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IMAGE PROCESSING APPARATUS AND
METHOD, CONTROL PROGRAM, AND STORAGE
MEDIUM

FIELD OF THE INVENTION

[0001] The present invention relates to an image process-
ing apparatus and method for adding blur to an image to
generate an image with a blur effect, a control program, and
a storage medium.

BACKGROUND OF THE INVENTION

[0002] As is generally known, the image quality of analog
cameras, digital cameras, and the like largely depends on the
performance of image sensing lenses. Since the image
sensing lens of a camera such as a single-lens reflex camera
called a high-end model has a large aperture size, a bright
image can be obtained.

[0003] Even when the object luminance remains the same,
the depth of field can be changed by variously selecting the
combinations of apertures and shutter speeds and, as a result,
the blur effect of objects other than a principal object can be
freely controlled. The high-end model can take appealing
photos for such reason.

[0004] However, a camera having a lens with a large
aperture size becomes large and heavy as a whole since its
image sensing lens is large. By contrast, a lens-shutter
camera or the like has advantages in a small size and light
weight, but its image sensing lens has a small aperture size
and a large depth of field. Hence, it is difficult for such
compact camera to take an image with a blur effect, which
can be taken by a camera with a lens of a large aperture size.

[0005] Hence, Japanese Patent Laid-Open No. 9-181966
discloses a method of adding blur by an image process using
images taken using a pair of image sensing lenses having
parallax. FIG. 19 shows a concept of this conventional
image processing method.

[0006] Initially, a pair of images A and B having parallax
are input. The amount of image deviation of each object in
the image is calculated based on these images A and B using
a known correlation operation or the like, and the distance
to the object is calculated based on the image deviation
amount. The amount of blur of each object is calculated
based on the distance information, and an image process that
reproduces such blur is applied to image A or B. Upon
calculating the blur amount, the operator inputs the focal
length, f-number, focal point position, and the like of the
image sensing lens in advance, and the blur amount is
calculated based on such information together with the
distance information. In this way, an image with a blur effect
like that taken by a lens with a large aperture size can be
generated from images taken via the lenses with a small
aperture size.

[0007] However, in the above prior art, two images A and
B are used to calculate the image deviation amount, and an
image generated via the image process for adding blur is
either image A or B. For example, in case of a digital camera,
assuming that image A or B is defined by 640x480 pixels
(about 300,000 pixels), an image sensing element having at
least 600,000 pixels or two image sensing elements having
300,000 pixels are required to obtain two images A and B.
However, the generated image with a blur effect is defined
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by 300,000 pixels. That is, in order to obtain an image of an
arbitrary number of pixels, to which blur is added by the
image process, the number of pixels at least twice that of the
image to be obtained is required, and the resolution of the
obtained image is limited relative to the required cost and
space.

[0008] Furthermore, upon calculating the image deviation
amount (distance) of each object, if an image has a low
contrast, the correlation operation of the image deviation
amount often results in a calculation error. However, the
prior art does not consider any processing operation when
such error has occurred. For example, when an object to
which blur is not to be added suffers such calculation error,
blur is automatically added, and an unnatural image with
low image quality is output against operator’s intention.

SUMMARY OF THE INVENTION

[0009] The present invention has been made in consider-
ation of the above problems, and has as its object to provide
an image processing apparatus and method which can gen-
erate an image with a blur effect like that is taken by a lens
with a large aperture size by an image process, and can
obtain an image with higher resolution, a control program,
and a storage medium.

[0010] Inorder to solve the above problems and to achieve
the above object, an apparatus according to the first aspect
of the present invention is characterized by the following
arrangement.

[0011] That is, an apparatus comprises:

[0012] (A) an input device that input a first image,
and a second image which has parallax with respect
to the first image; and

[0013] (B) an image processing device that execute
different image processes for first, corresponding
regions of the first and second images input by the
input device, and second regions thereof different
from the first regions, and composite the first and
second images.

[0014] An apparatus according to the second aspect of the
present invention is characterized by the following arrange-
ment.

[0015] That is, an apparatus comprises:

[0016] (A) an input device that input a first image,
and a second image which has parallax with respect
to the first image; and

[0017] (B) an image processing device that add pre-
determined blur to at least the first image on the basis
of an image deviation amount between the first and
second images due to the parallax, the image pro-
cessing device not adding the predetermined blur
when the image deviation amount between the first
and second images due to the parallax is not more
than a predetermined detection level.

[0018] A method according to the first aspect of the
present invention is characterized by the following arrange-
ment.
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[0019] That is, a method comprises:

[0020] (A) the input step of inputting a first image,
and a second image which has parallax with respect
to the first image; and

[0021] (B) the image processing step of executing
different image processes for first, corresponding
regions of the first and second images input in the
input step, and second regions thereof different from
the first regions, and compositing the first and second
images.

[0022] A method according to the second aspect of the
present invention is characterized by the following arrange-
ment.

[0023] That is, a method comprises:

[0024] (A) the input step of inputting a first image,
and a second image which has parallax with respect
to the first image; and

[0025] (B) the image processing step of adding pre-
determined blur to at least the first image on the basis
of an image deviation amount between the first and
second images due to the parallax, the image pro-
cessing step including the step of not adding the
predetermined blur when the image deviation
amount between the first and second images due to
the parallax is not more than a predetermined detec-
tion level.

[0026] A control program according to the present inven-
tion is characterized by the following arrangement.

[0027] That is, a control program makes a computer
implement the aforementioned method.

[0028] A storage medium according to the present inven-
tion is characterized by the following arrangement.

[0029] That is, a storage medium computer-readably
stores the aforementioned control program.

