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DESCRIPTION
IMAGE PROCESSING APPARATUS, IMAGE PROCESSING
METHOD AND PROGRAM, AND IMAGE PICKUP APPARATUS

Technical Field

[0001]The present invention relates to an image processing
apparatus for processing light field data.
Background Art

[0002]There has been known a method of generating an image
having an arbitrary focal distance, depth of field, and
viewpoint based on images obtained by photographlng an
object from many viewpoints.

[0003]For example, in NPL 1, there is disclosed such a
configuration that a microlens array having microlenses
that are arrayed at a rate of one for a plurality of
pixels is arranged in front of an image pickup element
so as to obtain not only two-dimensional distribution
of light intensity but also information on an incident
direction of light rays entering the image pickup
element to thereby obtain three-dimensional information
on an object space.

[0004]Such an image pickup apparatus as described above that
is capable of obtaining the three-dimensional
information on the object space is called "light field
camera."

[0005]In addition, the three—dimehsional information on the
object space is called "light field data," and image
processing of what is called "refocusing” can be
performed by obtaining the light field data and
performing thereon the image re-formation process after
photographing. The refocusing includes, for example,
changing of a focusing position of an image and a
photographing viewpbint thereof and adjustment of the
depth of field of the image.

[0006]When such light field data as described above that
enables the refocusing is to be viewed, it is difficult
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in some cases to determine at which focal position an
image to be displayed first is to be refocused. In
order to solve this problem, in the technology of PTL 1,
an object is extracted from the image to display a
refocus image which is in focus at a position where the
object is positioned.

Citation List

Patent Literature

[0007]PTL 1: Japanese Patent Application Laid-Open No. 2011~
22796 |
Non Patent Literature

[0C08INPL 1: Ren. Ng, and 7 others, "Light Field Photography
with Hand-Held Plenoptic Camera," Stanford Tech Report
CTSR, 2005-02
Summary of Invention
Technical Problems

[0009]As described above, in the light field camera, it is
possible to select a desired focal distance after the
photographing to re~form the image. It is therefore
necessary to determine, from among a plurality of focal
distances, the focal distance to be used when the light
field data is displayed first by using the focal
distance used at the time of photographing, information
on a main object, and other such information and store
the determined focal distance as a default focal
distance.

[0010]However, for example, the light field data in which a
plurality of persons are photographed may include an
object at the focal distance that is different from
that of the main object. 1In that case, if the focal
distance of the main object is determined as the
default focal distance at the time of transmitting the
light field data to respective persons, the following
problem arises. Specifically, in a case where a person
of the object at the focal distance different from that

of the main object is a person of a transmission
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destination, the light field data re-formed on the side
of the destination of transmission is undesirably
displayed first as an image in which an image of a
person concerned is blurred.

[0011]similarly, also at the time of re-~forming the light
field data to transmit the image to the respective
persons, 1if the focal distance of the main object is
determined as the default focal distance, there arises

- such a problem that an image of a person concerned to
whom the image is transmitted is blurred depending on
the destination of transmission.

Solution to Problem

[0012}In order to solve the above-mentioned problems, an
image processing apparatus according to one embodiment
of the present invention is configured to: obtain light
field data, which is three-dimensional information on
an object space; generate object information by
detecting an object included in the object space using
the obtained light field data and add the generated
object information to the light field data; set a focal
distance for re-forming the light field data based on
photographing information of the light field data and
add the set focal distance to the light field data;
detect, based on information on the object
corresponding to an external apparatus which is a
destination target of transmission of the light field
data, the object corresponding to the external
apparatus from the object information; and update the
focal distance set by a setting unit in accordance with
a result of the detection.

Advantageous Effects of Invention

[0013]According to one embodiment of the present invention,
even when the light field data of the image, in which a
plurality of persons are photographed, is transmitted,
it 1s possible to display the refocus image first at
the destination of transmission in a state where the
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person concerned is in focus.

[0014]In addition, even in a case where the image having the
re-formed light field data is transmitted, it is
possible to display the image in which the person
concerned is in focus at the destination of
transmission.

[0015]Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.
Brief Description of Drawings

[0016]FIG. 1 is a block diagram illustrating a hardware
configuration for realizing an image processing
apparatus according to a first embodiment of the
present invention as an image processing configuration
in a light field camera.

