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(57) ABSTRACT

There is provided an image pickup apparatus that, even if
image data has insufficient depth difference between an
object and a background, accurately discriminates a region
including an object and a region including a background. The
image pickup apparatus includes a generation unit configured
to generate image data, and a discrimination unit configured,
based on first image data generated by the generation unit,
when an in-focus position is at a first focal position at which
an object is in-focus state or a second focal position on a short
distance side of the first focal position, and second image data
generated by the generation unit, when an in-focus position is
at a third focal position on a far distance side of a focal
position at which a background is in-focus state, to discrimi-
nate a first region including the object and a second region
including the background.
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FIG.3
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FIG.4

REGION DISCRIMINATION
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IMAGE PICKUP APPARATUS, CONTROL
METHOD FOR IMAGE PICKUP APPARATTUS,
AND STORAGE MEDIUM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an image pickup
apparatus, a control method for the image pickup apparatus,
and a storage unit. More particularly, the present invention
relates to an image pickup apparatus such as an electronic still
camera or a video camera, and a control method for the image
pickup apparatus, and a storage medium that stores a program
for controlling the image pickup apparatus.

[0003] 2. Description of the Related Art

[0004] In recent years, many image pickup apparatuses
such as digital cameras or digital video cameras are provided
with functions for performing image processing on a region
other than an object of interest. For example, as one of the
functions, there is a function for giving a pseudo blurring
effect to a background region of picked-up image data, for
example.

[0005] Generally, if an image pickup apparatus has a large
image sensor like a single-lens reflex camera, the depth of
field becomes shallow by opening an aperture to make the
focal distance longer, and it becomes relatively easy to pick
up the image data that has a blurred background other than the
object that is in focus as described above.

[0006] On the other hand, in an image pickup apparatus
having a small image sensor such as a compact digital camera,
even if the above-described method is employed, the depth of
field tends to become deeper, and as a result, it is difficult to
pick up the image data with a blurred background.

[0007] Inview of'this fact, it is known that even the image
pickup apparatus having a small image sensor such as a
compact digital camera can acquire image data with a blurred
background, by discriminating an object region from a back-
ground region of the picked-up image data, and performing
the filtering processing on the background region.

[0008] Japanese Patent Application Laid-Open No. 2007-
124398 discusses a technique for acquiring a spatial fre-
quency component from the picked-up image data, in order to
discriminate an object region and a background region. That
is, in the technique discussed in Japanese Patent Application
Laid-Open No. 2007-124398, a blur amount on the back-
ground side of the picked-up image data is increased by
adjusting the position of a focus lens so that the object is
positioned at rear end of the depth of field. Then, a spatial
frequency component amount for each of a plurality of seg-
mented blocks is calculated, and a block of which value is
equal to or greater than a threshold value is discriminated as
the object region.

[0009] However, in the technique discussed in Japanese
Patent Application Laid-Open No. 2007-124398, there is a
problem that sufficient accuracy cannot be obtained if a blur
amount on the background region side is small, since dis-
crimination between the regions is performed from the space
frequency component amount of one frame of the image data.
In particular, in the image pickup apparatus having a small
image sensor like the compact digital camera which is in
widespread use in recent years, there is a tendency that suf-
ficient blur amount is not obtained even when the above-
described processing is performed. As a result, it is difficultto
perform discrimination between the regions from the space
frequency component amount of one frame of the image data.
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SUMMARY OF THE INVENTION

[0010] The present invention is directed to an image pickup
apparatus, a control method for the image pickup apparatus,
and a storage unit capable of, even if image data has an
insufficient depth difference between an object and a back-
ground, accurately discriminating a region containing the
object from a region containing the background.

[0011] According to an aspect of the present invention, an
image pickup apparatus includes a generation unit configured
to generate first image data, when an in-focus position is a first
focal position at which an object is in focus state or a second
focal position on a near distance side of the first focal position,
and second image data generated by the generation unit, when
an in-focus position is a third focal position on a far distance
side of a focal position at which a background is in focus state,
and a discrimination unit configured, based on the first and
second image data generated by the generation unit, to dis-
criminate between a first region including the object, and a
second region including the background.

[0012] According to another aspect of the present inven-
tion, a control method of an image pickup apparatus includes
discriminating, based on first image data obtained at an in-
focus position which is a first focal position at which an object
is in focus state or a second focal position on a near distance
side of the first focal position, and second image data obtained
atan in-focus position which is a third focal position on a long
distance side of a focal position at which a background is
brought into focus, a first region containing the object and a
second region containing the background.

[0013] According to yet another aspect of the present
invention, a storage medium storing a program for controlling
an image pickup apparatus, wherein the program executes a
process via a computer includes discriminating, based on first
image data obtained at an in-focus position which is a first
focal position at which an object is brought into focus or a
second focal position on a near distance side of the first focal
position, and second image data obtained at an in-focus posi-
tion which is a third focal position on a far distance side of a
focal position at which a background is brought into focus, a
first region including the object and a second region including
the background.

