a low-contrast object.

[0019]A CPU 121 provided in a camera performs various kinds
of control of the camera body. The CPU 121 has an
arithmetic operating unit, a ROM, a RAM, an A/D
converter, a D/A converter, a communication interface
circuit, and the like. The CPU 121 loads and executes
a predetermined program stored in the ROM, thereby
driving and controlling various kinds of circuits
provided for the camera and realizing the AF,
photographing, image processing, and a series of
operations such as a recording and the like. Therefore,
the CPU 121 is a unit constructing the image processing

apparatus according to the invention and makes‘image
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processing control in the image processing apparatus.

[00201An electronic flash control unit 122 controls on/off
of the illuminating unit 115 synchronously with the
photographing operation. A f£ill light drive unit 123
controls on/off of the AF fill light unit 116
synchronously with the focus detecting operation. An
image pickup element drive unit 124 controls the image
pickup operation of the image pickup element 107, A/D
converts the obtained image pickup signal, and
transmits to the CPU 121. An image processing unit 125
executes processings such as gamma conversion, color
interpolation, JPEG compression, and the like of the
image signal obtained by the image pickup element 107.

[0021]A focus drive unit 126 drives the focus actuator 114
on the basis of a focus detection result and drives the
third lens group 105 backward and forward in the
optical axis direction in order to perform the focus
adjustment. An iris-shutter drive unit 128 drives the
iris-shutter actuator 112 and controls an aperture of
the iris shutter 102. A zoom drive unit 129 drives the
zoom actuator 111 in accordance with the zoom operation
of the photographer.

[0022]A display unit 131 such as an LCD or the like displays
information regarding a photographing mode of the
camera, a preview image before photographing, an image
for confirmation after the photographing, an in-focus
state display image at the time of a focus detection,
and the like. An operation switch group 132 is
constructed by a power switch, a release (photographing
trigger) switch, a zoom operation switch, a
photographing mode selection switch, and the like. A
photographed image is recorded into a detachable flash
memory 133 in a predetermined recording format by a
recording unit 134.

[0023]Subsequently, the image pickup element 107 provided
for the image pickup apparatus will be described.
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A pixel array and a subpixel array of the image pickup
element 107 according to the present embodiment are
schematically illustrated in FIG. 2.

FIG. 2 illustrates the pixel array of a two-dimensional
CMOS sensor (image pickup element) according to the
present embodiment by a range of (4 rows x 4 columns).
Since each pixel of the image pickup element according
to the present embodiment is divided into (4 x 4)
subpixels, FIG. 2 illustrates the range of subpixels of
(16 rows x 16 columns) when considering the subpixel
array. The actual image pickup element is not limited
to the pixel array of (4 rows x 4 columns) (subpixel
array of 16 rows x 16 columns) illustrated in FIG. 2
but is constructed in such a manner that a number of
pixels are arranged onto a light-receiving plane,
thereby enabling an object image to be picked up. The
present embodiment will be described by presuming the
image pickup element in which a pixel period AX is
equal to 9.2 pum and the number of effective pixels Nip
is equal to 10.14 million pixels (= 3900 columns in the
‘lateral direction x 2600 rows in the vertical
direction), while a subpixel period Ax is equal to 2.3

pm and the number of effective subpixels N is equal to
162 million pixels (= 15600 columns in the lateral

direction x 10400 rows in the vertical direction).

[0024]1In the present embodiment, in a pixel group 200 of (2
rows x 2 columns) illustrated in FIG. 2, a pixel 200R
having spectrum sensitivity of R (red) is arranged at a
left upper position, pixels 200G having spectrum
sensitivity of G (green) are arranged at a right upper
position and a left lower position, and a pixel 200B
having spectrum sensitivity of B (blue) is arranged at
a right lower position, respectively. Further, in each
pixel, subpixels 201 to 216 of Ng x Ng (4 rows x 4
columns) are two-dimensionally arranged.

[0025]A plan view of one pixel 200G of the image pickup
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element illustrated in FIG. 2 in the case where it is
viewed on the light-receiving side (+z side) of the
image pickup element is illustrated in FIG. 3A. A
cross sectional view taken along the line 3B-3B in FIG.
3A in the case where it is viewed on the -y side is
illustrated in FIG. 3B.

[0026]As illustrated in FIGS. 3A and 3B, in the pixel 200G
in the present embodiment, a microlens 350 to converge
the incident light onto the light-receiving plane of
each pixel is formed, and photoelectric conversion
units 301 to 316 divided into Ng areas (4-division) in
the x direction and Ny areas (4-division) in the y
direction are formed, respectively. The photoelectric
conversion units 301 to 316 correspond to the subpixels
201 to 216, respectively.

[0027]Each of the photoelectric conversion units 301 to 316
may be a pin structure photodiode with an intrinsic
layer being interposed between a p-type layer and an n-
type layer or a pn-junction photodiode in which an
intrinsic layer is omitted in accordance with necessity.

[0028]In each pixel, a color filter 360 is formed between
the microlens 350 and the photcoelectric conversion
units 301 to 316. Spectrum transmissivity of the color
filter may be changed for every subpixel or the color
filter may be omitted in accordance with necessity.

[0029]The light which entered the pixel 200G illustrated in
FIGS. 3A and 3B 1s converged by the microlens 350, is
color-separated by the color filter 360, and thereafter,
is received by the photoelectric conversion units 301
to 316.

[0030]In the photoelectric conversion units 301 to 316, an
electron and a hole are generated through pair
production in accordance with a light reception amount
and are separated by a depletion layer. After that,
the electron of a negative charge is accumulated into

the n-type layer (not shown) and, on the other hand,
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the hole is ejected to the ocutside of the image pickup
element through the p-type layer connected to a
constant voltage source (not shown).

[0031]In the present embodiment, as illustrated in FIG. 3B,
an electric capacitor portion (FD: floating diffusion)
320 and a transfer gate 330 are formed every two
photoelectric conversion units on the right and left
sides thereof. A wiring layer 340 is formed over the
microlens 350 side of the electric capacitor portion
(FD) 320.

[0032]The electrons accumulated in the n-type layers (not
shown) of the photoelectric conversion units 301 to 316
are transferred to the electric capacitor portions (FD)
320 through the transfer gates 330, are converted into
voltage signals, and are output as photoelectric
conversion signals.

