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(57) ABSTRACT

To make it possible to obtain a natural virtual viewpoint
image in which a structure or the like existing within an
image capturing scene is represented three-dimensionally so
as to be the same as a real one while suppressing a network
load at the time of transmission of multi-viewpoint image
data. The generation device according to the present inven-
tion generates a virtual viewpoint image based on three-
dimensional shape data corresponding to an object, three-
dimensional shape data corresponding to a structure,
background data corresponding to a background different at
least from the object and the structure, and information
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GENERATION APPARATUS, SYSTEM AND
METHOD FOR GENERATING VIRTUAL
VIEWPOINT IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of International
Patent Application No. PCT/JP2018/045977, filed Dec. 13,
2018, which claims the benefit of Japanese Patent Applica-
tion No. 2017-239888, filed Dec. 14, 2017, both of which
are hereby incorporated by reference herein in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a technique to
generate an image from a virtual viewpoint based on a
multi-viewpoint image captured from a plurality of view-
point positions.

Background Art

[0003] In recent years, a virtual viewpoint image tech-
nique has been attracting attention, which reproduces an
image from a camera that does not exist actually (virtual
camera) arranged virtually within a three-dimensional space
by using images captured by a plurality of real cameras.
According to the virtual viewpoint image technique, for
example, it is made possible to view a highlight scene in a
game, such as soccer or basketball, from a variety of angles,
and therefore, it is possible to give a user a stronger feeling
of being at a live performance

[0004] For generation of a virtual viewpoint image, con-
centration of image data captured by a plurality of real
cameras to an image processing server and the like and
generation and rendering processing of a three-dimensional
model (shape data of an object) in the server and the like
may be necessary.

[0005] As a method of estimating a three-dimensional
shape of an object, a method called “visual volume inter-
section method (shape-from-silhouette method)” is known
(PTL 1).

CITATION LIST

Patent Literature

[0006] PTL 1 Japanese Patent Laid-Open No. 2014-10805
SUMMARY OF THE INVENTION
Problem to be Solved by the Invention
[0007] With the conventional technique to estimate a

three-dimensional shape, for example, there is a concern that
a three-dimensional model is not generated for a structure
that is a stationary object, such as a soccer goal, existing in
the image capturing range. The reason is that the object that
is a target of estimation of a three-dimensional shape is a
foreground portion, such as a person, which is a moving
object within the image capturing range. That is, a structure
in a still state, such as a soccer goal, is handled as a
background, and therefore, it is not a target of generation of
a three-dimensional model. In a case where a virtual view-
point image is generated in a state where a three-dimen-
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sional model of a structure is not generated, the structure or
the like that is not moving is represented two-dimensionally
behind a person or the like, so that the structure or the like
is represented as if it were pasted onto the ground surface or
the like, resulting in a video image representation far from
an actual image capturing scene. An example thereof is
shown in FIG. 1. FIG. 1 is a virtual viewpoint image of one
scene of soccer and the image is such that the soccer goal
(including all the elements of the goal post, the crossbar, and
the goal net) is pasted onto the turf field. Further, FIG. 13B
is a virtual viewpoint image of one scene of sumo and the
image is such that a sumo wrestler who was pushed out of
the sumo ring and fell down from the sumo ring lies down
on the sumo ring.

[0008] The present invention has been made in view of the
above-described problems and an object thereof is to make
it possible to obtain a natural virtual viewpoint image in
which even a structure or the like, which is a stationary
object, is represented three-dimensionally so as to become
close to an actual one.

Means for Solving Problem

[0009] The system according to the present invention
includes: a first generation unit configured to generate, based
on a plurality of captured images obtained by image cap-
turing from a plurality of directions, a first image represent-
ing a structure area and an object area being distinguished
from other areas; a second generation unit configured to
generate, based on a plurality of captured images obtained
by image capturing from a plurality of directions, a second
image representing the object area being distinguished from
other areas except for the object area; a transmission unit
configured to transmit the first image generated by the first
generation unit and the second image; a first acquisition unit
configured to acquire, based on the first image and the
second image both transmitted from the transmission unit,
three-dimensional shape data corresponding to the object; a
second acquisition unit configured to acquire, based on the
first image transmitted from the transmission unit, three-
dimensional shape data corresponding to the structure; a
third acquisition unit configured to acquire background data
corresponding to an area of a background different at least
from the object and the structure; a fourth acquisition unit
configured to acquire information indicating a virtual view-
point; and a third generation unit configured to generate a
virtual viewpoint image based on the three-dimensional
shape data corresponding to the object acquired by the first
acquisition unit, the three-dimensional shape data corre-
sponding to the structure acquired by the second acquisition
unit, the background data acquired by the third acquisition
unit, and the information indicating the virtual viewpoint
acquired by the fourth acquisition unit, and the transmission
unit transmits the first image at a frequency lower than that
of the second image.

Advantageous Effect of the Invention

[0010] According to the present invention, it is possible to
obtain a natural virtual viewpoint image in which even a
structure or the like, which is a stationary object, is repre-
sented three-dimensionally so that the structure or the like
becomes close to an actual one.