[0030] Other objects and advantages besides those dis-
cussed above shall be apparent to those skilled in the art
from the description of a preferred embodiment of the
invention which follows. In the description, reference is
made to accompanying drawings, which form a part hereof,
and which illustrate an example of the invention. Such
example, however, is not exhaustive of the various embodi-
ments of the invention, and therefore reference is made to
the claims which follow the description for determining the
scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a flow chart showing a concept of an
image processing method according to an embodiment of
the present invention;

[0032] FIG. 2 is a side view of an image sensing unit
which takes a plurality of images having parallax;

[0033] FIG. 3 is a view of an image sensing lens from the
entrance surface side;

[0034] FIG. 4 is a view of the image sensing lens from the
exit surface side;
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[0035] FIG. 5 is a view of an image sensing element from
the entrance surface side;

[0036] FIG. 6 is a view of the image sensing element from
the exit surface side;

[0037] FIG. 7 is a sectional view of an optical system in
the image sensing unit so as to explain a change in image
deviation amount;

[0038] FIG. 8 is a graph showing the relationship between
the image deviation amount and distance in the embodiment
of the present invention;

[0039] FIG. 9 shows four images having parallax obtained
by the image sensing unit;

[0040] FIG. 10 is a flow chart showing the image pro-
cessing method of FIG. 1 in more detail;

[0041] FIG. 11 shows four images having parallax
obtained by the image sensing unit to explain block seg-
mentation;

[0042] FIG. 12 visually shows the distribution of image
deviation amounts on an image segmented into blocks;

[0043] FIG. 13 is a partial enlarged view near the center
of the image sensing element to explain replacement of
image data;

[0044] FIGS. 14A and 14B show two different filter
matrices used in a blur filter process;

[0045] FIG. 15 partially shows a color filter matrix in a
Bayer matrix;

[0046] FIG. 16 is a perspective view of an image pro-
cessing apparatus (digital camera) in the second embodi-
ment;

[0047] FIG. 17 is a block diagram of an electrical system
in the image processing apparatus (digital camera);

[0048] FIG. 18 is a flow chart showing the operation of
the image processing apparatus (digital camera); and

[0049] FIG. 19 shows a concept of a conventional image
process.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0050] Preferred embodiments of the present invention
will be described hereinafter with reference to the accom-
panying drawings.

[0051] (First Embodiment)

[0052] FIG. 1 shows a concept of an image processing
method according to the first embodiment of the present
invention. In FIG. 1, images C, D, E, . . . are a plurality of
images having parallax.

[0053] In step S101, these plurality of images are input,
and image deviation amounts in a plurality of blocks in the
images are calculated by a known correlation operation. It is
checked in step S102 if any calculation errors of the image
deviation amounts in respective blocks are detected. If NO
in step S102, the flow advances to step S103; otherwise, the
flow jumps to step S106. In step S103, a principal object and
background are separated based on the image deviation
amounts, and the flow branches to step S104 for a region
determined as a principal object in the image sensing frame,
or to step S105 for a region determined to be a background.
In step S104, a deviation correction image process (to be

Samsung Exhibit 1008, Page 22 of 29
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00461



US 2003/0071905 Al

described later) for correcting the image deviation amounts
to a predetermined amount to prevent any image quality
drop due to the deviation of image upon image composition
in step S106 is executed. On the other hand, a blur image
process for adding blur different from that of an image
sensing optical system is executed in step S105. Finally, the
plurality of images are composited in step S106 to generate
a high-resolution image. The flow of the image processing
method in this embodiment has been roughly explained.
Note that at least two different image processes are executed
in the steps bounded by a dotted line 107 in FIG. 1.

[0054] An example that implements the aforementioned
image processing method will be explained below.

[0055] FIGS. 2 to 4 show an image sensing unit of an
image sensing device that can take a plurality of images
having parallax. This image sensing unit shown in these
figures has the same arrangement as that of an image sensing
device disclosed in Japanese Patent Laid-Open No. 2001-
78213, i.e., has optical systems provided in correspondence
with the colors of color filters, and can form an image
equivalent to that taken by a single-plate image sensing
element with a Bayer matrix by compositing images
obtained by the respective optical systems. Since these
optical systems are independent from each other, their
images have parallax, and the positions of respective optical
images, i.e., image deviation amounts change depending on
the distance to an object. Also, this image deviation amount
is designed to match a % pixel at a given predetermined
distance, and a so-called pixel shift method that can obtain
a high-resolution image using a fewer number of pixels is
used. In this embodiment, images obtained by the image
sensing device using such image sensing unit undergo an
image process.

[0056] A detailed arrangement of the image sensing unit
will be explained first.

[0057] FIG. 2 is a side view of the image sensing unit that
takes a plurality of images having parallax. An image
sensing unit 201 comprises an image sensing lens 202,
housing 203, and image sensing element 204 from the
entrance surface side, and has a structure in which the
housing 203 is sandwiched between the image sensing lens
202 and image sensing element 204. As shown in FIG. 3, on
the entrance surface side of the image sensing lens 202, a
stop 205 having apertures 2054 and 205c¢, and color filters
206a and 206c¢ are formed by means of, e.g., printing.

[0058] FIGS. 3 and 4 are views of the image sensing lens
202 from the entrance and exit surface sides, respectively.
The image sensing lens 202 has four lens portions 2024,
202b, 202¢, and 202d, and four apertures 2054, 205b, 205c¢,
and 205d. Four color filters 206a, 2065, 206¢, and 206d are
formed in correspondence with the four apertures 205a,
205b, 205¢c, and 205d. Therefore, four optical images are
formed on the image sensing element 204. Note that infrared
cut filter films having low transmittance to a wavelength
range of 670 nm or lower are formed on the lens portions
2024, 202b, 202¢, and 202d. The spacing between the lens
portions 202a and 202b, that between the lens portions 2024
and 202¢, and those between the lens portions 2025 and
202c¢, and the lens portion 2024 are set to be equal to each
other.