[0014] Further features and aspects of the present invention
will become apparent from the following detailed description
of exemplary embodiments with reference to the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
exemplary embodiments, features, and aspects of the inven-
tion and, together with the description, serve to explain the
principles of the invention.

[0016] FIG.1isablock diagram illustrating a configuration
of'an image pickup apparatus 100 according to an exemplary
embodiment of the present invention.

[0017] FIG. 2isablock diagram illustrating a configuration
of a region discrimination circuit 112 in FIG. 1 according to
an exemplary embodiment of the present invention.

[0018] FIG. 3 is a flowchart illustrating an operation of
image pick-up processing of the image pickup apparatus 100
according to an exemplary embodiment of the present inven-
tion.
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[0019] FIG. 4 is a flowchart illustrating an operation of
region discrimination processing of the image pickup appa-
ratus 100 according to an exemplary embodiment of the
present invention.

[0020] FIG.5isablock diagram illustrating a configuration
of'an image pickup apparatus 500 according to an exemplary
embodiment of the present invention.

[0021] FIG. 6isablock diagram illustrating a configuration
of a background blurred image generation unit 513 in FIG. 5§
according to an exemplary embodiment of the present inven-
tion.

[0022] FIG. 7 is a flowchart illustrating an operation of
background blurring processing of the image pickup appara-
tus 500 according to an exemplary embodiment of the present
invention.

[0023] FIGS. 8A and 8B illustrate an example of a relation-
ship between a distance of scanned pixels and an object
region, and gain a value of the image pickup apparatus 500
according to an exemplary embodiment of the present inven-
tion.

[0024] FIG. 9 illustrates another example of a relationship
between a distance of a scanned pixel and an object region,
and a gain value of the image pickup apparatus 500 according
to an exemplary embodiment of the present invention.
[0025] FIG.10is a distance map of the image pickup appa-
ratus 500 according to an exemplary embodiment of the
present invention

[0026] FIGS.11A,11B, and 11C illustrate blurs and bleeds
occurring in the conventional image processing.

DESCRIPTION OF THE EMBODIMENTS

[0027] Various exemplary embodiments, features, and
aspects of the invention will be described in detail below with
reference to the drawings.

[0028] First, an overall configuration of an image pickup
apparatus according to an exemplary embodiment of the
present invention will be described with reference to FIG. 1.
FIG. 1 is a block diagram illustrating a configuration of the
image pickup apparatus 100 according to an exemplary
embodiment of the present invention.

[0029] The image pickup apparatus 100 includes a control
unit 117 that performs control of the entire image pickup
apparatus 100. The control unit 117 is constituted by a central
processing unit (CPU) or a micro-processing unit (MPU), and
controls an operation of each circuit described below. The
control unit 117 controls driving for adjusting a diaphragm
(not illustrated). An image pickup control circuit 116 controls
adiaphragm driving mechanism (not illustrated) for changing
an aperture diameter of the diaphragm, according to a signal
from the control unit 117.

[0030] Further, the control unit 117 controls driving for
adjusting a focus lens (not illustrated) within an imaging lens
101. The image pickup control circuit 116 controls a lens
driving mechanism (not illustrated) that performs focusing by
driving the focus lens in an optical axis direction, according to
a signal from the control unit 117. The lens driving mecha-
nism includes a stepping motor or a direct current (DC) motor
as a driving source. As lenses within the imaging lens 101, a
variable power lens and a stationary lens in addition to the
focus lens are provided, and a lens unit is configured includ-
ing these lenses.

[0031] An image sensor 102 is constituted by a charge-
coupled device (CCD) sensor or a complementary metal-
oxide-semiconductor (CMOS) sensor or other sensors, and
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its surface is covered with RGB color filters like, for example,
Bayer array, which enable color image pick up. An object
image incident via the imaging lens 101 including the focus
lens is formed on the image sensor 102. The image sensor 102
photoelectrically converts the object image to generate image
data. Then, the generated image data is stored in a memory
103.

[0032] The control unit 117 calculates a shutter speed and
an aperture value which allow the entire image data to have a
proper exposure, and calculates a driving amount of the imag-
ing lens 101 to focus on the object. Then, the exposure value
(shutter speed, and aperture value) calculated by the control
unit 117 and information indicating the driving amount of the
imaging lens 101 are output to the image pickup control
circuit 116. Exposure control and focus adjustment are per-
formed based on the respective values.

[0033] A color conversion matrix circuit 104 applies a color
gain to the picked-up image data to be reproduced in an
optimal color, and converts them into color difference signals
R-Y and B-Y. A low pass filter (LPF) circuit 105 is used to
limit bands of color difference signals R-Y and B-Y. A
chroma suppress (CSUP) circuit 106 is used to suppress a
false color signal of a saturation portion, out of the image data
band-limited by the LPF circuit 105.