{00331In the present embodiment, as illustrated in FIGS. 3A
and 3B, the microlens 350 is formed by Ng (four)
submicrolenses 351 to 354 in such a shape that an
optical axis (vertex) of each submicrolens is deviated
in the different direction and the adjacent
submicrolenses are in line-contact with each other. An
alternate long and short dash line in FIG. 3B indicates
the optical axis (vertex) of the submicrolens. The
photoelectric conversion unit is divided into Ng x Ng
(4 x 4) areas ahd the electric capacitor portions (FD)
320 are arranged adjacently to the photoelectric
conversion units 301 to 316. Further, the wiring layer
340 also serving as a light-shielded layer is formed
between the microlens 350 and the FD 320. The FD 320
are arranged in the areas where the light converged by
the microlens does not enter, adjacently to the
photoelectric conversion units 301 to 316.

[0034]FIGS. 4A and 4B illustrate a schematic cross sectional
view and a schematic plan view of the pixel in the

present embodiment constructed by the microlens 350
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comprising a plurality of submicrolenses in each of
which the optical axis (vertex) 1is deviated and a
plurality of divided photoelectric conversion units 301
to 316 illustrated in FIGS. 3A and 3B. FIGS. 4C and 4D
illustrate a schematic cross sectional view and a ’
schematic plan view of the pixel structure which is
substantially optically-equivalent to the structure of
the pixel in the present embodiment. If the pixel
structure of the present embodiment illustrated in FIGS.
4n and 4B is reconstructed in such a manner that all of
the optical axes (vertices) of the submicrolenses
constructing the microlens overlap with each other, it
becomes the substantially optically-equivalent pixel
structure as illustrated in FIGS. 4C and 4D.

Influences of isolation area between the photoelectric
conversion units 306, 307, 310, and 311 in a pixel
center portion and influences of the areas of the FD
320 and the wiring layers 340 also serving as light-
shielded layers can be optically suppressed.

[0035]An optical correspondence relation between the
photoelectric conversion units of the pixel structure
as illustrated in FIGS. 4C and 4D which is
substantially optically-equivalent to the pixel
structure in the present embodiment and in which the
isolation area in the pixel center portion and the
wiring layers are eliminated and the pupil division is
conceptually illustrated in FIG. 5. This diagram
illustrates a cross section in the case where the cross
sectional view taken along the line 4C-4C of the pixel
structure as illustrated in FIGS. 4C and 4D which is
substantially optically-equivalent to the pixel
structure in the present embodiment is viewed on the +y
side, and also illustrates an exit pupil plane of the
focusing optical system. In FIG. 5, in order to obtain
a correspondence with a coordinate axis of the exit

pupil plane, an x axis and a y axis of the cross
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sectional view are reversed as compared with those in
FIGS. 3A, 3B, and 4A to 4D.

(0036]The image pickup element is arranged near the focusing
plane of the photographing lens (focusing optical
system). The light beam from the object passes through
an exit pupil 400 of the focusing optical system and
enters each pixel. Partial pupil areas 501 to 516 are
substantially conjugate with the light-receiving planes
of the Ng x Ng (4 x 4) divided photoelectric conversion
units 301 to 316 (subpixels 201 to 216) by the
microlens and show light-receivable partial pupil areas
every photoelectric conversion unit (subpixel). A
pupil area 500 is a light-receivable pupil area in the
whole pixel 200G in the case whexe all of the Ny x Np
(4 x 4) divided photoelectric conversion units 301 to
316 (subpixels 201 to 216) are combined.

[0037]While a pupil distance is equal to tens of mm, since a
diameter of the microlens 350 is equal to a few um, an
iris value of the microlens 350 is equal to tens of
thousands and a diffraction blur of a level of tens of
mm occurs. Therefore, the image at the light-receiving
plane of the photoelectric conversion unit does not
become a clear pupil area or partial pupil areas but
becomes pupil intensity distribution (distribution of
an angle of incidence of a light-receiving ratio). »

[0038]A correspondence relationship between the image pickup
element of the present embodiment and the pupil
division is conceptually illustrated in FIG. 6. The
light beams which passed through the different partial
pupil areas among the partial pupil areas 501 to 516
enter the pixels of the image pickup element at
different angles and are received by the Ny x Ng (4 x
4) divided photoelectric conversion units 301 to 316
(subpixels 201 to 216), respectively. Thus, LF data
showing space distribution of the light intensity and
angle distribution can be obtained by the image pickup
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element of the present embodiment. The LF data in the
present embodiment is obtained by the image pickup
element formed by arranging a plurality of pixels in
each of which a plurality of subpixels for receiving

the light beams passing through the different partial
pupil areas of the focusing optical system are provided.

[0039]From the LF data, a parallax image corresponding to a
specific partial pupil area among the partial.pupil
areas 501 to 516 of the focusing optical system is
obtained by selecting the signal of a specific subpixel
from the subpixels 201 to 216 of each pixel. For
example, by selecting the signal of the subpixel 209
(photoelectric conversion unit 309) for every pixel, a
parallax image having a resolution of the number of
effective pixels corresponding to the partial pupil
area 509 of the focusing optical system can be obtained.
This is true of other subpixels. Therefore, in the
present embodiment, a plurality of (the number of pupil
division Ny = Ng x Ng) parallax images of every
different partial pupil areas are obtained by the image
pickup element constructed by arranging the plurality
of pixels each of which is constructed by the plurality
of subpixels for receiving the light beams passing
through the different partial pupil areas of the
focusing optical system.

[0040]By adding all of the signals of the subpixels 201 to
216 for every pixel, a picked-up image having the
resolution of the number of effective pixels can be
generated.

[0041] Subsequently, a relation between the defocus amount of
the LF data obtained from the image pickup element
according to the present embodiment and the image shift
amount will be described.

[00421FIG. 7 is a diagram conceptually illustrating the
relation between the image shift amount between the

parallax images and the defocus amount. The image
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pickup element (not shown) according to the present
embodiment is arranged at an image pickup plane 800 and
the exit pupil 400 of the focusing optical system is
divided into the N, (16) partial pupil areas 501 to 516
in a manner similar to FIGS. 5 and 6.