[0059] FIG. 5 is a view of the image sensing element 204
from the entrance surface side. The image sensing element
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204 has four image sensing regions 204a, 204b, 204c, and
2044 in correspondence with the four lens portions 202a,
202b, 202¢, and 202d. Note that the image sensing element
204 has a pixel portion as additional pixels in a region other
than the four image sensing regions 204a, 204b, 204c, and
2044, and these four image sensing regions are extracted and
used upon sensing an image.

[0060] Note that the color filters 206a and 206d have
spectral transmittance characteristics for mainly transmitting
green, the optical filter 206b has spectral transmittance
characteristics for mainly transmitting red, and the optical
filter 206¢ has spectral transmittance characteristics for
mainly transmitting blue. That is, these filters are primary
color filters.

[0061] The arrangement of pixel shift, i.e., image devia-
tion due to parallax will be explained below.

[0062] FIG. 6 is a view of the image sensing element 202
in FIG. 2 from the entrance surface. In FIG. 6, a point So
is the central point of an image sensing element pixel
forming portion, and points Sa, Sb, Sc, and Sd are respec-
tively the central points of the image sensing regions 2044,
204b, 204c, and 204d.

[0063] On the other hand, FIG. 7 is a sectional view of an
optical system in which only the image sensing lens 202 and
the light-receiving surface of the image sensing element 204
of the image sensing unit shown in FIG. 2 are indicated by
the bold lines. In FIG. 7, a central line Lo passes through the
central point So and is perpendicular to the light-receiving
surface 204. A point light source K which is located on this
central line Lo and is separated by a distance d will be
examined below.

[0064] Let La and Lc be the chief rays of light rays which
are emitted by the point light source K and pass through the
lens portions 202a and 202¢ of the image sensing lens 202,
and Ka and Kc be the intersections with the light-receiving
surface of the image sensing element 204. Note that FIG. 7
does not illustrate the lens portions 2026 and 2024, but the
same concept can apply since they are arranged at sym-
metrical positions, and a description thereof will be omitted.
In FIG. 6, the intersections between chief rays of the lens
portions 202a, 202b, 202¢, and 202d in association with the
point light source K, and the image sensing element 204 are
indicated by Ka, Kb, Kc, and Kd. Therefore, if reference
numerals 207a,207b, 207¢, and 207d in FIG. 6 respectively
denote four optical images formed on the image sensing
element 204 upon sensing an object located at the distance
d, these optical images are formed to have the points Ka, Kb,
Kc, and Kd as the centers.

[0065] At this time, the points Ka, Kb, Kc, and Kd are set
to deviate a % pixel from the points Sa, Sb, Sc, and Sd
toward the central point So. More specifically, the respective
image sensing regions 204a, 204b, 204c¢, and 204d receive
optical images which deviate a % pixel from each other, and
such process is nothing but pixel shift. When the optical
images 207a, 207b, 207c, and 207d are composited so that
the points Sa, Sb, Sc, and Sd overlap each other, a high-
resolution image by means of pixel shift can be obtained.
Furthermore, since the aforementioned color filters are pro-
vided, the images to be composited are known Bayer matrix
images optimal to a color image. The arrangement of pixel
shift in this embodiment has been explained.

Samsung Exhibit 1008, Page 23 of 29
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00461



US 2003/0071905 Al

[0066] A case will be examined below wherein the dis-
tance d of the point light source K (object) has changed, and
the object has moved to a point light source Kx, as shown
in FIG. 7. The chief rays of the lens portions 202a and 202¢
change, as indicated by the dotted lines in FIG. 7, and the
intersections between the chief rays and the light-receiving
surface of the image sensing element 204 move to points
Kxa and Kxc. That is, this demonstrates that the positions of
optical images change depending on the distance to an
object, i.e., optical images in such case have deviated from
those received by the image sensing regions 202a and 202¢
in a state wherein % pixel shift is established. In this
embodiment, this deviation is called an image deviation
amount. For example, the absolute value of the image
deviation amount in % pixel shift is 0.5 pixels.

[0067] The relationship between the object distance and
parallax in this embodiment will be explained below.

[0068] InFIG.7, when the point light source K has moved
toward the image sensing lens 202 side, as described above,
the spacing between the points Ka and Kc broadens, i.e., the
image deviation amount increases. On the other hand, when
the point light source K has moved in a direction farther
from the image sensing lens 202, the spacing between the
points Ka and Kc narrows, i.e., the image deviation amount
decreases. Hence, when such change in image deviation
amount depending on the distance and the pixel pitch are
appropriately set, and the image deviation amount is
detected at a plurality of positions in the image sensing
frame, an object and background can be easily separated.