[0034] On the other hand, the picked-up image data is also
output to a luminance signal generation circuit 107. The lumi-
nance signal generation circuit 107 generates a luminance
signal Y, from the input image data. An edge enhancement
circuit 108 performs edge enhancement processing on the
generated luminance signal Y.

[0035] An RGB conversion circuit 109 converts the color
difference signals R-Y and B-Y output from the CSUP circuit
106, and the luminance signal Y output from the edge
enhancement circuit 108 into RGB signals. A gamma correc-
tion circuit 110 performs gradation correction on the con-
verted RGB signals. Thereafter, a color luminance conversion
circuit 111 converts the RGB signals that have been subjected
to the gradation correction into YUV signals.

[0036] A region discrimination circuit 112 performs dis-
crimination between the object region and the background
region with respect to the image data converted into the YUV
signals. The detailed configuration of the region discrimina-
tion circuit 112 will be described below. An image processing
unit 113 performs image processing such as blurring process-
ing on the background region. A joint photographic experts
group (JPEG) compression circuit 114 compresses by JPEG
method or the like the image data which has been subjected to
the image processing by the image processing unit 113, and
stores the image data after being compressed in an external or
internal recording medium 115.

[0037] Then, a specific configuration of the region dis-
crimination circuit 112 will be described. FIG. 2 is a block
diagram illustrating a configuration of the region discrimina-
tion circuit 112 in FIG. 1. As illustrated in FIG. 2, the region
discrimination circuit 112 includes an edge detection unit
201, an edge subtraction unit 202, an edge integral value
calculation unit 203, an edge integral value evaluation unit
204, and a region map generation unit 205.

[0038] Hereinbelow, an operation of the image pickup
apparatus 100 according to the present exemplary embodi-
ment will be described in detail with reference to FIGS. 3 and
4. The following processing procedure is stored in the
memory (not illustrated) in the control unit 117 as a computer
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program (software), and the CPU (not illustrated) in the con-
trol unit 117 reads out and executes the computer program.
[0039] First, an operation of the image pick-up processing
by the image pickup apparatus 100 will be described with
reference to FIG. 3. FIG. 3 is a flowchart illustrating an
operation of the image pick-up processing by the image
pickup apparatus 100.

[0040] After the status of a switch 1 (SW 1) for performing
imaging standby operation such as exposure control and
focus adjustment is turned “ON”, and imaging standby opera-
tion to focus on the object and to obtain proper exposure is
performed, the status of'a switch 2 (SW 2) for performing an
imaging operation is turned “ON”. At this time, in step S301,
the control unit 117 acquires a distance to a current object. In
this process, the distance to the object can be calculated based
on, for example, a lens position at which the object is in-focus
state.

[0041] Instep S302,the control unit 117 drives the imaging
lens 101 so as to focus on the background. At this time, a
photographer may optionally determine an in-focus position
of the background by operating the image pickup apparatus
100, or the image pickup apparatus 100 may automatically
perform focus detection of a plurality of areas within an angle
of field, to thereby determine the in-focus position of the
background.

[0042] Instep S303, the controlunit 117 acquires a distance
to a current background. In this process, the distance to the
background can be calculated based on, for example, a lens
position at which the background is in-focus state. In step
S304, the control unit 117 drives the imaging lens 101 so that
the background is positioned at a front end of the depth of
field. That is, the imaging lens 101 is moved to a position
(third focal position) on a far distance side of the in-focus
position of the background, within a range where the back-
ground is in the depth of field.

[0043] In step S305, the control unit 117 performs control
to perform imaging operation. The image data generated by
the image sensor 102, through the imaging operation is stored
in the memory 103. Further, the image data obtained by the
imaging operation is in focus on the background side which is
within a range of the depth of field of the focus position, but
the object positioned forward is blurred more than the back-
ground because it is outside the depth of field of the focus
position, and a blur amount thereof is larger than when the
background is in focus.

[0044] In step S306, the control unit 117 determines
whether the background is present within the same depth of
field as that of the object, when the object is brought into
in-focus state, based on the distance to the background and
the distance to the object previously acquired (based on the
imaging condition). If the background is present within the
same depth of field as that of the object (YES in step S306),
the processing proceeds to step S307. On the other hand, if the
background is not present within the same depth of field as
that of the object (NO in step S306), the processing proceeds
to step S309.

[0045] First, the processing in step S307 will be described.
In step S307, the control unit 117 drives the imaging lens 101
to focus on the object. In step S308, the image pickup appa-
ratus 100 performs imaging operation, and stores the image
data generated by the imaging operation in the memory 103.
[0046] Next, the processing in step S309 will be described.
In step S309, the control unit 117 drives the imaging lens 101
so that the object is positioned at a rear end of the depth of
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field. That is, the imaging lens 101 is moved to a position
(second focal position) on a short distance side of the in-focus
position (first focal position) of the object, within a range
where the object is inside the depth of field. In step S310, the
image pickup apparatus 100 performs imaging operation, and
stores the image data generated by the imaging operation in
the memory 103.

