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An image processing apparatus includes a processor and a
memory connected to or built in the processor. The proces-
sor acquires a first virtual viewpoint image generated based
on a plurality of captured images, acquires viewpoint infor-
mation, acquires positional information of an object imaged
in the captured image, and acquires a second virtual view-
point image in which an object image showing the object is
included based on the viewpoint information and the posi-
tional information.
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FIG. 6
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FIG. 7

[GAZE POINT SETTING MODE]
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FIG. 10
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FIG. 12
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FIG. 14

( IMAGE GENERATION PROCESSING )

-t

GENERATE RECEPTION SCREEN DATA ’LS 0
T

TRANSMIT RECEPTION SCREEN DATA ’LS o
T

—N<S VIEWPOINT INFORMATION RECEIVED> ST14
Y

ACQUIRE PLURALITY OF CAPTURED
IMAGES ACCORDING TO VIEWPOINT ol
INFORMATION ST16

ACQUIRE POSITIONAL INFORMATION s |
ST18

DECIDE VIEWPOINT INFORMATION SUCH
THAT ADVERTISEMENT SIGN IMAGE IS
INCLUDED IN VIRTUAL VIEWPOINT VIDEO 131-20

BASED ON POSITIONAL INFORMATION

GENERATE VIRTUAL VIEWPOINT VIDEO
BASED ON VIEWPOINT INFORMATION [ |__ ST99

TRANSMIT VIRTUAL VIEWPOINT VIDEO s
ST24

L

< ISEND CONDITION SATISFIED? /\(N/\

Y

C e )




Patent Application Publication  Dec. 7,2023 Sheet 15 of 24  US 2023/0396749 A1l

FIG. 15
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IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Application No. PCT/JP2022/005746 filed
Feb. 14, 2022, the disclosure of which is incorporated herein
by reference in its entirety. Further, this application claims
priority under 35 USC 119 from Japanese Patent Application
No. 2021-031213 Feb. 26, 2021, the disclosure of which is
incorporated by reference herein.

BACKGROUND

1. Technical Field

[0002] The technology of the present disclosure relates to
an image processing apparatus, an image processing
method, and a program.

2. Related Art

[0003] JP2020-003883A discloses an image generation
apparatus including an image acquisition unit that acquires
image data based on imaging from a plurality of directions
by a plurality of cameras that images an imaging target
region, an information acquisition unit that acquires view-
point information indicating a virtual viewpoint, a genera-
tion unit that generates a virtual viewpoint image according
to the virtual viewpoint indicated by the viewpoint infor-
mation based on the image data acquired by the image
acquisition unit and the viewpoint information acquired by
the information acquisition unit, and a generation unit that
generates the virtual viewpoint image by deforming a shape
of'a specific object, which is positioned in the imaging target
region, in a three-dimensional space according to a position
of the virtual viewpoint.

[0004] JP2014-041259A discloses an advertisement dis-
tribution apparatus comprising a reception unit that receives
a display request including a viewpoint condition and an
advertisement information, an advertisement frame setting
unit that sets an advertisement frame according to the
viewpoint condition in video data of any viewpoint position
generated based on imaging data in which the viewpoint
positions are different, an advertisement information setting
unit that sets the advertisement information received by the
reception unit in the advertisement frame set by the adver-
tisement frame setting unit, and a video transmission unit
that transmits the video data of any viewpoint position in
which the advertisement information is set in the advertise-
ment frame to a terminal device.

SUMMARY

[0005] One embodiment according to the technology of
the present disclosure provides an image processing appa-
ratus, an image processing method, and a program which
can show an object image to a viewer of a virtual viewpoint
image.

[0006] A first aspect according to the technology of the
present disclosure relates to an image processing apparatus
comprising a processor, and a memory connected to or built
in the processor, in which the processor acquires a first
virtual viewpoint image generated based on a plurality of
captured images, acquires viewpoint information, acquires

Dec. 7, 2023

positional information of an object imaged in the captured
image, and acquires a second virtual viewpoint image in
which an object image showing the object is included based
on the viewpoint information and the positional information.
[0007] A second aspect according to the technology of the
present disclosure relates to the image processing apparatus
according to the first aspect, in which the processor acquires
the viewpoint information by receiving the viewpoint infor-
mation, and performs first control of including the object
image in the second virtual viewpoint image by deciding the
received viewpoint information based on the positional
information.