[0011] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a diagram explaining a problem of a
conventional method;

[0013] FIG. 2 is a diagram showing an example of
arrangement of camera systems according to a first embodi-
ment;

[0014] FIG. 3 is a diagram showing an example of a
hardware configuration of a virtual viewpoint image gen-
eration system;

[0015] FIG. 4 is a diagram explaining a common image
capturing area of a plurality of cameras;

[0016] FIG. 5 is an explanatory diagram of volume data;
[0017] FIG. 6 is a sequence diagram showing a generation
process of a structure model according to the first embodi-
ment;

[0018] FIG. 7A is a diagram showing a captured image of
a field in a state where there is no soccer goal;

[0019] FIG. 7B is a diagram showing a captured image of
a field in a state where there is a soccer goal;

[0020] FIG. 8 is a diagram showing a three-dimensional
model of a soccer goal on volume data;

[0021] FIG. 9 is a sequence diagram showing a generation
process of a virtual viewpoint image according to the first
embodiment;

[0022] FIG. 10A is a diagram showing an example of a
captured image;

[0023] FIG. 10B is a diagram showing an example of a
foreground image;

[0024] FIG. 10C is a diagram showing an example of a
virtual viewpoint image;

[0025] FIG. 11 is a diagram showing a three-dimensional
model of a player on volume data;

[0026] FIG. 12 is a diagram showing an example of
arrangement of camera systems according to a modification
example of the first embodiment;

[0027] FIG. 13A is a diagram explaining a problem of a
conventional method;

[0028] FIG. 13B is a diagram explaining a problem of a
conventional method;

[0029] FIG. 14 is a diagram showing that the periphery of
a sumo ring is divided into four areas on a bird’s eye diagram
in a case where the sumo ring is viewed from directly above;
[0030] FIG. 15 is a flowchart showing a flow of processing
to thin out and transmit image data of a structure portion
within an image capturing scene according to a second
embodiment; and

[0031] FIG. 16 is a flowchart showing a flow of generation
processing of a virtual viewpoint image according to the
second embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0032] In the following, with reference to the attached
drawings, aspects for embodying the present invention are
explained. Configurations shown in each embodiment are
merely exemplary and the present invention is not limited to
the configurations shown schematically.

First Embodiment

[0033] In recent years, due to improvement of image
quality of a camera, the resolution of a captured image
increases and there is a trend for the data amount thereof to
increase. In a case where multi-viewpoint image data cap-
tured by a plurality of cameras is transmitted as it is at the
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time of transmitting the multi-viewpoint image data to a
server or the like via a network, a heavy load is imposed on
the network. Further, the calculation amount at the time of
three-dimensional model generation and rendering process-
ing in the server or the like having received the multi-
viewpoint image data also increases. Consequently, in the
present embodiment, an aspect is explained in which a
natural virtual viewpoint image is obtained, in which a
structure or the like existing within the image capturing
scene is represented three-dimensionally so as to become
close to an actual one, while suppressing the network load
at the time of transmission of the multi-viewpoint image
data. Specifically, an aspect is explained in which a structure
whose still state or state near to the still state continues
within the image capturing scene is separated as an object of
a unique attribute, neither foreground nor background, and
a three-dimensional model of the structure is generated in
advance. In the following, explanation is given by taking a
case as an example where the soccer game is taken as an
image capturing scene and a three-dimensional model of a
soccer goal as a structure is generated in advance.

[0034] The virtual viewpoint image is a video image that
is generated by an end user and/or an appointed operator or
the like operating the position and orientation of a
virtual camera and also called a [iggviewpoint image, an
arbitrary viewpoint image, and the like. Further, the virtual
viewpoint image that is generated or the multi-viewpoint
image that is the source of the virtual viewpoint image may
be a moving image or a still image. In each embodiment
described in the following, an example of a case is explained
mainly where both the multi-viewpoint image that is input
and the virtual viewpoint image that is output are moving
images. The structure in the present embodiment is only
required to be a static object (stationary object) whose
position does not IR in a case where image capturing is
performed in a time series from the same angle. For
example, in a case where an indoor studio is taken to be an
image capturing scene, it is possible to handle furniture or a
prop as a structure in the present embodiment.

[0035] FIG. 2 is a diagram showing arrangement of a total
of ten camera systems 110a to 110/ configuring a virtual
viewpoint image generation system in a bird’s eye diagram
in a case where a field 200 is viewed from directly above.
Each of the camera systems 110a to 110 is arranged at a
predetermined height from the ground so as to surround the
field 200 and acquires multi-viewpoint image data whose
viewpoint is different from one another by capturing the
portion in front of one of goals from a variety of angles. On
the turf field 200, a soccer court 201 is drawn (in fact, by
white lines) and soccer goals are placed on both the left side
and the right side thereof. Further, a x mark 203 in front of
a soccer goal 202 on the left side indicates a common
line-of-sight direction (gaze point) of the camera systems
1104 to 110 and a broken line circle 204 indicates an area
that each of the camera systems 110a to 110 can capture
with the gaze point 203 as a center. In the present embodi-
ment, it is assumed that a position is represented in a
coordinate system in which one of the corners of the field
200 is taken as the origin, the long side direction as an
x-axis, the short side direction as a y-axis, and the height
direction as a z-axis.

[0036] FIG. 3 is a diagram showing an example of the
hardware configuration of the virtual viewpoint image gen-
eration system. The virtual viewpoint image generation



US 2020/0066028 Al

system in FIG. 3 includes the camera systems 110a to 110j,
a (R hub 120, a control device 130, a server 140, and
a database 150.

[0037] Within each of the camera systems 110a to 110;,
image capturing units 111a to 1115 each including a lens, an
imaging sensor, and the like and camera adaptors 112a to
112/ each performing control of the image capturing unit and
predetermined image processing in accordance with instruc-
tions of the control device 130 are included. The camera
adaptor includes a calculation processing device (CPU or
ASIC) and memories (RAM and ROM) necessary for con-
trol and image processing. Further, the camera systems 110a
to 1105 are connected by a daisy chain method in which the
adjacent camera systems are connected by each of network
cables 160a to 160i. Image data captured by the camera
systems 110a to 1105 is transmitted via the network cables
160a to 160:. The FFFRantes hub (hereinafter, described as
“HUB”) 120 performs routing of data transmission on a
network. The HUB 120 and the camera system 110a are
connected by a network cable 170a and the HUB 120 and
the camera system 110/ are connected by a network cable
1704. The server 140 generates virtual viewpoint image data
by modifying the multi-viewpoint image data transmitted
from the camera systems 110a to 110;. Further, the server
140 is also in charge of the synchronization control of the
entire system by generating a time synchronization signal.
The database (hereinafter, described as “DB”) 150 accumu-
lates the image data sent from the server 140 and provides
the accumulated image data to the server 150 as needed. The
HUB 120 and the server 140 are connected by a network
cable 170c, the server 140 and the DB 150 are connected by
a network cable 1704, and the HUB 120 and the control
device 130 are connected by a network cable 170e. The
control device 130 centralizedly controls each of the camera
systems 110a to 110; and the server 140. Then, the control
device 130 outputs the virtual viewpoint image generated by
the server 140 based on the multi-viewpoint image to, for
example, a display device, not shown schematically, and
another information processing apparatus on the network. In
the system configuration shown in FIG. 3, the plurality of
camera systems is connected by the daisy chain method, but
the star connection in which the HUB 120 and each of the
camera systems 110a to 110 are connected directly with
each other may be adopted. Further, the number of camera
systems configuring the virtual viewpoint image generation
system is not limited to ten.