[0047] Next, an operation of region discrimination process-
ing by the image pickup apparatus 100 will be described with
reference to FIG. 4. FIG. 4 is a flowchart illustrating the
region discrimination processing by the region discrimina-
tion circuit 112. More specifically, FIG. 4 is a flowchart
illustrating the discrimination processing between the object
region and the background region of the image data.

[0048] In step S401, the edge detection unit 201 performs
band pass filtering processing on the image data that is in
focus on the object side and the image data that is in focus on
the background side acquired by the processing illustrated in
FIG. 3, to take absolute values, and acquires edges of respec-
tive image data.

[0049] The “image data that is in focus on the object side”
is the image data acquired in steps S308 or S310. Further, the
“image data that is in focus on the background side” is the
image data acquired in step S305. The image data that is in
focus on the object side is an example of first image data, and
the image data that is in focus on the background side is an
example of second image data.

[0050] Instep S402,the edge subtraction unit 202 subtracts
edges of the image data that is in focus on the background side
from edges of the image data that is in focus on the object side
for each pixel to generate the edge difference (hereinafter,
referred to as edge difference image data) of the image data.
In step S403, the edge integral value calculation unit 203
divides the edge difference image data generated in step S402
into a plurality of regions, and integrates edge amounts of
respective regions.

[0051] Instep S404, the edge integral value evaluation unit
204 compares an integral value of edge amounts of respective
regions calculated in step S403 with a predetermined thresh-
old value. If the integral value the edge amounts is equal to or
greater than the predetermined threshold value, the edge inte-
gral value evaluation unit 204 determines that the region is an
object region. On the other hand, the edge integral value
evaluation unit 204, if the integral value of the edge amounts
is smaller than the predetermined threshold value, determines
that the region is a background region. The above-described
predetermined threshold value may be a predefined fixed
value, or may be adaptively obtained from a histogram dis-
tribution of the edges of the image data.

[0052] In step S405, the region map generation unit 205
generates a region map which can discriminate the object
region and the background region, based on a determination
result in step S404. In the above-described region map, for
example, acombination ratio is represented with a pixel value
of the image data itself. In order to make unevenness of a
boundary inconspicuous, with respect to the region map, the
low pass filter may be applied to a boundary between the
object region and the background region. The above-de-
scribed object region is an example of a first region, and the
above-described background region is an example of a sec-
ond region.

[0053] Next, the blurring processing of the background
region according to the present exemplary embodiment will
bedescribed. The image processing unit 113 performs special
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filtering processing on the picked-up image data to generate
blurred image data IMG 2. The image data which is a target to
be subjected to the special filtering processing is image data
picked up in either of steps S305, S308 and S310.

[0054] In the above-described special filtering processing,
the filtering processing is performed on the picked-up image
data based on designated filter shape. In the filtering process-
ing, interpolation of the luminance value of saturated pixel is
performed, by multiplying a pixel having a predetermined
luminance value by a gain value K arbitrarily set.

[0055] Next, the image processing unit 113 combines the
image data IMG 1 that is in focus on the object side acquired
in step S308 or S310 and the blurred image data IMG 2, based
on the above-described region map. An example of combina-
tion processing of the image data will be described. The
image processing unit 113 combines the image data IMG 1
that is in focus on the object side and the blurred image data
IMG 2, based on o (0=a=1) obtained from the pixel value of
the above-described region map, and generates combined
image data “B”. That is, the image processing unit 113 cal-
culates each pixel B[i,j] of the combined image data B using
the following equation 1.

Bfijj=IMG1[ij] *afij]+IMG2[i j]*(1-a)

[0056] The combined image data “B” obtained by the
above-described processing is acquired as the background
blurred image data. Further, the generation processing of the
background blurred image data in the present exemplary
embodiment is not limited to the above-described exemplary
embodiment.

[0057] For example, the background blurred image data
may be acquired, by performing the special filtering process-
ing only on the background region of the image data that is in
focus on the object side, based on the region map. The blurred
image data IMG 2 may be generated by reducing the picked-
up image data, and enlarging the reduced image data to return
it to its original size.

[0058] Alternatively, the blurred image data IMG 2 may be
generated by applying the low pass filter to the picked-up
image data. The “picked-up image data” is image data picked
up in either of steps S305, S308 and S310.

[0059] It becomes possible to perform the special image
processing on the background region segmented by the
above-described processing.

[0060] Further, the present invention is not limited to these
exemplary embodiments, and various variations and modifi-
cations are possible within the scope of the present invention.
For example, the order of imaging operations of the image
data that is in focus on the background side, the image data
that is in focus on the object or the image data that is in focus
on the object side may be interchanged.

[0061] Further, the region discrimination processing
according to the present exemplary embodiment is performed
using the image data that is in focus on the object side and the
image data that is in focus on the background side, but it is not
limited thereto. For example, when further performing
another processing on an object which is present on a short
distance side of a main object, three or more pieces of image
data including image data picked up by moving the in-focus
position to the short distance side of the object may be used.
In this case, by performing the region discrimination process-
ing according to the present exemplary embodiment in which
the main object is regarded as the background, it becomes
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possible to divide the image data into a plurality of regions
according to the depth of field.