FIG. 2 is a block diagram illustrating an image
processing unit of the light field camera of FIG. 1.
FIG. 3 is a flow chart iliustrating a photographing
operation of the light field camera of FIG. 1.

FIG. 4 is a flow chart illustrating a transmission
. operation of the light field camera of FIG. 1.

FIG. 5 is a flow chart illustrating a display operation
of the light field camera of FIG. 1.

FIG. 6 is a block diagram illustrating an image
processing unit of a cloud server for realizing an
image processing apparatus according to a second
embodiment of the present invention as an image
processing configuration in the light field camera and
the cloud server. ‘

FIG. 7 i1s a flow chart illustrating an operation of
displaying a downloading candidate image performed by
the cloud server of FIG. 6.

FIG. 8 is a flow chart illustrating an operation of
downloading an image performed by the cloud server of
FIG. 6. |
Description of Embodiments
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(0017]Now, exemplary embodiments of the present invention are
described in detail referring to the accompanying
drawings.

[0018]1First example
FIG. 1 is a block diagram of an image pickup apparatus
such as a digital camera for realizing an image
processing apparatus according to a first embodiment of
the present invention as an image processing.
configuration for light field data in the image pickup
apparatus, for illustrating a hardware configuration of
the digital camera for operations including

, photographing, reproduction, and transmission/reception.

[0019]Referring to FIG. 1, the digital camera includes an
image pickup unit 1002 for obtaining an image pickup
signal for obtaining light field data, which is three-
dimensional information on an object space, and an
operation unit 1003, such as buttons and a lever, to be
used by a user for inputting instructions such as
zooming, photographing, and selection of an image to be
transmitted. The digital camera further includes a
communication I/F 1004 including a terminal for wired
connection such as a USB terminal and an HDMI terminal
and a WiFi interface for connecting to another camera
or a network, a display unit 1005, such as a liquid
crystal display, for displaying a photographing target
image, a menu, and others, and a working memory 1006,
such as a DRAM, for storing an image and data being
processed. The digital camera still further includes
an image processing unit 1007 for re-forming the light
field data and performing image processing such as JPEG
compression and a control unit 1008, such as a CrPU, for
executing an instruction issued from the operation unit
1003 and a programmed control sequence. The digital
camera still further includes a memory 1009 for storing
various tables to be used by the control unit 1008 and
image data that has been processed. Examples of the
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memory 1009 include a removable recording medium.. The
above-mentioned units and memories are electrically
connected to one another via a bus 1001.

[0020]Note that, as the image pickup unit 1002, for example,
there are known such a configuration as disclosed in
PTL 1 that a plurality of cameras having different
viewpoints as a whole are regarded as the image pickup
unit 1002 and such an image pickup element as disclosed
in NPL 1 that a plurality of pixels each including a
plurality of sub-pixels for receiving light rays
passing through different pupil partial areas of a
focusing optical system are arranged. Moreover, the
configuration of the image pickup unit 1002 is not
directly relevant to the present invention. The
description thereof is therefore omitted herein.

[0021]In the following, an operation of the digital camera
illustrated in FIG. 1 is described with reference to
FIGS. 2 to 5.

[0022]1In the description of the first embodiment of the

" present invention, an image processing configuration
for transmitting the light field data to an external
apparatus for display is taken as an example. This
embodiment discusses a case where a source of
transmission is the digital camera arranged to
photograph the light field data (hereinafter referred
to simply as "light field camera"), which is
illustrated in FIG. 1, and a destination of
transmission is the light field camera having a similar
configuration or a commonly-used digital camera. In
this embodiment, the camera as the source of
transmission discriminates whether the camera as the
destination of transmission is capable of re-forming
the light field data, to determine whether the light
field data is to be transmitted or the light field data
is to be re-formed in the source of transmission to

transmit the re-formed data as a JPEG image.
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(0023]FIG. 2 is a block diagram illustrating a detailed
configuration of the image processing unit 1007 of the
light field camera illustrated in FIG. 1. Note that,
in FIG. 2, the components illustrated in FIG. 1 are
denoted by the same reference numerals as those of FIG.
1. |

[0024]Referring to FIG. 2, a light field data generation unit
2003 converts analog data, which is photographed by the
image pickup unit 1002, into the light field data. An
object detection unit 2004 performé face detection
using a pan-focus image and generates a face list
storing, for each face, the focal distance of the face
and an image of the face. A personal authentication
unit 2005 uses personal authentication data
corresponding to the destination of transmission to
sequentially perform personal authentication on faces
on the face list, to authenticate whether the face on
the face list is a face of the same person of the
person as the other party of transmission. In the
following description of this embodiment, face
information is taken as an example of object
information to be detected and information to be used
for authentication. However, the object detection is
not limited to the face detection, and for example,
another object or an animal may be used as long as the
object can be detected and discriminated with use of a
specific shape and feature.