[0038] Here, acquisition of the multi-viewpoint image
data in the present embodiment is explained. First, the server
140 transmits the time synchronization signal to each cam-
era system (time server function). In each of the camera
systems 110a to 110j, each of the image capturing units 111a
to 111j performs image capturing in accordance with the
received time synchronization signal under the control of the
internal camera adaptors 1124 to 112;. Due to this, it is made
possible to acquire the multi-viewpoint image by a moving
image synchronized in units of frames. Specifically, as
described below, the image data captured by each camera
system is sequentially transmitted to the server 140. First, in
the camera system 110q, after image processing, to be
described later, is performed for the image data captured by
the image capturing unit 11a by the camera adaptor 1124, the
image data is transmitted to the camera system 1105 via the
network cable 160a. The camera system 1105 performs the
same processing and transmits the captured image data to
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the camera system 110c¢ along with the captured image data
acquired from the camera system 110a. The same processing
is performed in each camera system and the captured image
data corresponding to a total of ten viewpoints, which is
acquired by each of the ten camera systems 110a to 110y, is
transmitted to the USB 120 via the network cable 1705 and
sent to the server 140 finally. The server 140 performs
generation of a structure model, to be described later, shape
estimation of the object, and image processing, such as
rendering, by using the received captured image data cor-
responding to ten viewpoints.

[0039] FIG. 4 is a diagram schematically showing an
image capturing area of each of the image capturing units
111a to 111d possessed by each of the four camera systems
1104 to 110d of the above-described ten camera systems on
the basis of FIG. 2 described previously. Each of triangular
areas 411 to 414 extending from each of the camera systems
1104 to 1104 is an image capturing area corresponding to
each of the camera systems 110a to 110d, represented by a
visual volume. Then, a polygonal area 415 in which the
above four triangular image capturing areas 411 to 414
overlap represents a common image capturing area of the
camera systems 110a to 1104. Here, the common image
capturing area is explained by taking a case of the four
camera systems as an example, but it is possible to derive the
common image capturing area in a total of ten camera
systems by the same method. As a matter of course, the
common image capturing area in a total of ten camera
systems is smaller than the polygonal area 415 described
above. As describe above, it is possible to obtain the
common image capturing area of a camera group capturing
the common gaze point by calculating the overlap area of the
visual volume possessed by each camera. Further, it is also
possible to similarly derive the three-dimensional model of
an object existing in the common image capturing area from
the overlap area of the multi-viewpoint image acquired by
each camera system.

[0040] Next, a method of generating a three-dimensional
model of a structure existing within the common image
capturing area obtained as described above is explained,
which is one of features of the present embodiment. Here,
explanation is given by taking a case where a three-dimen-
sional model of the soccer goal 202 is generated as an
example. First, volume data (see FIG. 5) in which the
three-dimensional space on the field 200 is filled with cubes
(voxels) having a predetermined size is prepared. The value
of the voxel configuring the volume data is represented by
0 and 1 and “1” indicates an area contributing to shape
formation and “0” indicates an area does not contributing to
shape formation, respectively. In FIG. 5, symbol 501 indi-
cates a voxel (drawn larger than the actual one for conve-
nience of explanation). Next, the three-dimensional coordi-
nates of the voxel are converted from the world coordinate
system into the camera coordinate system by using the
camera parameters of the image capturing units 111« to 1115
included in each of the camera systems 110a to 110/. Then,
in a case where there is a structure in the camera coordinate
system, a model (structure model) representing the three-
dimensional shape of the structure by voxels is generated.
The camera parameters refer to information on the installa-
tion position and orientation (line-of-sight direction) of each
of the image capturing units 111a to 111, the focal distance
of the lens, and the like.
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[0041] FIG. 6 is a sequence diagram showing a generation
process of a model of a structure existing within an image
capturing scene. The series of processing shown by the
sequence diagram is performed in advance before the start of
image capturing (for example, before the start of a game) of
a main part of a multi-viewpoint image, which is source data
of a virtual viewpoint image, for example, at the time of the
setup of the sports stadium, and the like. In FIG. 6, the set
of the ten camera systems 110a to 110; is described as
“camera system group”.

[0042] At step 601, each of the image capturing units 111a
to 111 captures the target three-dimensional space (here, the
field 200) in the state where there is no structure (here, the
soccer goal 202 is not installed yet). FIG. 7A shows an
image obtained by the image capturing unit 111; of the
camera system 110/ capturing the field 200 in the state
without the soccer goal 202. The captured image such as
this, whose viewpoint is different from one another, is
acquired in each camera system.

[0043] Next, at step 602, each of the image capturing units
111a to 111; captures the target three-dimensional space
(field 200) in the state where there is a structure (here, the
soccer goal 202 is installed). FIG. 7B shows an image
obtained by the image capturing unit 111/ of the camera
system 110; capturing the field 200 in the state with the
soccer goal 202. As in the case with step 601, the captured
image such as this, whose viewpoint is different from one
another, is acquired in each camera system. It is assumed
that the captured image data acquired at steps 601 and 602
is stored in the memory within each of the camera adaptors
112a to 112;.