[0062] Further, in the above-described exemplary embodi-
ment, an example of picking up the image data is illustrated in
steps S305, S308 and S310, but it is not limited thereto. For
example, after having picked up the image datathatis in focus
on the object, the image data that is in focus on the back-
ground side may be generated by performing image process-
ing so that the image data comes closer to an in-focus state of
an image which would be obtained if the imaging lens is
located at a position at which the background is in-focus state.
Similarly, image data thatis in focus on the object side may be
generated by performing image processing so that the image
data comes closer to a focus state of an image which would be
obtained if the object is positioned at a rear end of the depth of
field.

[0063] According to the present exemplary embodiment,
after acquiring respective edges of image data picked up at the
in-focus position of the object or by shifting to a position on
the short distance side of the in-focus position of the object,
and image data picked up by shifting to a position on a long
distance side of the in-focus position of the background,
region discrimination is performed based on their difference
values. Accordingly, even in the image data in which a depth
difference between the object and the background is insuffi-
cient, it becomes possible to perform region discrimination
between the object and the background with a high accuracy.
[0064] Image data of the background region to which blur-
ring effect has been given by exposure amount correction
processing for estimating actual exposure amount of satu-
rated pixel, and applying a gain according to the estimated
actual exposure amount, and image data of the object region
to which the blurring effect has not been given may be com-
bined. In such a case, a blur and bleed due to a blur of the
saturated pixel on the object region may occur, in the back-
ground region in the proximity of the object region.

[0065] Hereinbelow, referring to FIGS. 11A to 11C, the
phenomenon will be specifically described. FIG. 11A illus-
trates image data picked up while the object is brought into
focus. FIG. 11B illustrates the image data to which the blur-
ring effect has been given by performing exposure amount
correction processing on the image data illustrated in FIG.
11A. In a case where only the object region of the image data
illustrated in FIG. 11A is segmented, and is combined with
the image data illustrated in FIG. 11B, a blur and bleed occurs
as illustrated in FIG. 11C.

[0066] Thus, in the present exemplary embodiment, the
configuration of the image pickup apparatus, and the opera-
tion of the image pickup apparatus for obtaining the image
data in which occurrence of the blur and bleed on the back-
ground region in the close proximity of the object region is
suppressed will be described.

[0067] First, an overall configuration of the image pickup
apparatus will be described with reference to F1IG. 5. FIG. 5 is
a block diagram illustrating the configuration of an image
pickup apparatus 500.

[0068] The image pickup apparatus 500 includes a control
unit 517 that performs control of the entire image pickup
apparatus 500. The control unit 517 is constituted by a CPU,
an MPU, or the like, and controls operations of respective
circuits described below. An imaging lens 501 is detachably
attached to the image pickup apparatus 500 via a mount unit
(notillustrated). An electric contact unit 521 is provided in the
mount unit.
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[0069] The control unit 517 in the image pickup apparatus
500 performs communication with the imaging lens 501 via
the electric contact unit 521, and controls driving for adjust-
ing a focus lens 518 and a diaphragm 522 within the imaging
lens 501. A lens control circuit 520, according to a signal from
the control unit 517, controls a lens driving mechanism 519
that drives the focus lens 518 in an optical axis direction to
perform focusing.

[0070] The lens driving mechanism 519 has a stepping
motor or a direct current (DC) motor as a driving source.
Further, a diaphragm control driving circuit 524 controls a
diaphragm driving mechanism 523 for altering an aperture
diameter of the diaphragm 522, according to a signal from the
control unit 517. In FIG. 5, only the focus lens 518 is illus-
trated as a lens within the imaging lens 501, but in addition to
this, a variable power lens or a stationary lens is provided, and
a lens unit is configured including these lenses.

[0071] In FIG. 5, an image sensor 502 is constituted by a
CCD sensor, a CMOS sensor, or other sensors, and its surface
is covered with a RGB color filter such as Bayer array, and is
capable of performing color imaging. When an object image
incident via the imaging lens 501 including the focus lens 518
attachable and detachable to and from the image pickup appa-
ratus 500 is formed on the image sensor 502, the image data
is generated, and is stored in a memory 503.

[0072] The control unit 517 calculates a shutter speed and
an aperture value so that the entire image data shows proper
exposure, and calculates a driving amount of the focus lens
518 so as to be in focus on the object located within an
in-focus region. Then, information indicating the exposure
value (shutter speed, and aperture value) calculated by the
control unit 517 and the driving amount of the focus lens 518
is output to an image pickup control circuit 516, the dia-
phragm control driving circuit 524, and the lens control cir-
cuit 520. Exposure control and focus adjustment is performed
based on each value.