[0025]Further, a header addition unit 2006 adds the generated
face list to a header of the light field data, and a
header analysis unit 2007 analyzes the header of the
light field data to read out the face list. A light
field data re-formation unit 2008 re-forms the light
field data using the default focal distance. A JPEG
coding unit 2010 codes the re-~formed image by JPEG
compression and a JPEG decoding unit 2009 expands the
compressed image to decode the image. An image retouch
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unit 2011 performs an image retouch process such as
changing the size of the image to the size for display.

[0026]The above-mentioned operations of the respective units
of the image processing unit 1007 are controlled by the
control unit 1008.

[0027]Next, a photographing operation performed by the light
field camera of FIG. 1 is described with reference to a
flow chart of FIG. 3. This operation is performed by
the control unit 1008 executing a programmed control
sequence, and the operations of the respective units
are performed in response to instructions issued from
the control unit 1008.

[0028]First, in Step $3001, the light field data generation
unit 2003 obtains the analog data photographed by the
image pickup unit 1002 to convert the obtained analog
data into the light field data.

[0029]In Step S3002, the light field data re-formation unit
2008 re-forms the light field data obtained by the
conversion into the pan-focus image. Next, the object
detection unit 2004 uses the pan-focus image obtained
by the re-formation to perform face detection and,
based on a result of the face detection, generates the
face list by storing, for each face, the focal distance
of each face and the image of the face.

[0030]In Step S3003, the header addition unit 2006 adds the
generated face list to the header of the light field
data.

[0031]In Step S3004, the header addition unit 2006 sets the
focal distance at the time of photographing as the
default focal distance to add the set default focal
distance to the header. Each photographing information
has one focal distance at the time of photographing.
The default focal distance is information indicating a
specific object to be in focus when the light field
data is re-formed.

[0032]Next, a transmission operation performed by the light
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field camera of FIG. 1 is described with reference to a*
flow chart of FIG. 4. This operation is also performed
by the control unit 1008 executing a programmed control
sequence, and the operations of the respective units
are performed in response to the instructions issued
from the control unit 1008.

[0033]In Step S4001, in response to the user operating the
operation unit 1003, the control unit 1008 designates
and -determines the light field data to be transmitted
from a list of photographed light field data displayed
on the display unit 1005.

[0034]In Step S4002, in response to the user operating the
operation unit 1003, the control unit 1008 designates
and determines the destination of transmission (an I/F
Oor an external apparatus to which the light field data
is to be output) to which the determined light field

- data is to be transmitted. In this step, based on the
determined destination of transmission, the control
unit 1008 obtains from the memory 1009 the personal
authentication data (information on the other party of
transmission or the object associated with the other
party of transmission) corresponding to the destination
of transmission.

[(0035]In Step S4003, the header analysis unit 2007 analyzes
the header of the light field data of the transmission
target and reads out the face list. Next, the personal
authentication unit 2005 uses the personal
authentication data corresponding to the destination of
transmission to'sequentially perform personal
authentication on the faces on the face list that is
read out, to authenticate whether the face of the face
list is a face of the same person of the person as the
other party of transmission or the object associated
with the other party of transmission. Note that, it is
assumed in this embodiment that the personal
authentication data is stored in the memory 1009 in
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association with the destination of transmission. The
personal authentication data corresponding to the
destination of transmission is not necessarily the
other party of transmission himself/herself, and may be
an object associated with the other party of
transmission. For example, a family member, close
friend, or pet of the other party of transmission may
be used as the personal authentication data. In this
case, as the personal authentication data, objects
associated with the other party of transmission are
grouped together to be recorded, or information on the
associated object designated by the destination of
transmission is received from a server or the
destination of transmission to use the received
information for authentication on the corresponding
object.