[0044] At S603, each of the camera adaptors 112a to 112f
separates the image area into the image area in which a
structure is captured and the image area in which a back-
ground except for the structure is captured from the differ-
ence between the captured image obtained at step 601 and
the captured image obtained at step 602. Due to this, the
image data corresponding to the structure (here, the soccer
goal 202) and the image data corresponding to the back-
ground (here, the field 200) except for the structure are
obtained.

[0045] At step 604, each of the camera adaptors 1124 to
112/ transmits the image data corresponding to the structure
and the image data corresponding to the background, both
obtained at step 603, to the server 140.

[0046] At step 605, the server 140 generates a three-
dimensional model of the structure (here, the soccer goal
202) configured by voxels described previously based on the
image data of the structure received from each camera
system and the camera parameters of each camera system.
FIG. 8 is a diagram showing the three-dimensional model of
the soccer goal 202 on the volume data described previously.
It may also be possible to represent the three-dimensional
shape by a set of points (point cloud), each indicating the
center of a voxel, in place of the voxel itself. The structure
model thus generated is stored in the memory or the DB 150
within the server 140. Further, the background image data
received along with the structure image data is also stored
together.

[0047] The above is the flow of the processing at the time
of generating a structure model within an image capturing
scene. It may also be possible to generate a three-dimen-
sional model of another structure, for example, such as a
corner flag, by the same method. In the present embodiment,
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separation of the structure and the background except for the
structure is performed on the side of the camera adaptor, but
is may also be possible to perform separation on the side of
the server 140.

[0048] Following the above, generation of a virtual view-
point image in which a structure existing within an image
capturing scene is represented without a sense of incongruity
by using the structure model obtained as described above is
explained. FIG. 9 is a sequence diagram showing a genera-
tion process of a virtual viewpoint image according to the
present embodiment. As in the case with the sequence
diagram in FIG. 6, the set of the ten camera systems 110a to
1105 is described as “camera system group”.

[0049] In accordance with the start of a soccer game, or
the like, at step 901, the control device 130 sends instruc-
tions to capture a multi-viewpoint image (image capturing
start command), which is the source of a virtual viewpoint
image, to the server 140. At step 902 that follows, upon
receipt of the image capturing instructions from the control
device 130, the server 140 transmits the time synchroniza-
tion signal to each of the camera systems 110a to 110;. Then,
at step 903, each of the camera systems 110a to 1105 starts
image capturing of the target three-dimensional space (here,
three-dimensional space on the field 200). Due to this, for
example, in the camera system 110/, an image during a
soccer game as shown in FIG. 10A is obtained. Then, image
capturing of the image such as this, whose viewpoint is
different from one another, is performed in each camera
system.

[0050] At step 904, in each of the camera adaptors 112a to
112/, processing to extract data of the foreground including
moving objects (here, player and ball) from the captured
image acquired at step 903 is performed. This extraction
processing can be said in other words as the processing to
separate the captured image into the foreground and the
background based a difference obtained by comparing the
captured image acquired at step 903 with the captured image
(FIG. 7B) including the structure, which is acquired at step
602 described previously. FIG. 10B shows the image of only
the foreground, which is extracted from the captured image
(whole image) in FIG. 10A. At step 905 that follows, each
of'the camera adaptors 112a to 112 transmits the image data
of the extracted foreground to the server 140. At this time,
the image area (image data of background) corresponding to
the field 200 and the soccer goal 202 is not transmitted to the
server 140. By doing so, the data transmission amount is
suppressed accordingly.

[0051] At step 906, based on user instructions, the control
device 130 transmits instructions to generate a virtual view-
point image (generation start command) to the server 140
along with the information relating to the virtual viewpoint
and the gaze point. At this time, a user who desires to create
and view a virtual viewpoint image inputs information
necessary for generation of a virtual viewpoint image via a
GUI (not shown schematically) included in the control
device 130. Specifically, a user sets information necessary
for generation of a virtual viewpoint image (hereinafter,
called “virtual viewpoint information”), such as the position
and the moving path of the virtual viewpoint, and further,
which (which object) is gazed at, via a predetermined Ul
screen.

[0052] At step 907, the server 140 generates a three-
dimensional model (foreground model) of a moving object
within the image capturing scene by using the image data of
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the foreground and the camera parameters described previ-
ously, which are received from the camera group. Here, the
three-dimensional models of the players and the ball are
generated as the foreground model. FIG. 11 is a diagram
showing the three-dimensional model corresponding to one
certain player of the three-dimensional models of the players
and the ball generated at this step on the volume data as in
FIG. 8 described previously.

[0053] At step 908, the server 140 generates a virtual
viewpoint image by using the virtual viewpoint information
received from the control device 130, the foreground model
acquired at step 907, and the structure model and the
background data generated and acquired in advance. Spe-
cifically, the shape of each of the structure model and the
foreground model in a case where they are viewed from a set
virtual viewpoint (virtual camera) is estimated by using, for
example, the shape-from-silhouette method. As a result of
the shape estimation processing, volume data representing
the three-dimensional shape of an object existing within the
image capturing scene is obtained. In a case where the
three-dimensional shape of an object viewed from a virtual
viewpoint is obtained, next, the three-dimensional shapes of
these objects are combined into one image. At the time of
combination processing, in a case where the distance
between the set virtual viewpoint and the foreground model
is shorter than that between the set virtual viewpoint and the
structure model, the foreground model is mapped from
above the structure model. On the contrary, in a case where
the structure model is nearer to the virtual viewpoint than the
foreground model, the structure model is mapped from
above the foreground model. In this manner, for example,
the virtual viewpoint image in a case where the point to
which the viewpoint from the image capturing unit 1117 of
the camera system 1107 is moved in the height direction (+z
direction) is taken to be the virtual viewpoint will be the
image as shown in FIG. 10C. In the virtual viewpoint image
shown in FIG. 10C, it is known that the players and the ball,
which are the foreground model, and the soccer goal, which
is the structure model, are each mapped onto the field 200 in
a natural three-dimensional shape. By repeating the process-
ing such as this the number of times corresponding to the
number of time frames set separately, a desired virtual
viewpoint image by a moving image is obtained.