[0043]1A defocus amount d is defined on the assumption that a
distance from the focusing position of the object to
the image pickup plane is equal to a magnitude |d|, a
state in which a focal point of the object is on the
object side of the image pickup plane is negative (d <
0), and a state in which the focal point of the object
is on the opposite side of the image pickup plane is
positive (d > 0). An in-focus state in which the focal
point of the object is on the image pickup plane is d =
0. In FIG. 7, an example in which an object 801 is in
the in-focus state (d = 0) is illustrated, and an
example in which an object 802 is in the state (d < 0)
in which the focal point of the object is on the object
side of the image pickup plane is illustrated. It is
assumed that the state (d < 0) in which the focal point
of the object is on the object side of the image pickup
plane and the state (d > 0) in which the focal point of
the object is on the opposite side of the image pickup
plane are together referred to as a defocus state (ldl
> 0). ,

[0044]In the state (d < 0) in which the focal point of the
object is on the object side of the image pickup plane,
the light beam which passes through the partial pupil
area 509 (501 to 516) among the light beams from the
object 802 1is converged, thereafter, is spread to an
area of a width I'09 (I'01 to I'l6) in which a position of
the center of gravity G09 (GOl to G16) of the light
beam is set to a center, and becomes a blurred image at
the image pickup plane 800. The blurred image is
received by the subpixel 209 (201 to 216) constructing

each pixel arranged in the image pickup element and a
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parallax image is generated. Therefore, in the
parallax image which 1s generated from the signal of
the subpixel 209 (201 to 216), the object 802 1is
recorded at the position of the center of gravity G09
(GO1 to G16) as a blurred object image which is blurred
with the blur width I'09 (I'Cl to I'l6) of the object
image. The blur width I'09 (I'0l to I'l6) of the object
image increases substantially in proportion to an
increase in magnitude ldl of the defocus amount d.
Similérly, a magnitude |p| of the image shift amount p
(= difference between the positions of the center of
gravity of the light beams: for example, G09 - Gl1l2, or
the like)} of the object image between the parallax
images also increases substantially in proportion to an
increase in magnitude (d| of the defocus amount d.
Also in the state (d > 0) in which the focal point of
the object is on the opposite side of the image pickup
"plane, a similar phenomenon occurs although the imagé
shift direction of the object image between the
parallax images 1s opposite to that in the state (d <
0) in which the focal point of the object is on the
object side of the image pickup plane. In the in-focus
state (d = 0), the positions of the center of gravity
of the object image between the parallax images
coincide (p = 0) and an image shift does not occur.

[0045]Therefore, in the LF data of the invention, in
association with an increase in magnitude of the
defocus amount of the LF data, a magnitude of the image
shift amount among the plurality of parallax images
which are generated from the LF data for every
different partial pupil area increases.

[0046]In the present embodiment, a focus detection of an
image pickup plane phase difference method is performed
by calculating the image shift amount between the
parallax images by a correlation arithmetic operation

from such a relationship that the magnitude of the
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image shift amount between the parallax images
increases in association with the increase in magnitude
of the defocus amount of the LF data. Although such a
calculation can be performed by the image processing
unit 125 under control of the CPU 121, the focus
detection may be performed by using a focus detecting
apparatus of a phase difference method, constructed
separately from the image pickup element in accordance
with necessity. The focus detection of a contrast
method may be performed by using the LF data.

[0047]Subsequently, a refocus processing using the foregoing
LF data obtained from the image pickup element and a
refocus-possible range in such a case will be described.
A relation between the subpixels in the present
embodiment and angle information which can be obtained
is conceptually illustrated in FIG. 8. Assuming that
the subpixel period is equal to Ax and the number Ny of
division of the subpixels per pixel is equal to Ny = Ng
x Ng, as illustrated in the diagram, the pixel period
AX = NgAx. Assuming that an angular resolving power is
equal to AB and an angle viewing the exit pupil of the
focusing optical system is equal to 6, then A6 = 0/Ng.
When a paraxial approximation is used, assuming that an
iris value of the focusing optical system is equal to F,
a relational expression of NgF & 1/A8 is substantially
satisfied. Each of the subpixels 212 to 209 receives
the light beam in a range from an angle of incidence 6
to an angle of incidence 03 among all of the light
peams which entered the pixel. The light beam of an
angle of incidence having a width of the angular
resolving power A0 enters each subpixel.

[0048]A conceptual diagram of the refocus processing in the
present embodiment is illustrated in FIG. 9A.
In FIG. 9A, each pixel X; (i = 0 to Ny — 1) of the
image pickup element arranged at the image pickup plane

is schematically shown by a line segment. The light
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beam which enters the ith pixel X; at an angle 0, (a =
0 to Np—-l) is received by each subpixel. The received
subpixel signal is - assumed to be Lj,; (a = 0 to Ne—-1).
In the image pickup element of the present embodiment,
the LF data serving as space distribution of the light
intensity and angle distribution information can be
obtained and is constructed by a plurality of parallax
images of every different partial pupil areas.

[0049]After the photographing, a virtual focusing plane
image different from the image pickup plane at which
the image pickup element is arranged and from which the
subpixel signal Lj,, is obtained can be generated
(refocus processing) from the LF data. All of the
subpixel signals L;,, are moved in parallel along each
angle 8, from the image pickup plane to the virtual
focusing plane, to be distributed to each virtual pixel
at the virtual focusing plane, and are subjected to a
weighted addition, so that a refocused image at the
virtual focusing plane can be generated. As for
coefficients which are used in the weighted addition,
all values are positive and the sum of them is equal to
1. ‘

[0050]A conceptual diagram of the refocus-possible range in
the present embodiment 1s illustrated in FIG. 9B.
Assuming that a permissible circle of confusion is
expressed by & and the iris value of the focusing
optical system is equal to F, a depth of field at the
iris value F is equal to = F8. On the other hand, an
effective iris value Fypg (Fg1 to Fi6) of the (Ng x Ng)
divided narrow partial pupil areas is equal to Fgg = NgF
which is darker. An effective depth of field of each
parallax image is equal to + NoFd which is deeper by Ny
times. An in-focus range is widened by Ny times. In
the range of the effective depth of field of % NgFJ,
since the object image which is in-focused to each

parallax image is obtained, after the photographing,
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the in-focus position can be adjusted again (refocused)
by the refocus processing for moving each parallax
image in parallel along the foregoing angle 0. In a
range ocut of the range of the effective depth of field
of * NgF§, since only the blurred object image is
obtained, the in-focus position cannot be adjusted
again (refocused).