[0036]In Step S4004, the control unit 1008 controls the
communication I/F 1004 to receive and obtain, from a
destination apparatus, support information for
discriminating whether the destination apparatus
supports the light field data. The information for
discriminating whether the destination apparatus
supports the light field data may be stored in advance
in the memory 1009 along with a list of the
destinations of transmission, and in this case, the
control unit 1008 obtains the above-mentioned
information based on information stored in the memory
1009. Further, it is discriminated in this embodiment
whether the destination apparatus supports the light
field data, but it may be discriminated whether, of the
communication I/Fs 1004, an interface selected to be
used for data communication supports the light field
data. Still further, for example, in a case where when
the user selects the communication method in view of
the destination apparatus, it may be discriminated
whether the selected communication method supports the
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light field data. »

[0037]In Step S4005, in a case where when the received
information indicates that the destination apparatus
supports the light field data, the flow proceeds to
Step S4006. When the received information indicates
that the destination apparatus does not support the
light field data, the flow proceeds to Step 54009.

[0038]In Step S4006, it is determined whether the personal
authentication unit 2005 determines that on the face
list, there is a face of the same person as the person
as the other party of transmission or the object
associated with the other party of transmission. If
it is determined that the personal authentication unit
2005 determines that there is a face of the same person
as the person as the other party of transmission or the
object associated with the other party of transmission,
‘the flow proceeds to Step S4007. If it is determined
that the personal authentication unit 2005 determines
that there is no face of the same person as the person
as the other party of transmission or the object
associated with the other party of transmission, the
default focal distance that is added at the time of
photographing is not updated and the flow proceeds to
Step S4008.

[0039]In Step S4007, the header addition unit 2006 updates
the default focal distance that has been set and added
to the light field data in Step $3004 with the focal
distance of the face determined as the face of the same
person as the person as the other party of transmission
or the object associated with the other party of
transmission.

[0040]In Step S4008, the control unit 1008 instructs the
communication I/F 1004 to transmit the light field data.

[0041]In Step S4009, the same determination as that of S4006
is performed. If it is determined that the personal

authentication unit 2005 determines that there is a
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face of the same person as the person as the other
party of transmission or the object associated with the
other party of transmission, the flow proceeds to Step
S4010. If it is determined that the personal
authentication unit 2005 determines that there is no
face of the same person as the person as the other
party of transmission or the object associated with the
other party of transmission, the flow proceeds to Step
S4011. ‘

(0042]In Step S4010, the light field data re~formation unit
2008 updates the default focal distance with the focal
distance of a face on the face list that is determined
as the same person, and re-forms the light field data
of the transmission target at the updated focal
distance.

[0043]In Step S4011, the light field data re~formation unit
2008 re-forms the light field data of the transmission
target at the default focal distance.

[0044]In Step S4012, the JPEG coding unit 2010 performs JPEG
compression on the re-formed image, and the control
unit 1008 controls the communication I/F 1004 to
transmit the JPEG image to the destination of
transmission.

[0045]Next, an operation of receiving the light field data,
of the light field camera of FIG. 1 is described with
reference to a flow chart of FIG. 5. This operation is
also performed by the control unit 1008 executing a
programmed control sequence, and the operations of the
respective units are performed in response to the
instructions issued from the control unit 1008.

[0046]In Step S5001, the control unit 1008 controls the
communication I/F 1004 to receive the light field data.

[0047]In Step S5002, the header analysis unit 2007 obtains
the default focal distance from the header of the
received light field data. WNext, the light field data
re-formation unit 2008 re-forms the received light
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field data at the default focal distance. The image
retouch unit 2011 changes the size of the re-formed
image to the size for display and the control unit 1008
diSplays the resized image on the display unit 1005.

[0048]In Step S5003, the control unit 1008 determines whether
the user operates the operation unit 1003 to give an
instruction to change the focal distance. When it is
determined that the user gives an instruction to change
the focal distance, the flow proceeds to Step S5004.
Otherwise, the operation is brought to an end.

[0049]In Step S5004, the light field data re-formation unit
2008 re-forms the received light field data at the
obtained focal distance. Next, the image retouch unit
2011 changes the re-formed image to the size for
display. The control unit 1008 displays the resized
image on the display unit 1005.

[0050]In Step S5005, the header addition unit 2006 updates
the default focal distance as instructed by the user.