[0054] In the present embodiment, an attempt is made to
suppress the total data transmission amount by not trans-
mitting the background image data in the least in the
sequence in FIG. 9. In this case, for example, in capturing a
moving image of a sports scene outdoors, the sunshine
condition or the like over time, and therefore, such
a problem that the background portion in a finished virtual
viewpoint image is different from the actual one may arise.
In a case where there is a concern of such a problem, it may
also be possible to appropriately transmit background image
data obtained by the foreground/background separation at
step 904 between transmissions of the foreground image
data.

[0055] Further, in the present embodiment, generation of
the structure model and generation of the foreground model
are performed by the server 140, but this is not limited. For
example, it may also be possible for the camera adaptor to
generate the structure model and transmit the structure
model to the server 140. Alternatively, it may also be
possible for the server 140 to acquire the data of the structure
model generated by another information processing appara-
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tus. What is required is that the state where it is possible for
the server 140 to use the structure model is brought about in
the stage of generating the foreground model from the
foreground data extracted from the multi-viewpoint image.

MODIFICATION EXAMPLE

[0056] In the above-described example, an attempt is
made to reduce the data transmission amount by handling
the structure within the image capturing scene as an object
of a unique attribute, neither foreground nor background,
and generating and storing in advance the three-dimensional
model of the structure. From the point of view of a reduction
in the data transmission amount, it is also possible to attain
the object by handling the three-dimensional model of the
structure as a background. However, in a case where the
structure model is handled as a background, the following
problem occurs.

[0057] FIG. 12 is a diagram showing arrangement of a
total of the ten camera systems 110qa to 1105 configuring the
virtual viewpoint image generation system according to the
present modification example in a case where the image
capturing scene is sumo. Each of the camera systems 110a
to 1105 is installed at the ceiling of the sumo venue so as to
surround the sumo ring and acquires multi-viewpoint image
data whose viewpoint is different from one another by
capturing the sumo ring from a variety of angles. In this
case, a three-dimensional model is generated based on the
image obtained by capturing the sumo ring (=structure)
alone and the obtained three-dimensional shape of the sumo
ring is handled as a background.

[0058] Here, it is assumed that, for example, one of sumo
wrestlers fell down from the sumo ring as a result of the fight
between the two sumo wrestlers as shown in FIG. 13A. A
case is considered where the state in FIG. 13 A is captured by
a total of the ten camera systems 110a to 110; and only the
image data of the foreground is transmitted to the server 140.
The server 140 having received the image data of the
foreground maps the two sumo wrestlers, who are the
foreground, onto the three-dimensional model of the sum
ring created in advance as the background. As a result of
this, an image will be obtained in which the wrestler who
was pushed out and fell down from the sumo ring is lying
down on the sumo ring. That is, in a case where the structure
whose three-dimensional model is generated is handled as a
background, a natural virtual viewpoint image is not
obtained depending on the position of the foreground. Con-
sequently, in a case where a structure model is handled as a
background, it is desirable to determine in advance whether
a natural virtual viewpoint image is obtained and issue a
warning to a user in a case where the possibility that an
unnatural virtual viewpoint image is obtained is strong.
[0059] FIG. 14 is a bird’s eye diagram in a case where the
sumo ring is viewed from directly above and the periphery
of the sumo ring is divided into four areas A, B, C, and D.
Each of the areas A, B, C, and D indicates the portion below
the sumo ring (outside the sumo ring). A x mark at the center
is the gaze point of the image capturing units 111a to 1115
within the camera systems 110a to 110;. In the present
modification example, in a case where instructions to gen-
erate a virtual viewpoint image are given, the position of the
foreground is checked. In the above-described example,
whether the position of the sumo wrestler is on the sumo ring
is determined based also on the distance from the specified
virtual viewpoint (virtual camera) or the image of a camera
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that captures a bird’s eye view of the entire sumo ring, which
is not shown schematically. Then, in a case where at least
one of the wrestlers is not on the sumo ring and the position
of the specified virtual viewpoint and the position of the
wrestler do not exist in the same area of any one of Ato D,
it is determined impossible to generate a virtual viewpoint
image and a warning is issued. The reason is that in a case
where the area in which the position of the virtual viewpoint
exists and the area in which the position of the sumo wrestler
exists are different, such as a case where one is within the A
area and the other is in the C area, the possibility that an
unnatural virtual viewpoint image in which the sumo wres-
tler is pasted onto a position different from the actual
position is generated is strong. As described above, in a case
where a structure model is handled as a background, it is
necessary to pay attention thereto.

[0060] According to the present embodiment, for the
structure, the three-dimensional model thereof is created in
advance and the three-dimensional model is handled differ-
ently from another foreground model. Due to this, it is made
possible to generate a virtual viewpoint image in which a
structure within the image capturing scene is represented
without a sense of incongruity while suppressing the data
transmission amount of the multi-viewpoint image that is the
source of the virtual viewpoint image.

Second Embodiment

[0061] In the first embodiment, the aspect is such that the
data transmission amount is suppressed by separating the
structure within the image capturing scene as an object of a
unique attribute, which is neither foreground nor back-
ground, and generating in advance the three-dimensional
model thereof and storing it in the server. Next, an aspect is
explained as a second embodiment in which the data trans-
mission amount is suppressed by transmitting data of a
structure within the image capturing scene after thinning the
data thereof while handling the structure as a foreground.
Explanation of the contents in common to those of the first
embodiment, such as the system configuration, is omitted or
simplified and in the following, different points are
explained mainly.

[0062] In the present embodiment also, explanation is
given by taking the case where the soccer game is taken as
the image capturing scene as an example as in the first
embodiment. That is, explanation is given below on the
premise that the arrangement of the camera systems is the
same as in FIG. 2 described previously. In this case, the
soccer goal, which is a structure, is handled as a foreground
model, although being distinguished from the players and
the ball. FIG. 15 is a flowchart showing a flow of processing
to transmit image data of a structure portion within the
image capturing scene after thinning the image data accord-
ing to the present embodiment. The execution of the flow in
FIG. 15 is started in each camera system in a case where a
user gives instructions to capture a multi-viewpoint image,
which is the source of a virtual viewpoint image, via the Ul
of the control device 130. That is, the flow is implemented
by the CPU or the like within the camera adaptor executing
a predetermined program.