[0073] A color conversion matrix circuit 504 applies color
gain so that the picked-up image data is reproduced in an
optimal color, and converts them into color diftference signals
R-Y and B-Y. A low pass filter (LPF) circuit 505 is used to
limit a band of the color difference signals R-Y and B-Y. A
chroma suppress (CSUP) circuit 506 is used to suppress a
false color signal of saturated portion, out of the image data
band-limited by the LPF circuit 505.

[0074] On the other hand, the picked-up image data is also
output to a luminance signal generation circuit 507. The lumi-
nance signal generation circuit 507 generates a luminance
signal Y from the input image data. An edge enhancement
circuit 508 performs edge enhancement processing on the
generated luminance signal Y.

[0075] An RGB conversion circuit 509 converts the color
difference signals R-Y and B-Y output from CSUP circuit
506, and the luminance signal Y output from the edge
enhancement circuit 508 into RGB signals. A gamma correc-
tion circuit 510 performs gradation correction on the con-
verted RGB signals. Thereafter, a color luminance conversion
circuit 511 converts the RGB signals that have been subjected
to the gradation correction into YUV signals.

[0076] A background blurred image generation unit 513
performs image processing for yielding a blurring effect on
the converted image data. The detailed configuration of the
background blurred image generation unit 513 will be
described below. A JPEG compression circuit 514 com-
presses the image data which has been subjected to image
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processing by the background blurred image generation unit
513 using the JPEG scheme or the like, and causes the image
data after being compressed to be stored in an external or
internal recording medium 515.

[0077] Next, a specific configuration of the background
blurred image generation unit 513 will be described. FIG. 6
illustrates a configuration of the background blurred image
generation unit 513. As illustrated in FIG. 6, the background
blurred image generation unit 513 includes an edge detection
unit 601, an edge subtraction unit 602, an edge integral value
calculation unit 603, an edge integral value evaluation unit
604, a region map generation unit 605, a blurring processing
unit 606, and an image combination unit 607.

[0078] Next, referring to the flowchart in FIG. 7, the back-
ground blurring processing by the background blurred image
generation unit 513 will be described.

[0079] In step S701, the image pickup apparatus 500 per-
forms imaging operation while focusing on the object. Next,
the image pickup apparatus 500 performs imaging operation
by displacing the focus lens to a predetermined amount to
focus on the background. After a plurality of image data have
been picked up at such different in-focus positions, in step
S702, the edge detection unit 601 detects edges of the image
data which has been picked up by focusing on the object, and
detects edges of the image data which has been picked up by
focusing on the background.

[0080] Examples of edge detection methods include a
method for detecting edges of the image data by performing
band pass filtering over the picked-up image data to take an
absolute value. The method for detecting edges is not limited
to this, and other methods may be used. Hereinbelow, edges
detected from the image data picked up by focusing on the
object are referred to as edge image data on the object in-
focus side, and edges detected from the image data picked up
by focusing on the background are referred to as edge image
data on the background in-focus side.

[0081] Instep S703,the edge subtraction unit 602 subtracts
the edge image data on the background in-focus side, from the
edge image data on the object in-focus side for each pixel to
generate the difference of edges of image data (hereinafter,
referred to as edge difference image data). In step S704, the
edge integral value calculation unit 603 divides the edge
difference image data generated in step S703 into a plurality
of regions, and integrates edge amounts of respective regions.
[0082] Instep S705, the edge integral value evaluation unit
604 compares an integral value of edge amounts of respective
regions calculated in step S704 and a predetermined thresh-
old value. If the integral value of edge amounts is equal to or
greater than the predetermined threshold value, the edge inte-
gral value evaluation unit 604 determines the region as an
object region. On the other hand, the edge integral value
evaluation unit 604, if an integral value of edge amounts is
smaller than the predetermined threshold value, determines
the region as a background region. The above-described pre-
determined threshold value may be a stationary value deter-
mined in advance, or may be adaptively obtained from a
histogram distribution of edges of the image data.

[0083] In step S706, the region map generation unit 605
generates segmented maps which enable discrimination of
the object region and the background region, based on a
determination result in step S705. In the segmented maps, for
example, acombination ratio is represented with a pixel value
of the image data itself. In order to make unevenness of a
boundary inconspicuous, with respect to the segmented
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maps, the low pass filter may be applied to a boundary
between the object region and the background region.

[0084] In step S707, the blurring processing unit 606 per-
forms blurring processing based on the segmented maps on
the image data picked up while the object is in-focus state, to
generate blurred image data.

[0085] The details of blurring processing in step S707 will
be described. In the blurring processing, the filtering process-
ing is performed on the image data picked up while the object
is in-focus state, based on designated filter shape. In the
filtering processing, the filtering processing is performed
after multiplying a pixel having a predetermined luminance
value, by a gain value K obtained from the table illustrated in
FIG. 8A, and interpolating the luminance value of the satu-
rated pixel. Hereinbelow, a pixel currently being scanned
(target portion) in the filtering processing is referred to as
scanned pixel.