[0051]Therefore, the defocus amount d from the image pickup
plane where the in-focus position can be adjusted again
(refocused) after the photographing is limited, and the
refocus-possible range of the defocus amount d is
substantially equal to a range shown by the following
expression (1) ‘

lal < NeFS . . . (1)
where, the permissible circle of confusion 8 is
specified by & = 2AX (reciprocal number of a Nyguist
frequency 1/(2AX) of the pixel period AX) or the like.

[0052]Subsequently, an image processing method of holding
information necessary to refocus from the LF data
obtained from the image pickup element of the present
embodiment and generating compressed LF data whose data
amount has been suppressed will be described by using
FIGS. 10 to 14. The operation which will be described
with reference to FIG. 10 is executed by the CPU 121
(program) serving as an image processing unit of the
invention and the image processing unit 125. Although
the addition'(addition processing unit) of the signal
data is also executed by the image processing unit 125,
if such an operation is at least partially executed by
the addition read-out in the image pickup element 107,
a load of the processing can be reduced (can be shared).

[0053]FIG. 10 is a diagram illustrating a flowchart for the
image processing operation of the present embodiment.
FIG. 11 is a diagram schematically illustrating a flow
for the image processing operation of the present

embodiment by using the photographed image. In FIG. 11,
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(A) to (F) correspond to STEPS (A) to (F) in FIG. 10,
respectively. The diagram schematically and
exemplarily illustrates that areas which are set onto a
display screen and are subjected to different image
processings. FIG. 12 illustrates a construction of a
pixel circuit of the image pickup element according to
the present embodiment and a construction in which the
photoelectric conversion signals of the subpixels in
the pixel can be read out by the addition or non-
addition. Although FIG. 12 illustrates only a
construction of a subpixel read-out circuit in one
pixel for convenience of explanation, actually, the
apparatus has a similar circuit construction with
respect to all of the pixels which are arranged on the
light-receiving plane and are used for the picked-up
image. The image processing of the present embodiment
will now be described hereinbelow along reference
characters A to F illustrated in FIGS. 10 and 11.

In STEP (&), a focus detection area 900 to be in-
focused is set into the photographing area (setting
unit) .

Subsequently, the LF data of a focus detection area
1100 is read out, the focus detection of the image
pickup plane phase difference method is performed, and
a defocus amount diigy of the focus detection area 1100
is calculated. The lens is driven in accordance with
the calculated defocus amount dijijgo, thereby in-focusing
to the object image in the focus detection area 1100.
The focus detection of the focus detection area 1100
may be performed by using the focus detecting apparatus
of the phase difference method constructed separately
from the image pickup element. The focus detection of
a contrast method in which the focus detection is
performed from contrast evaluation values of a
plurality of refocused images which are generated by

using the LF data may be performed.
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[0054]In STEP (B), a first area 110la including the focus
detection area 1100 is set. LF data of the set first
area 110la is read out, the focus detection of the
phase difference method is performed for every plural
partial pupil areas of the first area 110la, and a
defocus map (in-focus information) is calculated. On
the basis of the calculated defocus map, the first area
1101la is set again so as to include an area in which
the magnitude of the defocus amount d is smaller than a
predetermined value dg (|d| < dg). After the first area
110la is set again, an area in which the first area
110la is eliminated from the whole area of the image
pickup element is set as a second area 1102a. It is
desirable that the predetermined value dg is set to dg
= N9F8vfrom the refocus-possible range shown by the
expression (1) so that the first area 110la includes
the refocus-possible area. However, a reference of the
defocus amount d may be changed from the image pickup
plane in accordance with necessity.

[0055]It is also possible to construct in such a manner that
in accordance with necessity, the second area 1102a
which does not include the focus detection area 1100 is
set, a defocus map is calculated, and on the basis of
the calculated defocus map, the second area is set
again and the first area is set. That is, it is also
possible to construct in such a manner that the second
area 1102a is set again so as to include an area in
which the magnitude of the defocus amount d is larger
than the predetermined value dp (|d, > dg) and an area
in which the second area 1102a is eliminated from the
whole area of the image pickup element is set as a
first area 1101la.

[0056]Therefore, in the present embodiment, the first area
110la and the second area 1102a are selected in
accordance with the defocus amount of the LF data.

[0057]In the case where a processing speed is preferentially
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set in the photographing of a moving object or the like,
the processing for performing the calculation of the
defocus map and the resetting of the first area 1101la

as mentioned above may be omitted in accordance with
necessity.

[0058]It is also possible to construct in such a manner that
only the setting of the focus detection area 1100 is
performed in STEP (A) and, after the first area 1101la
and the second area 1102a are set in STEP (B), the lens
is driven, thereby in-focusing to the object image in
the focus detection area 1100.

[0059]In STEP (C), the image data corresponding to the first
area 1s generated. First, the LF data of the first
area 110la is individually read out as signal data of
the subpixels'201 to 216 for every pixel. The read-out
Signal data is used as it is as image. data
corresponding to the first area in the present
embodiment.

[0060]Read~-out operation control in the case of individually
reading out the signal data of the subpixels with
respect to each pixel of the image pickup element in
the present embodiment will now be described by using
FIG. 12. 1In the diagram, POl to P16 denote photodiodes
(PD) corresponding to the subpixels 201 to 216
(photoelectric conversion units 301 to 316),
respectively. Vpp and Vgs denote power source voltages.
@T1 to @T4 denote transfer gate voltages which are
supplied from a vertical scanning circuit 1202 in order
to transfer photoelectric conversion signals from the
PD to the FD. @Rl and @R2 denote reset gate voltages
which are supplied from the vertical scanning circuit
1202 to reset lines 1208 and 1209 in order to reset the
PD. ¢S1 and ¢S2 denote row selection voltages which
are supplied from the vertical scanning circuit 1202 to
row selection lines 1210 and 1211. oL denotes a load
voltage. Vertical output lines 1204 and 1205 are
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provided to read out the photoelectric conversion
signals transferred from the PD to the FD to a
horizontal output line 1207 by a horizontal scanning
circuit 1201.