[0051]As described above, in this embodiment, in a case where
a person who is to receive the light field data or the
object associated with the person who is to receive the
light field data is photographed as the object in the
light field data to be transmitted, the default focal
distance for re-formation is set to such a focal
distance that the person who is to receive the light
field data is in focus. It is accordingly possible to
display, when the light field data is received and
displayed first, such an image that the person who
receives the light field data or the object associated
with the person who receives the light field data is in
focus.

[0052]Note that, it is discriminated in this embodiment
whether the destination apparatus is the camera capable
of re-forming the light field data, but without
performing such discrimination, the JPEG image re-
formed at the focal distance of the perscn who receives
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the light field data may be transmitted as well.

(00531 Further, although the light field data is re-formed at
the time of photographing in order to generate the pan-
focus image and the face is detected based on the
generated pan-focus image in this embodiment, the pan-
focus image may be obtained at the time of
photographing in order to perform the face detection.

[0054]Alternatively, the focal distance of the light field
data may be sequentially changed to re-form the light
field data, so as to perform the face detection on each
re~formed image.

[0055]In this embodiment, the description is made by taking
the example in which the image processing apparatus
retains the personal authentication data of the other
party of transmission or the object associated with the
other party of transmission. Alternatively, the
control unit 1008 may obtain the personal
authentication data from the other party of
transmission (the external apparatus) when
communication with the other party of transmission is
established or when the user designates the destination
of transmission.

(0056]In this embodiment, the description has been made by
taking the example in which the user selects the image
to be transmitted. Alternatively, when the destination
of transmission is determined, the user may designate a
list of images to be transmitted such as a folder so
that the image including the object corresponding to
the destination of transmission is automatically
selected from the designated list to be transmitted.

In this embodiment, the default focal distance of the
light field data to be transmitted is set to the focal
distance of the person who is to receive the light
field data or thé object associated with the person who
is to receive the light field data. However, a wvalue

to be set is not limited to the default focal distance.
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For example, a priority order may be set for each focal
distance or face so that, when the destination of ‘
transmission sets the focal distance to be used for
refocusing the light field data, a higher priority
order is assigned to the focal distance of the person
who receives the light field data or the object
associated with the person who receives the light field
data.

[0057]Second example
In a second embodiment of the present invention, a case
where the light field camera and a cloud server realize
the configuration of the image processing apparatus of
the present invention is described. This embodiment
discusses an example of an image processing
configuration to be applied when the user uploads the
light field data photographed by the light field camera
onto the cloud server and a given user. logs in to the
cloud server to download the image to be displayed. In
this case, the light field camera has the same
configuration as that of the first embodiment, and
hence a description thereof is omitted here.

[0058]FIG. 6 is a block diagram illustrating an image
processing unit 6002 of the cloud server for realizing
the image processing configuration according to this
embodiment.

[0059]Referring to FIG. 6, the cloud server includes a
working memory 6001, such as a DRAM, for storing the
image and the data being processed. The image
processing unit 6002 includes a personal authentication
unit 6003 for sequentially performing the personal
authentication on the faces on the face list by using
the personal authentication data to authenticate
whether the corresponding face is the face of the same
person as the logged-in user, a header analysis unit
6004 for analyzing the header of the light field data
to read out the face list, a light field data re-



WO 2014/109270 PCT/JP2013/085305

16

formation unit 6005 for re~-forming the light field data
at the focal distance of the face on the face list that
is determined as the same person as the logged-in user,
a JPEG coding unit 6006 for performing JPEG compression
on the re-~formed image, and an image retouch unit 6007

for performing retouching such as changing the size of

the image.

[0060]The above-mentioned operations of the respective units
of the image processing unit 1007 are controlled by a
control unit of a cloud server (not showh), such as a
CPU, executing instructions issued from the operation
unit and programmed control sequences.

[0061}First, an operation of uploading the light field data
from the light field camera onto the cloud server is
described. This operation is executed by the control
unit 1008 of the light field camera executing a
programmed control sequence, and the operations of the
respective units are performed in response to the
instructions issued from the control unit 1008.

[0062]In response to the user operating the operation unit
1003, the control unit 1008 designates and determines
the light field data to be uploaded from a list of
photographed light field data displayed on the display
unit 1005. Next, the control unit 1008 controls the
communication I/F 1004 to upload the determined light
field data onto the cloud server. The header including
the face list, which is generated in the first
embodiment, is added to the light field data to be
uploaded.