[0069] Now, we will calculate an image deviation amount
in this embodiment in practice. In FIG. 7, let Kx be a point
light source at an arbitrary position on the central line Lo,
and dx be the distance from the light-receiving surface at
that time. Also, a, ¢, Xa, and xc are defined, as shown in FIG.
7, and let 1 be the spacing between the lens portions 202a and
202c¢, and f be the distance between the image sensing lens
202 and the light-receiving surface of the image sensing
element 204. At this time, “xa+xc” represents an image
deviation amount at the distance dx with reference to the
image deviation amount at the distance d, and is calculated.
From the similar condition of a triangle, we have:

dx—f:l=f:a+c+xa+xc @)
d-fl=f-a+c @

[0070] Since the lens portion 202a of the image sensing
lens 202 has a green color filter and the lens portion 202¢ has
a red color filter, they have different parallax change sensi-
tivities due to wavelengths. However, since such difference
is slight and can be ignored, a and c, and xa and xc are equal
to each other. Hence, a, ¢, xa, and xc are defined as:

a=c=P/2, xa=xc=X/2 3

[0071] When equations (1) and (2) substituted with equa-
tions (3) are solved for X, an image deviation amount X (i.e.,
the value of “xa+xc”) at an arbitrary distance dx can be
calculated as:

X=lfi(dx=-H-If1d-h) Q)

[0072] Let Sp be the pixel pitch of the image sensing
element 204. Then, by dividing the image deviation amount
X by Sp, an image deviation amount for each pixel can be
calculated.
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[0073] Then, we will calculate the relationship between
the image deviation amount and distance by setting param-
eter values on the basis of equation (4) above. Equations (5)
below indicate respective parameter values used in this
embodiment:

f=1.45 mm, Sp=3.9 um
d=2380 mm, 1=1.4012 mm 5)

[0074] where d is the distance when a % pixel shift is
established, and is determined based on the field angle of the
image sensing lens 202, and the size of an assumed object.

[0075] FIG. 8 is a graph showing the calculation result of
the relationship between the image deviation amount and
distance based on equations (4) and (5). The abscissa plots
the distance to an object, and the ordinate plots the image
deviation amount at that distance (unit=pixels). A curve 208
represents the image deviation amount calculated using
equations (4) and (5). In this case, since a relative parallax
amount is calculated with reference to the image deviation
amount at the distance d, the image deviation amount
becomes zero near a distance=2380 mm, but an actual image
deviation amount as the absolute value at that distance is
-0.5 pixels due to the % pixel shift effect.

[0076] As can be understood from the curve 208, a change
in image deviation amount is large within the range from 0
to 1000 mm, and is small after 1000 mm. Hence, assuming
that the principal object is located at a point 209 within the
range from 0 to 1000 mm, and the background is located at
a point 210 after 1000 mm, the principal object and back-
ground can be easily separated as long as a plurality of
image deviation amounts in the image sensing frame can be
detected, and their difference X1 can be determined.

[0077] Note that the image deviation amount at the infinite
distance assumes a value obtained when dx in equation (4)
is infinity, and is —0.219 pixels if it is calculated using the
parameters of equations (5). Such small image deviation
amount causes nearly no image quality drop due to pixel
shift.

[0078] Note that the change in image deviation amount
has been explained while focusing on the lens portions 202a
and 202c¢. Since the spacings of the lens portions are set to
be equal to each other, the image deviation amounts between
the lens portions 202a and 202b, between the lens portions
202b and 202d, and between the lens portions 202¢ and 202d
similarly change. Furthermore, as for the lens portions 202a
and 202d, and the lens portions 202b and 202¢ in the
diagonal directions, the change in image deviation amount is
the same as that in FIG. 8, since the sensitivities become v2
times but the pixel pitch also becomes V2 times.

[0079] The image processing method using the images
obtained by the aforementioned image sensing unit will be
explained below. Since the rough flow of the image process
has already been explained using FIG. 1, a detailed pro-
cessing method will be explained.

[0080] FIG. 9 shows four parallax images obtained by the
aforementioned image sensing unit. Images 211a, 211b,
211c, and 211d respectively correspond to the optical images
207a, 207b, 207c, and 207d on the image sensing element
204 shown in FIG. 6. More specifically, the images 211a
and 2114 are formed via the green color filters, the image
2115 is formed via the blue color filter, and the image 211c¢
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is formed via the red color filter. Note that vertically and
horizontally inverted images are obtained as actual images
by the image sensing lens 202, but FIG. 9 illustrates erected
images for the sake of easy understanding. In this embodi-
ment, a parallax amount is calculated using the pair of
images 211a and 211d obtained via the green color filters.
This is because higher precision can be assured compared to
arithmetic operations between different wavelengths, and
green in R, G, and B has the highest spatial resolution and
can improve the arithmetic precision. In the image process
of this embodiment, non-compressed raw image data (quan-
tization image signal of the image sensing element 204)
which does not undergo any process is used. In this way, the
calculation precision of the image deviation amount can be
improved and the processing time can be improved com-
pared to a case wherein the image deviation amount is
calculated by a reverse operation from compressed color
image data.

[0081] FIG. 10 is a flow chart that shows the flow chart in
FIG. 1 in more detail. A detailed flow will be explained
using these flow charts. In FIG. 10, the steps bounded by a
dotted line 311 correspond to 107 in FIG. 1. Hence, in the
steps bounded by the dotted line 311, at least two different
image processes, i.e., a first image process 312 (correspond-
ing to step S104 in FIG. 1), and a second image process 313
(corresponding to step S105 in FIG. 1) are executed.

[0082] In step S301, four parallax images taken by the
image sensing unit 201 are input, and are segmented into a
plurality of blocks for respective pixels. FIG. 11 is a view
for explaining this block segmentation. As shown in FIG.
11, the images 211a and 211d obtained via the green color
filters are segmented into blocks. As the number of pixels
per block is smaller, the boundary with the background can
become smoother upon separating a principal object. How-
ever, if the number of pixels per block is too small, the
correlation operation upon calculating the image deviation
amount (to be described later) cannot hold. Hence, the
number of pixels per block preferably defines a rectangle of
5%5 pixels or more. In this embodiment, each block is a
square consisting of 10x10 pixels.