[0061]First, in order to reset the PD of each subpixel, the
vertical scanning circuit 1202 simultaneously turns on
the transfer gate voltages ¢@T1l to ¢T4 and the reset

gate voltages @Rl and @R2Z of all rows. After that,
from the moment when the vertical scanning circuit 1202
is simultaneously turned off the transfer gate voltages
¢T1l to T4 and the reset gate voltages @Rl and @R2, the
accumulating operation is started. In the accumulating
operation, the PD (POl to P16) of each subpixel
accumulates signal charges into an n-type layer of the
PD (P01 to Pl6) of each subpixel in accordance with a
light-reception amount.

[0062]The accumulation is performed for a predetermined time
‘synchronously with the mechanical shutter. After that,
the vertical scanning circuit 1202 turns on the
transfer gate voltage ¢T1 first and turns it off again,
thereby transferring the signal charges of the
subpixels P01, P03, P09, and Pll to the corresponding
FD, respectively.

Subsequently, when the vertical scanning circuit 1202
turns on the row selection voltage ¢S1 and the
horizontal scanning circuit 1201 sequentially selects
the vertical output lines 1204 and 1205, the signal
charges P01l and P03 are sequentially read out to the
horizontal output line 1207 through a CDS (Correlated
Double Sampling) circuit 1203. After that, the
vertical scanning circuit 1202 returns the row
selection voltage ¢Sl to OFF. Similarly, by turning on
the row selection voltage @S2 and sequentially
selecting the vertical output lines 1204 and 1205, the
signal charges P09 and Pll are sequentially read out to
the horizontal output line 1207 through the CDS circuit
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1203, and the row selection voltage ¢S2 i1s returned to
OFF.

Subsequently, by turning on the transfer gate voltage
¢T2 and turning it off again, the signal charges of the
subpixels P05, P07, P13, and P15 are transferred to the
corresponding FD, respectively. The read-out operation
of the signal charges is similar to that of the
subpixels P01, P03, P09, and P1l1.

Subsequently, by turning on the transfer gate voltage
¢T3 and turning it off again, the signal charges of the
subpixels P02, P04, P10, and P12 are transferred to the
corresponding FD, respectively. The read-out operation
of the signal charges is similar to that of the
subpixels P01, P03, P09, and P1l1.

Finally, by turning on the transfer gate voltage T4
and turning it off again, the signal charges of the
subpixels P06, P08, Pl4, and P16 are transferred toc the
corresponding FD, respectively. The read-out operation
of the signal charges 1is similar to that of the
subpixels P01, PO3, P09, and P1ll. By those read-out
operations, the photoelectric conversion signals of all
of the subpixels of one pixel can be individually read
out.

[0063]By executing the read-out operation to each pixel in
the first area 110la, the signal data of the subpixels
201 to 216 are individually read out and generated as
LF data in which the image data of the first area 1101a
is not added.

[0064]In STEP (D), the image data corresponding to the
second area is generated. The LF data of the second
area 1102a is generated as picked-up image data in
which the signal data of the subpixels 201 to 216 which
are read out every pixel are added by an adding unit of
the image processing unit 125 and all of the signal
data of the subpixels 201 to 216 are added. The CPU
121 combines the LF data corresponding to the first
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area and the image data in which all of the signal data
of the subpixels corresponding to the second area are
added, and stores as image data of the final
photographed image into a recording medium in a
predetermined recording format as illustrated in, for
example, FIG. 13, which will be described hereinafter.

[0065]In the present embodiment, in the first area, a (non-
addition) signal in which the LF data of each subpixel
is held is generated from the LF data serving as an
‘image pickup signal. On the other hand, in the second
area, compressed LF data serving as pixel signal data
in which a part or all of the LF data of the subpixels
have been added is generated. As mentioned above, a
degree of addition of the LF data in the first area is
smaller than a degree of addition of the LF data in the
second area. That is, a part of the image pickup
signals of the subpixels which are obtained from the
image pickup element are added in such a manner that
the number of image pickup signals of the subpixels per
unit pixel in the image data of the photographed image
corresponding to the first area is larger than that of
the image data of the photographed image corresponding
to the second area, and then the image data of the
photographed image i1s generated.

[0066]That is, in the present embodiment, the degree of
addition in the first area of the picked-up image to
the LF data and the degree of addition in the second
area of the picked-up image to the LF data are made
different, the first image data and the second image
data are generated, and the third image data of the
final photographed image is obtained.

[0067]A suppression effect of the data amount according to
the present embodiment will be described.

[0068]Since the LF data of the number of effective pixels Nir
has angle distribution data as well as the space

distribution data of the light intensity, it is
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constructed by the subpixel data of the number Ny, = Nj
x Ng of pupil division with respect to each pixel.
Therefore, a data amount of the number N = Ng x Ng x Npp
of effective subpixels N = Ng x Ng x Nyr increases
remarkably. _

[0069]However, the defocus amount d of image data which can
be refocused after the photographing is limited to a
value within the refocus-possible range shown by the
expression (1). Therefore, in an area out of the
refocus-possible range shown by the expression (1),
even if the data amount 1is increased and the LF data is
obtained, the image data cannot be refocused.

[0070]In the present embodiment, therefore, in the first
area including the area where the defocus amount d
substantially lies within the refocus-possible range,
the obtained LF data is held as it is. In the other
second area, 1n order to suppress the data amount,
compressed LF data in which the LF data of the
subpixels is added for every pixel to thereby form the
image pickup data is generated. The LF data of the
first area and the LF data of the second area are
combined, thereby obtaining the image data of the final
photographed image. Thus, while the information
necessary to refocus is held, the data amount can be
suppressed.

[0071]For example, in the case of the image pickup element
in which the number of effective pixels is equal to
10.14 million pixels and the number of pupil division
is equal to 16 = 4 x 4, the number of effective pixels
which are necessary to the LF data is equal to about
162 million pixels and a large amount of data which is
16 times as large as the number of effective pixels is
necessary. In the case where an area of 25% of the
whole area of the image pickup element is set into the
first area, an area of 75% is set into the second area,

~and the present embodiment is applied, while the
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information necessary to refocus is held, the data
amount of the obtained original LF data can be
suppressed to a data amount of about 30% of the
original LF data.
In the present embodiment, the LF data corresponding to
the first area is maintained as it is without adding
the subpixels, all of the subpixels are added to the LF
data corresponding to the second area every unit pixel,
and the final photographed image data is generated from
both of those data. However, the invention is not
limited to it but 1f the addition is performed in such
a manner that the number of image pickup signals of the
subpixels per unit pixel with respect to the image data
of the photographed image corresponding to the first
area 1is larger than that for the image data of the
photographed image corresponding to the second area,
the number of subpixels to be added (the number of
sﬁbpixels to be left per unit pixel) and a combination
are not limited.