[0063]Next, an operation of displaying the images retained in
the cloud server to the user who logs in to the cloud
server 1s described with reference to a flow chart of
FIG. 7. This operation is performed by the control
unit of the cloud server executing a programmed control
sequence, and the operations of the respective units of

the image processing unit 6002 are performed in
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response to the instructions issued from the control
unit of the server.

[0064]In Step S7001, the cloud server requests the user to
upload the personal authentication data when the user
logs in to the cloud server from the user's PC. 1In
response to this request, the personal authentication
data is uploaded from the user's PC. In this
embodiment, when confirming that the user logs in to
the cloud server, the cloud server generates a page for
displaying, with use of thumbnails, the images on the
server associated with the user in a list format or
sequentially. As an example of a method of selecting
the image_to be displayed to the user, the following
method is conceivable.. Specifically, the images
uploaded in the past from the camera or recording
medium owned by the user, the images uploaded in the
past few weeks by a user who is registered as an
acquaintance of the user, or other such images are
selected in accordance with login information.

[0065]In Step S7002, the control unit of the cloud server
determines whether there is a next image to be
displayed in the page to be generated for the user who
logs in. When there is such a next image, the flow
proceeds to Step S$7003, and otherwise, the flow
proceeds to Step S7008.

(0066]In Step S7003, the header analysis unit 6004 analyzes
the header of the light field data to be displayed to
read out the face list. Next, the personal
authentication unit 6003 uses the personal
authentication data to sequentially perform personal
authentication on the faces on the face list, to
authenticate whether the corresponding face is the face
of the same person as the logged-in user or the object
associated with the logged-in user.

[0067]In Step S7004, in accordance with a result of the
authentication performed in Step $S7003, in a case where
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there is a face of the same person as the logged-in
user or the object associated with the logged-in user,
the flow proceeds to Step S$7005, and otherwise, the
flow proceeds to Step $7006. In Step S7005, the light
field data re-formation unit 6005 re-forms the light
field data at the focal distance of a face on the face
list that is determined as the face of the same person
as the logged-in user or the object associated with the
logged-in user.

[0068]In Step S7006, the light field data re-formation unit
6005 re-forms the light field data at the default focal
distance added to the header.

[0069]In Step S7007, the image retouch unit 6007 changes the
size of the re-formed image in accordance with the page
to be generated. '

[0070]In Step S7008, the control unit of the cloud server
generates the padge by displaying the re-formed image.

[0071]Next, an operation of downloading the image from the
cloud server is described with reference to a flow
chart of FIG. 8. This operation is also performed by
the control unit of the cloud server executing a
programmed control sequence, and the operations of the
respective units of the image processing unit 6002 are
performed in response to the instructions issued from
the control unit of the server.

[0072]In Step S8001, the control unit of the cloud server
determines whether the user gives an instruction to
change the focal distance. In a case where the user
gives an instruction to change the focal distance, the
flow proceeds to Step S8002. Otherwise, the flow
proceeds to Step S$S8003.

[0073]In Step S8002, the light field data re-formation unit
6005 re-forms the light field data at the focal
distance designated by the user. Next, the image
retouch unit 6007 changes the size of the re~formed

~image to the size for display to update the page.
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[0074]In Step S8003, the control unit of the cloud server
determines whether the user gives an instruction to
download the image. In a case where the user gives an
instruction to download the image, the flow proceeds to
Step $S8004. Otherwise, the operation is brought to an
end. - | .

[0075]In Step S$8004, the JPEG coding unit 6006 performs JPEG
compression on the image to be downloaded, and the
control unit of the cloud server downloads the
compressed image. _

[0076]As described above, according to this embodiment, it is
possible to download the image in which the person who
logs in to the cloud server is in focus. ,

[0077]Note that, although the light field camera as the
source of transmission performs the face detection in
this embodiment in the same manner as in the first |
embodiment, the cloud server onto which the image is
uploaded may perform the face detection.

[0078]Furthermore, needless to say, the object of the present
invention can be achieved even by supplying a recording
medium storing a program code of software realizing the
function of the above-mentioned embodiment in a system
or an apparatus,.and allowing a computer (or a CPU or
an MPU) of the system or the apparatus to read the
program code stored in the recording medium for
execution. ,

In this case, the program code itself read from the
recording medium realizes the.function of the above-
mentioned embodiment, and the program code itself and
the recording medium storing the program code
constitute the present invention.