[0083] In step S302, the image deviation amounts in
respective blocks are calculated using a known correlation
operation. For example, focusing attention on a block 212a
in the image 211a shown in FIG. 11, one image deviation
amount is calculated using image data of a block 2124 of the
image 2114 corresponding to this block 212a. Note that the
images 211a and 212d correspond to the optical images
207a and 207d in FIG. 6, and are formed by the lens
portions 202a and 202d in FIG. 4. Hence, the moving
direction of optical images depending on the distances
agrees with a direction indicated by a double-headed arrow
213, and the image deviation amount changes in the direc-
tion of this arrow. Since the spacings between the lens
portions are set to be equal to each other, the arrow 213 in
which the change in image deviation amount takes place has
a slope of 45°. The image deviation amount in the direction
of the arrow 213 may be detected based on a synthetic vector
of parallax amounts calculated in the vertical and horizontal
directions. However, in this embodiment, in order to reduce
the load on calculations, the image deviation amount in the
direction of the arrow 213 is directly calculated by a
correlation operation.
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[0084] In step S303, an image deviation amount distribu-
tion is formed based on the calculated image deviation
amounts of the blocks. In this case, the image deviation
amounts are categorized into two groups. Assuming that a
principal object is present within 1000 mm from FIG. 8, a
parallax amount at that time is 0.3 pixels or more. Hence, it
is checked in this case if the image deviation amount is not
less than or less than 0.3 pixels.

[0085] FIG. 12 visually illustrates the distribution of
image deviation amounts on the image 211a or 211d seg-
mented into blocks. On this distribution image, blocks
painted in black indicate image deviation amounts of 0.3
pixels or more, and white blocks indicate image deviation
amounts of less than 0.3 pixels. As can be seen from FIG.
12, only a principal object can be separated on the image
211a or 211d. Note that blocks painted in gray indicate those
in which image deviation amount calculation errors have
occurred, and such errors tend to occur in a low-contrast
portion such as sky in the background.

[0086] In step S304, one representative image deviation
amount in the blocks painted in black in FIG. 12, i.e., in the
principal object, is calculated. More specifically, the average
value of the image deviation amounts of the plurality of
blocks painted in black is calculated, and this value is stored
as a representative image deviation amount in the principal
object.

[0087] It is checked in step S305 if an image deviation
amount can be calculated in each block, i.e., if any calcu-
lation error is detected. In case of a block in which a
calculation error has occurred (gray block in FIG. 12), the
flow jumps to step S310; otherwise, the flow advances to
step S306.

[0088] It is checked in step S306 if each of the blocks
without any calculation errors corresponds to the principal
object. If it is determined that a given block corresponds to
the principal object (black block in FIG. 12), the flow
advances to a deviation correction image process in steps
S307 and S309; if it is determined that a given block does
not correspond to the principal object (white block in FIG.
12), i.e., if it is determined that the block corresponds to a
background, the flow advances to a blur filter process in step
S308.

[0089] In steps S307 and S309, the deviation correction
image process for correcting image deviation to a predeter-
mined amount so as to reduce an image quality drop of the
principal object upon image composition due to image
deviation is executed.

[0090] In step S307, an image deviation compensation
amount is calculated to nearly remove image quality drop
factors such as color misregistration upon image composi-
tion. Let Xavg be the representative image deviation amount
calculated in step S304 previously. Then, an image deviation
compensation amount Xcmp is given by:

Xemp={Xavg-(-0.5)}/2 (6)
[0091] Note that “0.5” in equation (6) is inserted with
reference to the pixel shift amount upon pixel shift. This
image deviation compensation amount Xcmp is rounded to
an integer in units of pixels, thus facilitating the subsequent
processes.

[0092] In step S309, image data are replaced on the basis
of the image deviation compensation amount calculated in
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step S308. FIG. 13 is a view for explaining this process, and
illustrates the central point So and a portion near the central
point Sa of the image sensing region 204a of the image
sensing element 204 shown in FIG. 6 in an enlarged scale.
One region 214 will be examined below. Assume that a
value “1.0 pixel” is calculated as the image deviation
compensation amount by equation (6). Since the principal
object is present on the near distance side, an optical image
formed on the image sensing region 204a moves outside the
central point So. Therefore, image deviation can be cor-
rected by replacing image data in a region, which is one
pixel inside the region 214 toward the central point and is
indicated by the dotted line in FIG. 13, as image data of the
region 214. Also, in the remaining image sensing regions
204b, 204c, and 2044, image deviation can be corrected by
replacing image data with those one pixel inside correspond-
ing regions toward the central point So. All the regions
determined to be the principal object undergo the deviation
correction process.

[0093] In this way, when the image deviation compensa-
tion amount is calculated as an integer in units of pixels in
step S307, the image data replacement process in step S309
can be implemented by only shifting the regions. Note that
the image deviation compensation amount may be calcu-
lated as a value including a decimal part, and image data at
positions where no pixels are present in practice may be
calculated from surrounding image data by interpolation
upon replacement. As a result, the pixel shift effect can be
fully exhibited. However, since a maximum non-correction
amount from an appropriate image deviation amount upon
rounding the image deviation compensation amount to an
integer is 0.5 pixels, and such value has nearly no influence
on an image as color misregistration, this embodiment
adopts the above arrangement in consideration of high-speed
processes.

[0094] The deviation correction image process in steps
S307 and S309 has been explained.