[0086] FIG. 8A, instead of a table form, illustrates a rela-
tionship between distances of the scanned pixels to the object
region, and gain values. Actually, however, gain values cor-
responding to respective distances of the scanned pixels to the
object region are set in a table. The object region can be
discriminated from the above-described segmented maps.

[0087] As illustrated in FIG. 8A, a gain value K for the
scanned pixel takes a value O or more, and is a value deter-
mined depending on a distance “r” between the scanned pixel
and the object region. For example, as illustrated in FIG. 8B,
it is assumed that there are scanned pixels having distances
from the object region ra, and rb (ra<rb). At this time, in the
table illustrated in FIG. 8A, a gain value Kh is set for the
scanned pixel having a shorter distance ra from the object
region, and a gain value K which is higher than Kh is set for
the scanned pixel having a longer distance rb from the object
region.

[0088] Ina case where the scanned pixel lies on the object
region, the gain value is set to Kmin. A gain value to be set in
the table illustrated in FIG. 8A is determined based on a
number of taps or waveform of a filter. For example, if the
number of taps of filter is great, “r” is set to a gain value with
greater value in order to be free from the influence of pixels on
the object region.

[0089] However, the present invention is not limited to this,
but gain values K and Kmin with stationary values as illus-
trated in FIG. 9 may be used. The gain value K is an example
of a predetermined second gain value, and the gain value
Kmin is an example of a predetermined first gain value.

[0090] The advantages when the gain values K and Kmin
with the stationary values are used will be described. For
example, if segmentation of the object region is accurately
performed on a per-pixel basis, a gain value K is always set for
apixel discriminated as a background region, and a gain value
Kmin is always set for a pixel discriminated as the object
region. As a result, a blur of the saturated pixel of the object
region is suppressed to a minimum, and therefore a blur and
bleed of the image data after being combined can be pre-
vented. As illustrated in FIG. 9, K>Kmin is satisfied.

[0091] Next, the advantages of determining a gain value
using a table as illustrated in FIG. 8A will be described. For
example, if an error between actual position of the object
region and a position of segmented object region occurs, a
blur and bleed due to a blur of the saturated pixel of the object
region occurs, in the image data after being combined just for
the error. In this case, a blur and bleed of the image data after
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being combined can be prevented, by setting a lower gain
value for a pixel in the proximity of the object region.
[0092] The above-described filtering characteristics or the
gain value may be adaptively changed, based on a distance
map including depth information of the picked-up image
data. FIG. 10 illustrates an example of the distance map in
which depths of the image data are decomposed into a plu-
rality of levels. By referring to the distance map as illustrated
in FIG. 10, a filter shape is set to large, or a gain value is set to
high for a region with deep depth. On the other hand, a filter
shape is set to a small, or a gain value is set to low for a region
with shallow depth.

[0093] Returning to the description of FIG. 7, in step S708,
the image combination unit 607 segments the object region
from the image data picked up while the object is in-focus
state, based on the segmented maps, and combines thereof
with the blurred image data generated in step S707.

[0094] Inthis process, it is only necessary to perform com-
bination processing of the image data, in a similar way to, for
example, the above-described first exemplary embodiment.
In other words, the image combination unit 607 combines the
object region of the image data IMG 1 [i, j] picked up while
the object is in-focus state and the blurred image data IMG 2
[i,]], basedon at [1, j] (0=0=1) obtained from pixel values of
the segmented maps, to generate combined image data B [1, j].
That is, the image combination unit 607 calculates combined
image data B [i, j] using the equation 1 in the first exemplary
embodiment. [i, j] indicates each pixel.

[0095] By the above-described processing, the image com-
bination unit 607 can acquire blurred image data obtained by
interpolating the luminance value of the saturated pixel, while
suppressing occurrence of the blur and bleed of the back-
ground region in the close proximity of the object region.
Further, a distance “r” between the scanned pixel and the
object region in the present exemplary embodiment is a dis-
tance to a object region which is present nearest with the
scanned pixel at its center, but the distance “r”, by obtaining
a center of gravity coordinates of the main object, may be a
distance from the center of gravity coordinates to the scanned
pixel.

[0096] Further, the segmented maps in the present exem-
plary embodiment are generated from two pieces of the image
data: the image data picked up while the object is in-focus
state and the image data picked up while the background is
in-focus state, but may be generated from three or more pieces
of the image data including the image data picked up while
the front side of the object is in-focus state.

[0097] As described above, according to the present exem-
plary embodiment, image data which has been subjected to
the filtering processing by switching a gain value for the
saturated pixel according to a distance from the object region,
and image data picked up while a sharp object is in-focus
state, are combined based on the segmented maps. Accord-
ingly, itbecomes possible to generate image data to which the
blurring effect is given with estimated actual exposure
amount to a high luminance region of the background, while
suppressing occurrence of a blur and bleed on the periphery of
a high luminance region of the object, and the image data
desirable for a photographer can be provided.