[0072]FIG. 13 illustrates a construction of recording data
in the case where the final image data of the
photographed image according to the present embodiment
is stored into a recording apparatus or the like.
In the example of FIG. 13, as image data of the
photographed image from the image pickup element 107, a
storage area is made different every area where the
degree of addition cf the subpixels as mentioned above
is constructed differently. That is, the recording
area of the final image data of the photographed image
is constructed by a set of a plurality of recording
areas in which the image data of each area in the
photographed image is recorded. The number of set
areas 1301 1s stored in the recording area of the final
image data of the photographed image. The component
elements of the recording area corresponding to the

image data of each area is constructed by: information
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1302 and 1305 (coordinate information showing a range
in the final 'photographed image in each area) of the
set areas (1101a, 1102a); the numbers of subpixels 1303
and 1306 (the number of pupil division} in the areas;
and image data'1304 and 1307 according to the numbers
of subpixels in the areas. Other component elements
such as a set focus detection area and the like may be
included in accordance with necessity. The generation
and recording of the recording data in the present
embodiment are executed to a iecording medium such as a
flash memory 133 by the operations of the image
processing unit 125 and the recording unit 134 under
control of the CPU 121 of the image pickup apparatus in
FIG. 1.

[0073]Subsequently, an image processing for generating
refocused image data from the compressed LF data in the
present embodiment will be described by using FIG. 11.
This image processing is also executed by the operation
of the image processing unit 125 under control of the
CPU 121.

[0074]In STEP (E), a predetermined refocus amount is set
into each area and refocused image data corresponding
to each area is generated. In the present embodiment,
in the second area, since all of the subpixels are
added, the refocus processing is not executed but a
refocused image according to the predetermined refocus
amount of the first area is generated from the LF data
of the first area obtained in STEP (C).

{0075]In STEP (F), final refocused image data of the whole
image 1is generated. In the present embodiment, by
coﬁposing the refocused image of the first area
generated in STEP (E) and the image data of the second
area generated in STEP (D), a final refocused image
corresponding to the whole photographed image is
generated. '

[0076]The areas in the LF data which are set are not limited
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to a first area 1401b and a second area 1402b but third
areas 1403b and 1404b in which a degree of addition of
the subpixels differs from those of the first and
second areas may be set as illustrated in FIG. 14. 1In
the third areas 1403b and 1404b in FIG. 14, there is
generated (2 x 2)-division LF data constructed by: an
added signal All of the signals of the four subpixels
P01, P02, P05, and P06; an added signal Al2 of the
signals of the four subpixels P03, P04, P07, and PO8;
an added signal A21 of the signals of the four
subpixels P09, P10, P13, and Pl4; and an added signal
A22 of the signals of the four subpixels P11, P12, P15,
and P16. It is not always necessary that the third
areas are one area but may be constructed by a
plurality of areas such as third areas 1403b and 1404b
in FIG. 14. This is true of the first area and the
second area.

[0077]In the image processing unit 125, a dark correction, a
shading correction, a de-mosaicking correction, and the
like may be performed toc any one of the first image
data, the second image data, and the third image data
or to a plurality of combinations thereof.

[0078]The image is displayed by the display unit 131 on the
basis of the third image data generated by the
foregoing image processing operation. |

[0079]The present embodiment is an example of the image
pickup apparatus having the image processing unit for
executing the image processing operation mentioned
above. The present embodiment is an example of the
display unit having the image processing unit for
executing the image processing operation mentioned
above.

[0080]By the foregoing construction, the necessary
information is held and the data amount of the LF data
can be remarkably suppressed.

[0081]Example 2
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[0082]Subsequently, the second embodiment of the invention
will be described. The present embodiment is an
embodiment for accomplishing the suppression of the
data amount in the case of generating parallax image
data from the LF data.

The image processing operation for holding the
information necessary to generate a plurality of
parallax images from the LF data according to the
present embodiment and generating the compressed LF
data in which the data amount is suppressed will be
described by using FIGS. 15 and 16.

[0083]FIG. 15 is a diagram illustrating a flowchart for the
image processing operation of the present embodiment in
a manner similar to FIG. 11 of the first embodiment.
FIG. 16 is a diagram schematically illustrating a flow
for the image processing operation of the present
embodiment by using the picked-up image and
schematically illustrates the areas which are set onto
the display screen and shows an example in which they
become subjects of the different image processings. 1In
the diagrams, the same portions as those in FIGS. 10
and 11 are designated by the same reference numerals.
The operations which will be described with reference
to FIGS. 15 and 16 are also executed by the CPU 121
(program) and the image processing unit 125. Although
the addition cof the signal data is also executed by the
image processing unit 125, if it is at least partially
executed as an addition read-out of the image pickup
signals in the image pickup element 107, a load of the
processing can be reduced (can be shared).

[0084]STEP (A) is similar to STEP (A) in FIG. 10.

[0085]In STEP (Bl), a first area 1602c which does not
include the focus detection area 1100 is set. LF data
of the set first area 1602c is read out, the focus
detection of the phase difference method is performed

every plural partial areas in the first area 1602c is
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performed, and an image shift amount map is calculated.
On the basis of the calculated image shift amount map,
the first area 1602c is set again so as to include an
area where a magnitude of the image shift amount p is
larger than the predetermined value pg (|p| > Po) -

After the first area 1602c is set, an area in which the
first area 1602c is eliminated from the whole area of
the image pickup element is set as a second area 1601lc.

[0086]It is also possible to construct in such a manner that,
in accordance with necessity, the second area 1601c
including the focus detection area 1100 is set, an
image shift amount map is calculated, and on the basis
of the calculated image shift amount map, the second
area may be set again and the first area is set. That
is, it is also possible to .construct in such a manner
that the second area 160lc is set again so as to
include an area where the magnitude of the image shift
amount p 1s smaller than the predetermined value pg
(|p| < po) and an area in which the second area 1601lc
is eliminated from the whole area of the image pickup
element may be set as a first area 1602c.