[0095] On the other hand, in step S308 a region which is
determined to be a portion other than the principal object in
the image sensing frame, i.e., a background portion under-
goes a blur filter process. FIGS. 14A and 14B show 9x9
filter matrices used in the blur filter process, and blur is
added by convoluting one of these matrices to respective
pixels of an image. The matrix in FIG. 14A indicates a large
blur amount, and the matrix in FIG. 14B indicates a small
blur amount. These matrices are calculated in advance on the
basis of the point spread function of the image sensing lens.
For example, assuming that the f-number of the image
sensing optical system is F5.6, the matrix in FIG. 14A
corresponds to F2.8, the matrix in FIG. 14B corresponds to
F4.0, and these matrices can add the blur effects that cannot
be realized by the image sensing optical system.

[0096] LetI(i, j) be image data of a pixel in the i-th row
and j-th column of the region determined to be a portion
other than the principal object, k be the row direction of the
matrix shown in each of FIGS. 14A and 14B, 1 be the
column direction, and Fil(k, 1) be the matrix value in k-th
row and 1-th column using matrix numbers ranging from -4
to 4 shown in FIGS. 14A and 14B. Then, image data I(I, J)
after blur addition is given by:
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4 4 )

Z Z (Filtk, - 1 =k, j=1))

i=—4k=—4

I, 0)= —
> Y Filtk, D)
=—4k=—4

[0097] By repeating such calculation for all pixels of white
blocks in FIG. 12, a background image can be effectively
blurred. Furthermore, not only the image 211a but also the
remaining images 2115, 211c, and 211d undergo similar
processes.

[0098] Since two different filter matrices are prepared in
this case, the photographer can selectively use them accord-
ing to his or her favor. In the above example, the background
undergoes the blur filter process using one filter. Alterna-
tively, the background shown in the image deviation amount
distribution map shown in FIG. 12 may be segmented in
accordance with the image deviation amounts, and may
undergo the blur filter processing a large number of filter
matrices corresponding to distances estimated from these
image deviation amounts. At this time, respective param-
eters of equations (5) are changed to increase change
amounts of the image deviation amount depending on the
distances even at relatively distant positions, thus easily
segmenting the background in accordance with the image
deviation amounts. However, in this embodiment, the back-
ground undergoes the blur filter process using only one filter
in consideration of high-speed processes. Hence, the process
of this embodiment is more effective for an image such as a
portrait photo in which the distance between the principal
object and background is large.

[0099] Finally, in step S310 a composite image is gener-
ated using the images 211a, 211b, 211¢, and 2114. In this
case, an image corresponding to a Bayer matrix based on
pixel shift is generated. FIG. 15 partially shows a color filter
matrix in a general Bayer matrix. In FIG. 15, R, G, and B
respectively indicate red, green, and blue color filters. This
filter matrix has a repetitive structure of four pixels, i.e., R,
G, G, and B. In this embodiment, since the Bayer matrix
based on pixel shift is used, a Bayer matrix image can be
generated by embedding image data of the images 211b,
211c, and 211d between neighboring pixels of the image
211a. Hence, by rearranging the image data of the images
211a,211b,211c, and 211d, a Bayer matrix composite image
can be generated.

[0100] The image processing method of this embodiment
has been explained.

[0101] In the flow chart shown in FIG. 10, no image
process is done for blocks in which calculation errors of
image deviation amounts have occurred, and the flow jumps
to the image composition process in step S310. However,
most of such blocks in which calculation errors have
occurred have low contrast, and no problem is posed in
terms of image quality even when images of such blocks do
not undergo any special process. For example, assume that
some blocks of the principal object have caused calculation
errors. The principal object undergoes the deviation correc-
tion image process to prevent color misregistration upon
image composition, but color misregistration is nearly indis-
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tinctive due to low contrast without such process. Also,
when some blocks of the background have caused calcula-
tion errors, they need not undergo a blur process due to low
contrast. Because other background blocks undergo the blur
image process, which means that an image is converted into
a low-contrast image. By contrast, when such blocks that
have caused calculation errors are separated into the prin-
cipal object and background by some means, if they undergo
wrong separation, opposite image processes are done, result-
ing in an unnatural image with low-image quality, which has
no value as an image.

[0102] From those perspectives, in this embodiment,
blocks in which calculation errors of image deviation
amounts have occurred do not undergo any processes. In this
manner, the processing algorithm can be simplified, and
high-speed processes can be realized. Especially, in an
apparatus which is mounted on, e.g., a mobile apparatus and
comprises an image sensing unit that has a fewer number of
pixels, includes a simple image sensing optical system, and
has a relatively low resolution, differences between a portion
which does not undergo any image process due to calcula-
tion errors, and that which has undergone the image process
are nearly indistinctive. Therefore, this embodiment is more
suitable for an apparatus with such image sensing unit. Note
that the principal object and background may be completely
separated using a known process such as grouping or the
like, and blocks that have caused calculation errors may
undergo some image processes.

[0103] The image processing method of the first embodi-
ment has been explained. Image deviation amounts are
calculated based on parallax images, the principal object
undergoes a deviation correction image process to generate
a high-quality image, and the background undergoes a blur
image process to effectively add a blur effect, thus obtaining
a high-quality image with a natural blur effect. Furthermore,
even when an image includes blocks in which calculation
errors of image deviation amounts have occurred, image
quality can be prevented from deteriorating considerably.

[0104] (Second Embodiment)

[0105] The second embodiment relates to an image pro-
cessing apparatus which integrally comprises the image
sensing unit and image processing unit in the first embodi-
ment. Note that parts denoted by the same reference numer-
als as those in the first embodiment are the same as those in
the first embodiment.