[0063] Here, before the start of execution of the flow in
FIG. 15, the preparation processing thereof needs to be
completed. Specifically, in each of the camera systems 110a
to 1107, the whole images (see FIG. 7A and FIG. 7B)
obtained by capturing the field 200 in the state where there
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is no structure and in the state where there is a structure are
acquired in advance respectively and stored in the memory
within each of the camera adaptors 112a to 112j. This
preparation processing is performed in advance at the time
of the setup of the sports stadium, for example, before a
game is started. The data of these images obtained by the
preparation processing is transmitted also to the server 140
and stored in the memory within the server 140 for being
referred to in the generation processing of a virtual view-
point image, to be described later. On the premise of
completion of the preparation processing such as this, it is
made possible to perform the flow in FIG. 15.

[0064] First, at step 1501, in each of the camera adaptors
1124 to 112, the value of a counter (not shown schemati-
cally) included therein is initialized. Specifically, as the
initial value, “0” is set. At step 1502 that follows, in each of
the image capturing units 111a to 1115, image capturing in
accordance with the time synchronization signal transmitted
from the server 140 is started. Next, at step 1503, according
to whether or not the current counter value is “0”, the
following processing is branched. In a case where the
counter value is “0”, the processing advances to step 1507
and in a case where the counter value is a value other than
“0”, the processing advances to step 1504.

[0065] At step 1504, “1” is subtracted from the counter
value (the counter value is decremented). At step 1505 that
follows, in each of the camera adaptors 112¢ to 112,
processing to extract the foreground area from the image
(frame) captured by each of the image capturing units 111a
to 111 is performed. Specifically, processing to find a
difference from the captured image (foreground/background
separation processing) is performed by using the whole
image with a structure of the whole images of two patterns
acquired and stored in advance in the preparation process-
ing. Here, in the whole image with a structure of the whole
images of two patterns acquired in the preparation process-
ing, the soccer goal 202 as a structure is captured in the state
where the soccer goal 202 is installed on the field 200 (FIG.
7B). Consequently, the image obtained by cutting out the
area in which only the moving objects, such as players and
the ball, are captured not including the soccer goal is
obtained as foreground data. Then, at step 1506, each of the
camera adaptors 112a to 112 transmits the foreground data
not including the structure, which is obtained at step 1505,
to the server 140. After transmission of the foreground data
is completed, the processing advances to step 1510 and
whether image capturing is terminated is determined. In a
case where instructions to terminate image capturing are not
received from the server 140, the processing returns to step
1503.

[0066] At step 1507, in each of the camera adaptors 112a
to 112, processing to extract the foreground area from the
image (frame) captured by each of the image capturing units
111a to 1115 is performed. Specifically, foreground/back-
ground separation processing to find a difference from a
captured image is performed by using the whole image with
no structure of the whole images of two patterns, which are
acquired and stored in advance in the preparation process-
ing. Here, in the whole image with no structure of the whole
images of two patterns, which are acquired in the prepara-
tion processing, only the field 200 in the state where the
soccer goal 202 is not installed yet is captured (FIG. 7A).
Consequently, the image is obtained as foreground data, in
which not only the area in which the players and the ball are
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captured but also the area in which the soccer goal is
captured is also cut out. That is, at this step, the soccer goal,
which is a structure, is also extracted as a foreground. Then,
at step 1508, each of the camera adaptors 112a to 112f
transmits “foreground data including a structure” obtained at
step 1507 to the server 140. At this time, transmission is
performed by giving information indicating the presence/
absence of a structure (for example, a binary flag indicating
a case where a structure is included by “1” and a case where
no structure is included by “0”) so that the side of the server
140 having received the data learns that the area of the
structure is also included in the foreground data. At step
1509 that follows, a predetermined value N (N>1) is set to
the counter. Specifically, in a case where the frame rate of
moving image capturing by each of the image capturing
units 111a to 1115 is 60 fps, for example, a value such as “60”
is set. It is possible for a user to [lgaarglaranay the frequency
(once every N times) at which the foreground data including
a structure is transmitted by setting the predetermined value
to be set to the counter to an arbitrary value. After setting of
the predetermined value to the counter is completed, the
processing advances to step 1510 and whether image cap-
turing is terminated is determined. In a case where instruc-
tions to terminate image capturing are not given by the
server 140, the processing returns to step 1503.

[0067] The above is the contents of the processing to thin
out and transmit image data of the structure portion within
the image capturing scene. As a result of performing the
processing such as this, for example, in a case where the
same value as the value of the frame rate is set to the counter
as the predetermined value, the image data of the foreground
including a structure (here, soccer goal) is transmitted to the
server 140 only once every 60 times. Of course, the moving
objects, such as the players and the ball, are transmitted at
each of 60 times (for each frame). As described above, it is
possible to transmit image information on a structure, which
is a stationary object, at a frame rate reduced compared to
that of the moving objects, such as the players and the ball,
and therefore, it is possible to significantly increase trans-
mission efficiency compared to a case where the image data
of the foreground including a structure is transmitted for
each frame. Further, by transmitting the foreground image
including image information on a structure at a frequency
lower than that of the foreground image not including image
information on a structure, it is possible to reduce data to be
transmitted.

[0068] Next, processing at the time of generating a virtual
viewpoint image by the server 140 based on the image data
of the foreground sequentially sent as described above is
explained. FIG. 16 is a flowchart showing a flow of gen-
eration processing of a virtual viewpoint image in the server
140. The flow in FIG. 16 is performed in units of frames for
the foreground image as a target, which corresponds to a
specific time frame (for example, corresponding to ten
seconds) specified by a user, from the image data of all the
foregrounds captured by and transmitted from each of the
camera systems 110a to 110;. The series of processing is
implemented by the CPU within the server 140 executing a
predetermined program based on instructions of the control
device 130.