As the recording medium for supplying a program code,
for example, a flexible disk, a hard disk, an optical
disk, a magnetooptical disk, a CD-ROM, a CD-R, a
magnetic tape, a nonvolatile memory card, or a ROM can

be used.
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Furthermore, needless to say, by executing the program
code read by the computer, the function of the above-
mentioned embodiment can to realized, and also an OS
(basic system or an operating system) operated on the
computer performs partial or entire actual processing
in accordance with an instruction of the program code,
whereby the function of the above-mentioned embodiment
can be realized by that processing.

Furthermore, needless to say, after the program code
read from the recording medium is written in a memory
provided in a function extension board inserted in a
computer or a function extension unit connected to the
computer, a CPU or the like provided in the function
extension board or the function extension unit performs
partial or entire actual processing in accordance with
an instruction of the program code, whereby the
function of the above-mentioned embodiment can be
realized by that processing.

As described above, although the present invention has
been described by way of preferable examples, the
present invention is not limited to the above examples,
and can be variously modified within the scope of
claims.

[0079]While the present invention has been described with
reference to exemplary embodiments, it is to be
understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.

[0080]This application claims the benefit of Japanese Patent
Application No. 2013-003570, filed January 11, 2013,
which is hereby incorporated by reference herein in its

entirety.
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CLAIMS
An image processing apparatus, comprising:
a first obtaining unit for obtaining light field data,
which is three-dimensional information on an object
space;
a generation unit for generating object information by
detecting an object included in the object space using
the light field data and adding the generated object
information to the light field data;
a setting unit for setting a focal distance for re-
forming the light field data based on photographing
information of the light field data and adding the set
focal distance to the light field data;
a second obtaining unit for obtaining information on
the object corresponding to an external apparatus which
is a destination target of transmission of the light
field data;
a detection unit for detecting the object corresponding
to the external apparatus obtained by the second
acquisition unit from the object information added to
the light field data; and
a control unit for updating the focal distance set by
the setting unit in accordance with a result of the
detection.
An image'processing apparatus according to claim 1,
wherein the control unit transmits, to the external
apparatus, the light field data obtained after updating
the focal distance set by the setting unit.
An image processing apparatus according to claim 1,
wherein the second obtaining unit obtains support
information for discriminating whether one of the
external apparatus, a communication unit to be used for
data communication with the external apparatus, and a
communication method to be used for the data
communication with the external apparatus supports the
light field data, and
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wherein in a case where it is determined based on the
support information that the one of the external
apparatus, the communication unit to be used for the
data communication with the external apparatus, and the
communication method to be used for the data
communication with the external apparatus supports the
light field data, the control unit transmits, to the
external apparatus, the light field data obtained after
updating the focal distance set by the setting unit.

An image processing apparatus according to claim 3,
wherein the control unit comprises a re-formation unit
for re-forming the light field data in accordance with
the focal distance updated under control of the control
unit to generate a re-formed image in a case where it
is determined, based on the support information
obtained by the second obtaining unit for
discriminating whether the one of the external
apparatus, the communication unit to be used for the
data communication with the external apparatus, and the
communication method to be used for the data
communication with the external apparatus supports the
light field data, that the one of the external
apparatus, the communication unit to be used for the
data communication with the external apparatus, and the
communication method to be used for the data
communication with the external apparatus does not
support the light field data, and

wherein the control unit transmits the re~formed image
generated by the re-formation unit to the external
apparatus. ‘

An image processing appatatus according to claim 4,
further comprising a coding unit for coding the image
generated by the re—formation unit.

An image processing apparatus according to any one of
claims 1 to 5, wherein the control unit does not update
the focal distance set by the setting unit in a case
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where the detection unit does not detect the
information on the object corresponding to the external
apparatus from the object information added to the
light field data.

An image processing apparatus according to claim 6,
wherein the support information comprises information
received from the external apparatus.

An image processing apparatus according to claim 6,
wherein the second obtaining unit obtains, from
information stored in advance in a memory, the
information on the object corresponding to the external
apparatus which is the destination target of
transmission of the light field data.

An image processing apparatus according to claim 6,
wherein the second obtaining unit receives, from the
external apparatus, the information on the object
corresponding to the external apparatus which is the
destination target of transmission of the light field
data.