[0098] Aspects of the present invention can also be realized
by a computer of a system or apparatus (or devices such as a
CPU or MPU) that reads out and executes a program recorded
on a memory device to perform the functions of the above-
described embodiments, and by a method, the steps of which
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are performed by a computer of a system or apparatus by, for
example, reading out and executing a program recorded on a
memory device to perform the functions of the above-de-
scribed embodiments. For this purpose, the program is pro-
vided to the computer for example via a network or from a
recording medium of various types serving as the memory
device (e.g., computer-readable medium). In such a case, the
system or apparatus, and the recording medium where the
program is stored, are included as being within the scope of
the present invention.

[0099] 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
modifications, equivalent structures, and functions.

[0100] This application claims priority from Japanese
Patent Applications No. 2011-262684 filed Nov. 30,2011 and
No. 2011-262703 filed Nov. 30, 2011, which are hereby
incorporated by reference herein in their entirety.

What is claimed is:

1. An image pickup apparatus comprising:

a generation unit configured to generate first image data,
when an in-focus position is a first focal position at
which an object is in focus state or a second focal posi-
tion on a near distance side of the first focal position, and
second image data generated by the generation unit,
when an in-focus position is a third focal position on a
far distance side of a focal position at which a back-
ground is in focus state; and

a discrimination unit configured, based on the first and
second image data generated by the generation unit, to
discriminate between a first region including the object,
and a second region including the background.

2. An image pickup apparatus according to claim 1,
wherein the second focal position is a position within a range
in which the object falls inside a depth of field, and is a
position on a near distance side of the first focal position.

3. An image pickup apparatus according to claim 1,
wherein the third focal position is a position within a range in
which the background falls inside a depth of field, and is a
position on a far distance side of a focal position at which the
background is brought into focus.

4. An image pickup apparatus according to claim 1,
wherein the generation unit is configured to generate the first
image data by positioning a focus lens at either of the first
focal position and the second focal position, according to an
imaging condition.

5. An image pickup apparatus according to claim 1, further
comprising:

a processing unit configured to perform predetermined
filtering processing on the first image data or the second
image data; and

a combination unit configured to combine the first image
data or the second image data that has been subjected to
the predetermined filtering processing by the processing
unit, based on a discrimination result of the discrimina-
tion unit, and the first image data that has been generated
by the generation unit.

6. An image pickup apparatus according to claim 5, further

comprising:

a determination unit configured to determine a gain value
according to a distance between a target portion in the
image data and a region including the object, wherein
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the processing unit performs the predetermined filtering
processing on the image data after interpolating the tar-
get portion using the gain value determined by the deter-
mination unit.

7. An image pickup apparatus according to claim 6,
wherein the determination unit is configured so that the deter-
mined gain value is less as the distance between the target
portion and the region including the object decreases.

8. An image pickup apparatus according to claim 6,
wherein the determination unit is configured to determine, in
a case where the target portion is included in the region
including the object, a predetermined first gain value, and
determines, in a case where the target portion is included in
other than the region including the object, a predetermined
second gain value.

9. An image pickup apparatus according to claim 6,
wherein the predetermined first gain value is smaller than the
predetermined second gain value.

10. An image pickup apparatus according to claim 6,
wherein the determination unit changes the gain value to be
determined according to characteristics of a filter used in the
predetermined filtering processing.

11. An image pickup apparatus according to claim 6,
wherein the determination unit is configured to change the
gain value to be determined according to a depth offield of the
target portion.

12. An image pickup apparatus according to claim 6,
wherein the processing unit is configured to change the char-
acteristics of the filter according to a depth of field of the
target portion.

13. An image pickup apparatus according to claim 1, fur-
ther comprising:

a processing unit configured to reduce the size of the first
image data or the second image data, and to enlarge
reduced image data to thereby return it to its original
size; and

a combination unit configured to combine the first image
data or the second image data that has been processed by
the processing unit based on a discrimination result of
the discrimination unit, and the first image data that has
been generated by the generation unit.

14. An image pickup apparatus according to claim 1, fur-

ther comprising:

a processing unit configured to apply a low pass filter to the
first image data or the second image data; and

a combination unit configured to combine the first image
data or the second image data processed by the process-
ing unit, based on a discrimination result of the discrimi-
nation unit, and the first image data that has been gen-
erated by the generation unit.

15. A control method of an image pickup apparatus com-

prising:

discriminating, based on first image data obtained at an
in-focus position which is a first focal position at which
an object is in focus state or a second focal position on a
near distance side of the first focal position, and second
image data obtained at an in-focus position which is a
third focal position on a long distance side of a focal
position at which a background is brought into focus, a
first region containing the object and a second region
containing the background.

16. A storage medium storing a program for controlling an

image pickup apparatus, wherein the program executes a
process via a computer, the process including:
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discriminating, based on first image data obtained at an
in-focus position which is a first focal position at which
an object is brought into focus or a second focal position
on a near distance side of the first focal position, and
second image data obtained at an in-focus position
which is a third focal position on a far distance side of a
focal position at which a background is brought into
focus, a first region including the object and a second
region including the background.
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