[0069] First, at step 1601, of the image data of the fore-
ground corresponding to the set time frame, a foreground
image (frame) of interest, which is a processing target, is
determined. At step 1602 that follows, whether a structure is
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included in the foreground image of interest is determined
based on the binary flag described previously. In a case
where determination results indicate that a structure is
included in the foreground image of interest, the processing
advances to step 1603 and in a case where no structure is
included, the processing advances to step 1605.

[0070] At step 1603 in a case where a structure is included
in the foreground image of interest, an image area corre-
sponding to the structure is extracted from the foreground
image of interest and an image representing the structure
(hereinafter, called a “structure image”) is generated. This
generation processing is performed by a procedure as fol-
lows. First, the difference between the captured image
(whole image) in the state where there is a structure, which
is acquired and stored in advance in the preparation pro-
cessing described previously, and the foreground image of
interest is found, and the image area corresponding to the
foreground is taken out. Next, the image area corresponding
to the foreground that is taken out and the captured image
(whole image) in the state where there is no structure stored
in advance are combined. Then, the difference between the
combined image obtained by the combination and the fore-
ground image of interest is found and the structure image
representing only the image area corresponding to the struc-
ture is obtained. Then, at step 1604, the data of the structure
image generated at step 1603 is stored in the memory within
the server 140. In a case where the data of the structure
image is already stored, the data is overwritten (updated) by
the data of the structure image generated anew. After the data
of'the generated structure image is stored in the memory, the
processing advances to step 1607.

[0071] On the other hand, at step 1605 in a case where no
structure is included in the foreground image of interest, the
data of the structure image generated and stored in the
processing at preceding step 1603 and step 1604 is read. At
step 1606 that follows, the read structure image and the
foreground image of interest including no structure are
combined and the foreground image of interest including the
structure is generated.

[0072] At step 1607, a three-dimensional model (fore-
ground model) of the object within the image capturing
scene, which takes the structure as a part of the foreground,
is generated. At this time, at the step in a case where a
structure is included originally in the foreground image of
interest (Yes at step 1602), the foreground model is gener-
ated by using the foreground image of interest as it is. On the
other hand, at the step in a case where no structure is
included originally in the foreground image of interest, the
foreground model is generated by using the foreground
image of interest with which the structure is combined at
step 1606 is generated. In any case, the foreground model
including also the soccer goal, which is a structure (station-
ary object), in addition to the moving objects, such as the
players and the ball, is generated.

[0073] At step 1608, based on the position information on
the virtual viewpoint set separately by a user, the virtual
viewpoint image is generated by estimating the shape in a
case where the foreground model generated at step 1607 is
viewed from the virtual viewpoint.

[0074] The above is the contents of the generation pro-
cessing of a virtual viewpoint image in the server 140
according to the present embodiment. It is possible to obtain
the same effect as that in the first embodiment also by
transmitting the image data of a structure within the image
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capturing scene after thinning the image data while handling
the structure as a foreground as in the present embodiment.

Other Embodiments

[0075] It is also possible to implement the present inven-
tion by processing to supply a program that implements one
or more functions of the above-described embodiments to a
system or an apparatus via a network or a storage medium
and to cause one or more processors in a computer of the
system or the apparatus to read and execute the program.
Further, it is also possible to implement the present invention
by a circuit (for example, ASIC) that implements one or
more functions.

[0076] The present invention is explained so far with
reference to the embodiments, but it is needless to say that
the present invention is not limited to the embodiments
described above. 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.
[0077] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood 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 encom-
pass all such modifications and equivalent structures and
functions.

What is claimed is:

1. A generation apparatus comprising:

a first acquisition unit configured to acquire three-dimen-
sional shape data corresponding to an object captured
from a plurality of directions;

a second acquisition unit configured to acquire three-
dimensional shape data corresponding to a structure
captured from a plurality of directions;

a third acquisition unit configured to acquire background
data corresponding to a background different at least
from the object and the structure both captured from a
plurality of directions;

a fourth acquisition unit configured to acquire information
indicating a virtual viewpoint; and

a generation unit configured to generate a virtual view-
point image based on the three-dimensional shape data
corresponding to the object acquired by the first acqui-
sition unit, the three-dimensional shape data corre-
sponding to the structure acquired by the second acqui-
sition unit, the background data acquired by the third
acquisition unit, and the information indicating the
virtual viewpoint acquired by the fourth acquisition
unit, wherein

the second acquisition unit acquires the three-dimensional
shape data corresponding to the structure by generation
thereof based on a captured image obtained by first
image capturing in a state where the object and the
structure do not exist and a captured image obtained by
second image capturing from the same direction as that
of the first image capturing in a state where the struc-
ture exists and the object does not exist.

2. The generation apparatus according to claim 1, wherein

the second acquisition unit acquires the three-dimensional
shape data corresponding to the structure by generation
thereof before starting image capturing of the object.

3. The generation apparatus according to claim 1, wherein

the three-dimensional shape data corresponding to the
structure is generated based on an image which is based
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on a captured image obtained by the first image cap-
turing and a captured image obtained by the second
image capturing and which displays the structure area
being distinguished from other areas.
4. The generation apparatus according to claim 1, wherein
the generation unit:
combines, in a case where a distance from a virtual
viewpoint specified by the information indicating the
virtual viewpoint acquired by the fourth acquisition
unit to the object is shorter than a distance from the
specified virtual viewpoint to the structure, the three-
dimensional shape data corresponding to the struc-
ture and the three-dimensional shape data corre-
sponding to the object so that the object exists in
front of the structure in the virtual viewpoint image;
and

combines, in a case where the distance from the speci-
fied virtual viewpoint to the structure is shorter than
the distance from the specified virtual viewpoint to
the object, the three-dimensional shape data corre-
sponding to the object and the three-dimensional
shape data corresponding to the structure so that the
object exists behind the structure in the virtual view-
point image.