[0106] FIG. 16 is a perspective view of the image pro-
cessing apparatus of this embodiment, and a digital camera
is used as the image processing apparatus. Referring to FIG.
16, reference numeral 215 denotes a photographing button.
When the photographer presses this button, a photographing
operation starts. Reference numeral 216 denotes an optical
viewfinder; 217, an electronic flash; and 218, an image
sensing unit protected by a plane-parallel glass, in which the
image sensing unit 201 explained in the first embodiment is
arranged. Since the arrangement of the image sensing unit is
the same as that in the first embodiment, a description
thereof will be omitted. Reference numeral 219 denotes a
photographing mode setting member for setting various
photographing modes. Reference numeral 220 denotes an
external storage medium insertion slot, which is free to
open/close by a lid 221. By inserting an external storage
medium 222 into this external storage medium insertion slot,
sensed images can be saved.
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[0107] FIG. 17 is a block diagram of an electrical system
in the image processing apparatus shown in FIG. 16. The
image processing apparatus comprises an image sensing unit
which includes an image sensing lens 202 and image sensing
element 204, which receives a block signal from a TG
(timing generation) unit 402 and sends an analog image
signal to an A/D converter 401. The A/D converter 401
converts the analog image signal into a digital image signal,
which is sent to a digital signal processor 403. Furthermore,
the digital signal processor 403 is connected to a central
controller 404 and IF (interface) unit 405, and executes
known image processes such as AE (Auto Exposure), AWB
(Auto White Balance), gamma correction, image compres-
sion, and the like.

[0108] The IF unit 405 can connect an external storage
medium or the like, and when the IF unit 405 connects the
external storage medium 222 in FIG. 16, sensed image data
can be stored.

[0109] The central controller 404 includes a CPU (central
processing unit) 406 which makes various arithmetic opera-
tions, a ROM 407 which stores various operation programs,
and a RAM 408 which temporarily holds a digital image
signal. A photographing switch 409 and photographing
mode setting switch 410 corresponding to the photographing
button 215 and photographing mode setting member 219 in
FIG. 16 are connected to the central controller 404. In this
embodiment, when this photographing mode setting switch
410 is connected to a contact 411, an image process of the
first embodiment (flow chart in FIG. 10) using the filter
matrix of FIG. 14A is executed; when the switch 410 is
connected to a contact 412, an image process of the first
embodiment (flow chart in FIG. 10) using the filter matrix
of FIG. 14B is executed. A photographing mode in which
such process is executed will be referred to as a digital
portrait mode hereinafter. When the switch 410 is connected
to other contacts, one of photographing modes such as an
auto photographing mode, macro mode, nightscape mode,
and the like is selected and executed.

[0110] The arrangement of the image processing apparatus
of the second embodiment, which is applied to, e.g., a digital
camera, has been explained. An actual operation associated
with the image process of this embodiment will be explained
below using the flow chart in FIG. 18.

[0111] FIG. 18 is a flow chart showing the operation of the
digital camera in association with the image process of this
embodiment. This flow chart is stored in the ROM 407 of the
central controller 404 as a program.

[0112] In step S501, the digital signal processor 403
executes exposure operations such as AE, AWB, and the like
in response to depression of the photographing button 215,
and the TG unit 402 generates a clock signal based on the
calculated values, thus making charge accumulation on the
image sensing element 204 and reading out an analog image
signal. The flow then advances to step S502.

[0113] In step S502, the A/D converter 401 converts the
analog image signal into a quantized digital image signal.

[0114] Tt is checked in step S503 if the photographing
mode setting switch 410 is set in the digital portrait mode.
If the digital portrait mode is selected, a corresponding one
of the filter matrices shown in FIGS. 14A and 14B is
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selected, and the flow advances to step S504. On the other
hand, if the digital portrait mode is not selected, the flow
jumps to step S505.

[0115] In a digital portrait image process in step S504, the
flow chart of FIG. 10 in the first embodiment is executed.
That is, the image is separated into the principal object and
background, the principal object undergoes a deviation
correction image process, and the background undergoes a
blur image process.

[0116] In a digital signal process in step S505, the digital
signal processor 403 executes known image processes such
as a color process, gamma correction, and the like, and
generates an image to be finally saved via an image com-
pression process.

[0117] Finally, in an image data write process in step
S506, the image to be saved is stored in the external storage
medium via the IF unit 405.

[0118] The processing operation in the digital camera has
been explained. In the above description, the digital portrait
process in step S504 uses a digital image signal before the
digital signal process of the digital signal processor 403 in
step S505, i.e., a raw digital image signal immediately after
A/D conversion. This is because image deviation amounts
can be detected with higher precision when the raw digital
image signal is used, as has also been explained in the first
embodiment. Note that the order of steps S504 and S505
may be reversed. Furthermore, a raw digital image signal
may be calculated back from the digital image signal that has
undergone the digital signal process in step S505. However,
since this embodiment adopts an irreversible image com-
pression process, the aforementioned order is selected.

[0119] As described above, an example in which the
image processing method explained in the first embodiment
is applied to the digital camera has been described.

[0120] In this embodiment, the digital portrait image pro-
cess is executed inside the digital camera. However, in order
to improve the processing speed, when the digital portrait
mode is selected, the digital camera may execute only
normal digital image process without executing this image
process and store, as additional information of an image,
information indicating that the digital portrait mode has been
selected, and the image may undergo an image process on an
application of an apparatus such as a PC or the like which
has a high-speed CPU. However, in this embodiment, the
digital portrait image process is executed inside the digital
camera to confirm the sensed image on a liquid crystal
display (not shown) equipped on the back surface of the
digital camera shown in FIG. 16.

[0121] Note that the present invention can be applied not
only to the digital camera but also to other image processing
apparatuses such as a digital video camera, scanner, and the
like.

[0122] Also, a region of an image to which blur is added
in the present invention may be obtained by combining a
plurality of images or may use a single image.