[0087]Therefore, in the second embodiment, the first area
and the second area are selected in accordance with the
image shift amount of the LF data.

[0088]In the case where a processing speed is preferentially
set in the photographing of a moving object or the like,
the processing for performing the calculation of the
image shift amount map and the resetting of the first
area 1602c as mentioned above may be omitted in
accordance with necessity. :

[0089]In STEP (C’), the signal data of the subpixels 201 to
216 is individually read out as LF data of the first
area 1602c. The operation for individually reading out
the signal data of the subpixels of each pixel in the
present embodiment i1s similar to that in the first

embodiment.
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[0090]With respect to each pixel of the first area 1602c,
the signal data of the subpixels 201 to 216 is
individually read out and the image data in which the
LF data has been held is generated.

[0091]1In STEP (D1l), all of the LF data of the subpixels 201
to 216 is added with respect to each pixel of the
second area 160lc. The addition read-out operation of
the LF data of the subpixels in each pixel of the
second area 1601c in the present embodiment is similar
to that in the first embodiment.

[0092]With respect to each pixel of the second area 1601lc,
all of the LF data of the subpixels 201 to 216 is added
and the picked-up image data is generated.

[0093]In the present embodiment, in the first area, a (non-
addition) signal in which the LF data is held as it 1is
generated from the LF data serving as an image pickup
signal. On the other hand, in the second area, |
compressed LF data serving as pixel signal data in
which all of the LF data of the subpixels are added is
generated. As mentioned above, the degree of addition
of the LF data in the second area 1s larger than the
degree of addition of the LF data in the first area.

[0094]1In the case of generating a plurality of parallax
images (viewpoint images) from the LF data, in the area
where the magnitude of the image shift amount p is
small, the same picked-up image can be used for the
plurality of parallax images on the assumption that the
image shift amount is such an amount that the parallax
is inconspicuous. '

[0095]In the present embodiment, therefore, in the first
area including an area where the image shift amount p
among the subpixels corresponding to the different
partial pupil areas of the photographed image is
smaller than the predetermined value py, in order to
"suppress the data amount, the LF data of the subpixels

of each pixel is added and the compressed LF data is
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generated. In the other second area, by holding the
obtained LF data as it is, the image pickup data is
generated. Therefore, by the construction of the
present embodiment, the information necessary to
generate a plurality of parallax images is held and the
data amount can be suppressed.

[00%6]The image processing operation for generating a
plurality of parallax images from the compressed LF
data in the present embodiment will be described
hereinbelow by using FIG. 16.

[(0087]In STEP (El), by selecting the signal of the specific
subpixel among the subpixels 201 to 216 of each pixel,
parallax images of a plurality of first areas are
generated from the LF data of the second area obtained
in STEP (Cl). By combining the generated parallax
images of the plurality of first areas and the picked-
up image of the second area generated in STEP (D1), a
plurality of parallax images are generated.

Since the recording and display of the third image data
are similar to those in the first embodimént, their
description is omitted here.

[0098]By the foregoing construction, even in the present
embodiment, the necessary information is held and the
data amount of the LF data can be remarkably suppressed.

[0099]The functions of the processings illustrated in FIGS.
10 and 15 in the foregoing embodiments are realized by
a method whereby a program for realizing the functions
of the processings i1s read out of a memory and the CPU
121 executes it.

[0100]The invention is not limited to the foregoing
construction but the functions of all or a part of the
processings illustrated in FIGS. 10 and 15 may be
realized by dedicated hardware. The foregoing memory
can be constructed by a magnetooptic disk device, a
non-volatile memory such as a flash memory or the like,

a read-only recording medium such as a CD-ROM or the
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like, or a volatile memory other than a RAM. It can be
also constructed by a computer-readable and writable
recording medium by a combination of them.

[0101]The processings may be executed by a method whereby
the program for realizing the functions of the
processings illustrated in FIGS. 10 and 15 is recorded
in the computer-readable recording medium, and the
program recorded in the recording medium is read out
and stored into a computer system and is executed. It
is assumed that the “computer system” mentioned here
includes OS and hardware such as peripheral equipment
or the like. Specifically speaking, the invention
incorporates a case whq;e, first, the program which is
read out of a storage medium is written into a memory
provided for a function expanding board inserted in the
computer or a function expanding unit connected to the
computer, a CPU or the like provided for the function
expanding board or function expanding unit executes a
part or all of actual processings on the basis of
instructions of the program, and the functions of the
preéent_embodiments mentioned above are realized by
those processings.

[0102] “computer~readable recording medium” denotes a
portable medium such as flexible disk, magnetooptic
disk, ROM, CD-ROM, or the like, or a storage device
such as a hard disk built in the computer system or the
like. Further, it is assumed that “computer-readable
recording medium” denotes a medium which holds the
program for a predetermined time. For example, it is a
volatile mémory (RAM) in a computer system serving as a
server or a client in the case where the program has
been transmitted through a network such as Internet or
the like or a communication line such as a telephone
line or the like.

[0103]The program may be transmitted from the computer

system in which the program has been stored in a
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storage device or the like through a transmission

- medium or by a transmission wave in the transmission
medium to another computer system. “Transmission
medium” for transmitting the program denotes a medium
having an information transmitting function such as
network (communication network) like Internet or the
like or communication line (communication wire) like a
telephone line or the like.

[0104]The program may be a program for realizing a part of
the foregoing functions. Further, it may be what is
called a differential file (differential program) which
can realize the foregoing functions by a combination
with a program which has already been recorded in the
computer system.

[0105]A program product such as a computer-readable
recording medium or the like in which the prdgram has
been recorded can be also applied as an embodiment of
the invention. The foregoing program, recording medium,
transmission medium, and program product are also
incorporated in the purview of the invention.

[0106]Although the embodiments of the invention have been
described above in detail with reference to the
drawings, the specific construction is not limited to
those embodiments but a design and the like within a
range without departing from the gist of the invention
are also incorporated.

[0107]While the present invention has been described with
reference to exemplary embodiments, it is to be
understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.