5. The generation apparatus according to claim 1, wherein

the object is a moving object.

6. The generation apparatus according to claim 1, wherein

at least one of a person and a ball is the object.

7. The generation apparatus according to claim 1, wherein

the structure is an object whose still state continues.

8. The generation apparatus according to claim 1, wherein

at least one of a soccer goal and a corner flag, which are
used in a soccer game, is the structure.

9. The generation apparatus according to claim 1, wherein

the structure is an object installed at a predetermined
position.

10. The generation apparatus according to claim 1,

wherein

at least a part of the structure is installed on a field on
which a person, who is an object, plays a game.

11. The generation apparatus according to claim 1,

wherein

the structure is a specified object.

12. A system comprising:

a first generation unit configured to generate, based on a
plurality of captured images obtained by image captur-
ing from a plurality of directions, a first image repre-
senting a structure area and an object area being
distinguished from other areas;

a second generation unit configured to generate, based on
a plurality of captured images obtained by image
capturing from a plurality of directions, a second image
representing the object area being distinguished from
other areas;

a transmission unit configured to transmit the first image
generated by the first generation unit and the second
image generated by the second generation unit;

a first acquisition unit configured to acquire, based on the
first image and the second image both transmitted from
the transmission unit, three-dimensional shape data
corresponding to the object;
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a second acquisition unit configured to acquire, based on
the first image transmitted from the transmission unit,
three-dimensional shape data corresponding to the
structure;
a third acquisition unit configured to acquire background
data corresponding to an area of a background different
at least from the object and the structure;
a fourth acquisition unit configured to acquire information
indicating a virtual viewpoint; and
a third generation unit configured to generate a virtual
viewpoint image based on the three-dimensional shape
data corresponding to the object acquired by the first
acquisition unit, the three-dimensional shape data cor-
responding to the structure acquired by the second
acquisition unit, the background data acquired by the
third acquisition unit, and the information indicating
the virtual viewpoint acquired by the fourth acquisition
unit, wherein
the transmission unit transmits the first image at a fre-
quency lower than that of the second image.
13. The system according to claim 12, further comprising:
a fourth generation unit configured to generate, based on
the first image and the second image both transmitted
from the transmission unit, a third image representing
the structure area being distinguished from other areas.
14. The system according to claim 13, wherein
the first acquisition unit and the second acquisition unit
are physically the same and acquire, in a case where the
second image is transmitted from the transmission unit,
the three-dimensional shape data corresponding to the
object and the three-dimensional shape data corre-
sponding to the structure based on the second image
transmitted from the transmission unit and the third
image generated by the fourth generation unit.
15. The system according to claim 12, wherein
the third generation unit:
combines, in a case where a distance from a virtual
viewpoint specified by the information indicating the
virtual viewpoint acquired by the fourth acquisition
unit to the object is shorter than a distance from the
specified virtual viewpoint to the structure, the three-
dimensional shape data corresponding to the struc-
ture and the three-dimensional shape data corre-
sponding to the object so that the object exists in
front of the structure in the virtual viewpoint image;
and

combines, in a case where the distance from the speci-
fied virtual viewpoint to the structure is shorter than
the distance from the specified virtual viewpoint to
the object, the three-dimensional shape data corre-
sponding to the object and the three-dimensional
shape data corresponding to the structure so that the
object exists behind the structure in the virtual view-
point image.

16. A generation method of generating a virtual viewpoint

image, the generation method comprising:

a first acquisition step of acquiring three-dimensional
shape data corresponding to an object captured from a
plurality of directions;

a second acquisition step of acquiring three-dimensional
shape data corresponding to a structure captured from
a plurality of directions;
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a third acquisition step of acquiring background data
corresponding to a background different at least from
the object and the structure both captured from a
plurality of directions;

a fourth acquisition step of acquiring information indi-
cating a virtual viewpoint; and

a generation step of generating a virtual viewpoint image
based on the three-dimensional shape data correspond-
ing to the object acquired by the first acquisition unit,
the three-dimensional shape data corresponding to the
structure acquired by the second acquisition unit, the
background data acquired by the third acquisition unit,
and the information indicating the virtual viewpoint
acquired by the fourth acquisition unit, wherein

in the second step, the three-dimensional shape data
corresponding to the structure are acquired by genera-
tion thereof based on a captured image obtained by first
image capturing in a state where the object and the
structure do not exist and a captured image obtained by
second image capturing from the same direction as that
of the first image capturing in a state where the struc-
ture exists and the object does not exist.

17. A generation method of generating a virtual viewpoint

image, the generation method comprising:

a first generation step of generating, based on a plurality
of captured images obtained by image capturing from
a plurality of directions, a first image representing a
structure area and an object area being distinguished
from other areas;

a second generation step of generating, based on a plu-
rality of captured images obtained by image capturing
from a plurality of directions, a second image repre-
senting the object area being distinguished from other
areas;

a transmission step of transmitting the first image gener-
ated at the first generation step and the second image
generated at the second generation step;

a first acquisition step of acquiring, based on the first
image and the second image both transmitted at the
transmission step, three-dimensional shape data corre-
sponding to the object;

a second acquisition step of acquiring, based on the first
image transmitted at the transmission step, three-di-
mensional shape data corresponding to the structure;

a third acquisition step of acquiring background data
corresponding to an area of a background different at
least from the object and the structure;

a fourth acquisition step of acquiring information indi-
cating a virtual viewpoint; and

a third generation step of generating a virtual viewpoint
image based on the three-dimensional shape data cor-
responding to the object acquired at the first acquisition
step, the three-dimensional shape data corresponding to
the structure acquired at the second acquisition step, the
background data acquired at the third acquisition step,
and the information indicating the virtual viewpoint
acquired at the fourth acquisition step, wherein

in the transmission step, the first image is transmitted at
a frequency lower than that of the second image.
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