[0123] [Another Embodiment]

[0124] The objects of the present invention are also
achieved by supplying a storage medium (or recording
medium), which records a program code of a software
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program that can implement the functions of the above-
mentioned embodiments to the system or apparatus, and
reading out and executing the program code stored in the
storage medium by a computer (or a CPU or MPU) of the
system or apparatus. In this case, the program code itself
read out from the storage medium implements the functions
of the above-mentioned embodiments, and the storage
medium which stores the program code constitutes the
present invention. The functions of the above-mentioned
embodiments may be implemented not only by executing
the readout program code by the computer but also by some
or all of actual processing operations executed by an oper-
ating system (OS) running on the computer on the basis of
an instruction of the program code.

[0125] Furthermore, the functions of the above-mentioned
embodiments may be implemented by some or all of actual
processing operations executed by a CPU or the like
arranged in a function extension card or a function extension
unit, which is inserted in or connected to the computer, after
the program code read out from the storage medium is
written in a memory of the extension card or unit.

[0126] When the present invention is applied to the stor-
age medium, that storage medium stores program codes
corresponding to the aforementioned flow charts (shown in
FIGS. 1, 10, and 18).

[0127] As described above, according to the above
embodiments, an image with a blur effect like that sensed by
an image sensing lens with a large aperture size can be
obtained from a plurality of parallax images sensed by an
image sensing unit having an image sensing lens with a
small aperture size.

[0128] Also, when pixel shift is applied to a plurality of
parallax images, a higher-resolution image can be generated.

[0129] Furthermore, since blocks where calculation errors
of disparities have occurred do not undergo any special
image process, image quality can be prevented from dete-
riorating.

[0130] The present invention is not limited to the above
embodiments and various changes and modifications can be
made within the spirit and scope of the present invention.
Therefore, to apprise the public of the scope of the present
invention the following claims are made.

What is claimed is:
1. An apparatus comprising:

(A) an input device that input a first image, and a second
image which has parallax with respect to the first
image; and

(B) an image processing device that execute different
image processes for first, corresponding regions of the
first and second images input by said input device, and
second regions thereof different from the first regions,
and composite the first and second images.

2. The apparatus according to claim 1, wherein said image
processing device corrects image deviation between the first
regions of the first and second images due to the parallax,
and then composites the first and second images.

3. The apparatus according to claim 2, wherein said image
processing device adds predetermined blur to the second
regions upon compositing the first and second images.
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4. The apparatus according to claim 3, wherein said image
processing device does not add the predetermined blur when
an image deviation amount between the second regions of
the first and second images due to the parallax is not more
than a predetermined detection level.

5. The apparatus according to claim 1, wherein said image
processing device adds predetermined blur to the second
regions upon compositing the first and second images.

6. The apparatus according to claim 5, wherein said image
processing device does not add the predetermined blur when
an image deviation amount between the second regions of
the first and second images due to the parallax is not more
than a predetermined detection level.

7. The apparatus according to claim 1, wherein said image
processing device determines the first and second regions on
the basis of an image deviation amount between the first and
second images due to the parallax.

8. The apparatus according to claim 1, wherein said
apparatus includes an image sensing device.

9. The apparatus according to claim 1, wherein said
apparatus includes a camera.

10. An apparatus comprising:

(A) an input device that input a first image, and a second
image which has parallax with respect to the first
image; and

(B) an image processing device that add predetermined
blur to at least the first image on the basis of an image
deviation amount between the first and second images
due to the parallax, said image processing device not
adding the predetermined blur when the image devia-
tion amount between the first and second images due to
the parallax is not more than a predetermined detection
level.

11. The apparatus according to claim 10, wherein said

apparatus includes an image sensing device.

12. The apparatus according to claim 10, wherein said

apparatus includes a camera.

13. A method comprising:

(A) the input step of inputting a first image, and a second
image which has parallax with respect to the first
image; and

(B) the image processing step of executing different
image processes for first, corresponding regions of the
first and second images input in the input step, and
second regions thereof different from the first regions,
and compositing the first and second images.

14. The method according to claim 13, wherein the image

processing step includes the step of correcting image devia-
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tion between the first regions of the first and second images
due to the parallax, and then compositing the first and
second images.

15. The method according to claim 14, wherein the image
processing step includes the step of adding predetermined
blur to the second regions upon compositing the first and
second images.

16. The method according to claim 15, wherein the image
processing step includes the step of not adding the prede-
termined blur when an image deviation amount between the
second regions of the first and second images due to the
parallax is not more than a predetermined detection level.

17. The method according to claim 13, wherein the image
processing step includes the step of adding predetermined
blur to the second regions upon compositing the first and
second images.

18. The method according to claim 17, wherein the image
processing step includes the step of not adding the prede-
termined blur when an image deviation amount between the
second regions of the first and second images due to the
parallax is not more than a predetermined detection level.

19. The method according to claim 13, wherein the image
processing step includes the step of determining the first and
second regions on the basis of an image deviation amount
between the first and second images due to the parallax.

20. A method comprising:

(A) the input step of inputting a first image, and a second
image which has parallax with respect to the first
image; and

(B) the image processing step of adding predetermined
blur to at least the first image on the basis of an image
deviation amount between the first and second images
due to the parallax, the image processing step including
the step of not adding the predetermined blur when the
image deviation amount between the first and second
images due to the parallax is not more than a prede-
termined detection level.
21. A control program for making a computer implement
a method of claim 13.

22. A storage medium computer-readably storing a con-
trol program of claim 21.

23. A control program for making a computer implement
a method of claim 20.

24. A storage medium computer-readably storing a con-
trol program of claim 23.
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