An image processing method, comprising:

an obtaining step of obtaining light field data, which
is three-dimensional information on an object space;

a generation step of generating object information by
detecting an object included in the object space using
the light field data and adding the generated object
information to the light field data;

a setting step of setting a focal distance for re-
forming the light field data based on photographing
information of the obtained light field data and adding
the set focal distance to the light field data; |
a second obtaining step of obtaining information on the
object corresponding to an external apparatus which is
a destination target of transmission of the light field
data; ‘

a detection step of detecting the object corresponding

to the external apparatus obtained in the second
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obtaining step from the object information added to the
light field data; and

‘a control step of updating the focal distance set in

the setting step in accordance with a result of the
detection.

A program for controlling an image processing apparatus
for processing light field data, which is three-
dimensional information on an object space,

the program comprising a code for causing a computer to
function as:

an obtaining unit for obtaining the light field data,
which is the three-dimensional information on the
object space;

a generation unit for generating object information by
detecting an object included in the object space using
the obtained light field data and adding the generated
object information to the light field data;

a setting unit for setting a focal distance for re-
forming the light field data based on photographing
information of the obtained light field data and adding
the set focal distance to the light field data;

a second obtaining unit for obtaining information on

- the object corresponding to an external apparatus which

is a destination target of transmission of the light
field data; ,

a detection unit for detecting the object corresponding
to the external apparatus obtained by the second
obtaining unit from the object information added to the
light field data; and

a control unit for updating the focal distance set by
the setting unit in accordance with a result of the
detection.

A computer—readablé storage medium storing the program
according to claim 11.

An image pickup apparatus, comprising:

an image pickup unit for obtaining an image pickup
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signal for obtaining light field data, which is three-
dimensional information on an object space;

the image processing apparatus according to any one of
claims 1 to 9;

a communication unit for communicating with the
external apparatus; and

an operation unit for inputting an instruction,
wherein the communication unit transmits, based on
information on one of the external apparatus selected
in accordance with the instruction input by the
operation unit, communication means to be used for data
communication with the external apparatus, and a
communication method to be used for the data
communication with the external apparatus, one of the
light field data obtained by the image processing
apparatus and a re-formed image obtained by re-forming
the light field data to the external apparatus.

An image pickup apparatus according to claim 13,
wherein the control unit controls the communication
unit to obtain the information on the external
apparatus selected in accordance with the instruction
input by the operation unit from the selected external
apparétus.

An image pickup apparatus according to claim 14,
wherein the control unit selects the light field data
obtained by the first obtaining unit based on the
information on the external apparatus selected in
accordance with the instruction input by the operation
unit.

An image pickup apparatus according to any one of
claims 13 to 15, wherein the operation unit inputs an
instruction to change a focal distance added to the
light field data, and the re-formation unit re-forms
the light field data based on the focal distance

changed in accordance with the instruction.
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A server apparatus, comprising:

a communication unit for communicating with an external
apparatus;

a first obtaining unit for obtaining light field data,
which is three~dimensional information on an object
space;

a detection unit for detecting, based on information on
the external apparatus obtained via the communication
unit, information on an object corresponding to the
external apparatus from object information of the
obtained light field data, which indicates the object
included in the object space and a focal distance of
the object;

a re-formation unit for determining the focal distance
for re-forming the light field data in accordance with
a result of the detection and re-forming the light
field data based on.the determined focal distance to
generate a re-formed image; and

a download unit for downloading the re-formed image
onto the external apparatus via the commﬁnication unit
in response to an instruction issued from the external
apparatus. .

A server apparatus according to claim 17, wherein the
external apparatus comprises the image pickup apparatus
according to any one of claims 13 to 15.

A server apparatus according to claim 17 or 18, wherein
the object information is added to the light field data
obtained by the first obtaining unit.

A server apparatus according to claim 19, further
comprising: a generation unit for generating the object

information by detecting the object included in the

"object space using the obtained light field data and

adding the generated object information to the light
field data; and
a setting unit for setting the focal distance for re-

forming the light field data based on photographing
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information of the obtained light field data,

wherein the detection unit detects the information on

the object corresponding to the external apparatus from

the object information generated by the generation unit.
[21] A server apparatus according to claim 20, wherein the

communication unit receives an instruction to change

the focal distance from the external apparatus and the

re-formation unit re-forms the obtained light field

data to generate the re-formed image based on the focal

distance changed in accordance with the received

instruction.
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