[0108]This application claims the benefit of Japanese Patent
Application No. 2012-208871, filed September 21, 2012,

which is hereby incorporated by reference herein in its
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entirety.
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CLAIMS
An image processing apparatus for processing image
pickup signals of subpixels obtained by an image pickup
element constructed by arfanging a plurality of unit
pixels each of which is constructed by a plurality of
subpixels for receiving light passing through different
partial pupil areas of a focusing optical system and
generating image data of a photographed image which is
photographed by the image pickup element, comprising:
a setting unit configured to set a first area and a
second area different from the first area onto the
photographed image;
an image processing unit configured to add a part of
the image pickup signals of the subpixels which are
obtained from the image pickup element in such a manner
that the number of image pickup signals of the
subpixels per unit pixel in the image data of the
photographed image corresponding to the first area is
larger than that of the image data of the photographed
image corresponding to the second area and generate the
image data of the photographed image; and
a recording unit configured to record the image data of
the photographed image into a recording medium in a
predetermined recording format.
An image processing apparatus according to claim 1,
further comprising an obtaining unit configured to
obtain in-focus information of the photographed image,
wherein the setting unit sets the first and second
areas on the basis of the in-focus information which is
obtained by the obtaining unit.
An image processing apparatus according to claim 1,
further comprising an obtaining unit configured to
obtain an image shift amount between the subpixels
corresponding to the different partial pupil areas of
the photographed image,

wherein the setting unit sets the first and second

PCT/JP2013/075216
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areas on the basis of the image shift amount which is
obtained by the obtaining unit.

An image processing apparatus according to claim 2,
wherein the in-focus information is a magnitude of a
defocus amount of a. predetermined area on the
photographed image.

An image processing apparatus according to claim 1,
wherein the image processing unit sets the first area
as an area in which a magnitude of a defocus amount 1is
smaller than a predetermined value, and sets the second
area as an area in which a magnitude of a defocus
amount 1is larger than the predetermined value.

An image processing apparatus according to claim 3,
wherein the image processing unit sets the first area
as an area in which the image shift amount is larger
than a predetermined value, and sets the second area as
an area in which the image shift amount is smaller than
the predetermined value. »

An image processing apparatus according to any one of
claims 1 to 6, further comprising a refocus image
generating unit configured to read out the image data
of the photographed image from the recording medium,
add the image pickup signals of the subpixels
corresponding to the first area in the image data of
the photographed image, generate refocused image data
corresponding to the first area, combine the generated
refocused image data and the image data of the
photographed image corresponding to the second area,
and generate a refocused image of the photographed
image.

An image processing apparatus according to any one of
claims 1 to 6, wherein the image processing unit reads
out the image data of the photographed image from the
recording medium, generates parallax image data from
the image data of the photographed image corresponding

to the first area, combines each of the generated

PCT/JP2013/075216
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parallax image data and the image data of the
photographed image corresponding to the second area,
and generates a plurality of parallax images of the
photographed image.

An image processing apparatus according to any one of
claims 1 to 8, wherein the image processing unit
controls the setting unit, sets a focus detection area
in the photographed image, and sets the first area so
as to include the focus detection area.

An image pickup apparatus comprising:

an image pickup element constructed by arranging a
plurality of unit pixels each of which is constructed
by a plurality of subpixels for receiving light passing
through different partial pupil areas of a focusing
optical system; and

the image processing apparatus according to any one of
claims 1 to 8.

An image pickup apparatus further comprising a display
unit, wherein the display unit displays the refocused
image or the plurality of parallax images which are
generated by the image procéssing unit according to
claim 7 or 8 with respect to the photographed image.
An image pickup apparatus comprising:

an image pickup element constructed by arranging a
plurality of unit pixels each of which is constructed
by a plurality of subpixels for receiving light passing
through different partial pupil areas of a focusing
optical system; '

the image processing apparatus according to claim 2;
and

a calculating unit configured to calculate the in-focus
information on the basis of the image pickup signal of
the subpixel of a predetermined area of the
photographed image.

An image pickup apparatus according to claim 12,

wherein the calculating unit calculates an image shift
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amount between parallax images of the predetermined
area of the photographed image by a correlation
arithmetic operation, thereby calculating the in-focus
information.

An image pickup apparatus according to claim 12,
wherein the calculating unit calculates the in-focus
information on the basis of contrast evaluation values
of a plurality of refocused images which are generated
on the basis of the image pickup signals of the
subpixels of the photographed image.

An image processing method of processing image pickup
signals of subpixels obtained by an image pickup
element constructed by arranging a plurality of unit
pixels each of which is constructed by a plurality of
subpixels for receiving light passing through different
partial pupil areas of a focusing optical system and
generating image data of a photographed image which is
photographed by the image pickup element, comprising:
an obtaining step of obtaining in-focus information of
the photographed image;

a setting step of setting a first area and a second
area different from the first area onto the
photographed image on the basis of the in-focus
information which is obtained in the obtaining step:
an image processing step of adding a part of the image
pickup signals of the subpixels which are obtained from
the image pickup element in such a manner that the
number of image pickup signals of the subpixels per
unit pixel in the image data of the photographed image
corresponding to the first area is larger than that of
the image data of the photographed image corresponding
to the second area and generating the image data of the
photographed image; and

a recording step of recording the image data of the
photographed image into a recording medium in a

predetermined recording format.
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A program in a control method of an image processing
apparatus for processing image pickup signals of
subpixels obtained by an image pickup element
constructed by arranging a plurality of unit pixels
each of which is constructed by a plurality of
subpixels for receiving light passing through different
partial pupil areas of a focusing optical system and
generating image data of a photographed image which is

photographed by the image pickup element,

~wherein the program allows a computer to function as:

an obtaining unit configured to obtain in-focus
information of the photographed image;

a setting unit configured to set a first area and a
second area different from the first area onto the
photographed image on the basis of the in-focus
information which is obtained by the obtaining unit;

an image processing unit configured to add a part of
the image pickup signals of the subpixels which are
obtained from the image pickup element in such a manner
that the number of image pickup signals of the
subpixels per unit pixel in the image data of the
photographed image corresponding to the first area is
larger than that of the image data of the photographed
image corresponding to the second area and generate the
image data of the photographed image; and

a recording unit configured to record the image data of
the photographed image into a recording medium in a
predetermined recording format.

A computer-readable recording medium which records the
program according to claim 16.

A program for allowing a computer to function as each
unit of the image processing apparatus according to any
one of claims 1 to 9.

A recording medium which stores a program for allowing
a computer to function as each unit of the image

processing apparétus according to any one of claims 1
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