[0008] A third aspect according to the technology of the
present disclosure relates to the image processing apparatus
according to the second aspect, in which the viewpoint
information includes a first viewpoint path that is received.
[0009] A fourth aspect according to the technology of the
present disclosure relates to the image processing apparatus
according to the second aspect, in which the viewpoint
information is information for specifying a region shown by
the second virtual viewpoint image, and the processor
acquires the viewpoint information by receiving the view-
point information within a range in which a position speci-
fied from the positional information is included in the
region.

[0010] A fifth aspect according to the technology of the
present disclosure relates to the image processing apparatus
according to the first aspect, in which, in a case in which a
position specified from the positional information is not
included in a region specified based on the viewpoint
information, the processor changes at least one of the
positional information or a position of the object image.
[0011] A sixth aspect according to the technology of the
present disclosure relates to the image processing apparatus
according to the first aspect, in which, in a case in which the
viewpoint information and the positional information satisfy
a first condition, the processor changes at least one of the
positional information or a position of the object image.
[0012] A seventh aspect according to the technology of the
present disclosure relates to the image processing apparatus
according to any one of the first to sixth aspects, in which the
processor performs second control of including the object
image in the second virtual viewpoint image by moving the
object image based on the positional information.

[0013] An eighth aspect according to the technology of the
present disclosure relates to the image processing apparatus
according to any one of the first to seventh aspects, in which
the processor performs third control of including the object
image in the second virtual viewpoint image by changing the
viewpoint information based on the positional information.
[0014] A ninth aspect according to the technology of the
present disclosure relates to the image processing apparatus
according to the eighth aspect, in which the viewpoint
information includes at least one of starting point positional
information for specifying a position of a starting point of a
second viewpoint path, end point positional information for
specifying a position of an end point of the second viewpoint
path, first visual line direction information for specifying a
first visual line direction, or angle-of-view information for
specifying an angle of view.

[0015] A tenth aspect according to the technology of the
present disclosure relates to the image processing apparatus
according to the eighth or ninth aspect, in which the view-
point information includes second visual line direction infor-
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mation for specifying a second visual line direction, and the
third control includes control of including the object image
in the second virtual viewpoint image by changing the
second visual line direction information based on the posi-
tional information at at least one of a position of a starting
point of a third viewpoint path or a position of an end point
of the third viewpoint path as the viewpoint information.
[0016] An eleventh aspect according to the technology of
the present disclosure relates to the image processing appa-
ratus according to any one of the second to fourth aspects,
in which the second virtual viewpoint image includes a first
subject image showing a subject, and the processor performs
the first control within a range in which at least one of a size
or a position of the first subject image in the second virtual
viewpoint image satisfies a second condition.

[0017] A twelfth aspect according to the technology of the
present disclosure relates to the image processing apparatus
according to the seventh aspect, in which the processor
performs the second control based on at least one of a size
or a position of a second subject image showing a subject in
a third virtual viewpoint image generated based on the
viewpoint information.

[0018] A thirteenth aspect according to the technology of
the present disclosure relates to the image processing appa-
ratus according to any one of the eighth to tenth aspects, in
which the processor performs the third control based on at
least one of a size or a position of a third subject image
showing a subject in a third virtual viewpoint image gener-
ated based on the viewpoint information.

[0019] A fourteenth aspect according to the technology of
the present disclosure relates to the image processing appa-
ratus according to the second, third, fourth, or eleventh
aspect, in which a priority of displaying is given to the
object, and the processor performs the first control based on
the priority in a case in which a plurality of the objects given
with the priorities are imaged in the captured image.
[0020] A fifteenth aspect according to the technology of
the present disclosure relates to the image processing appa-
ratus according to the seventh or twelfth aspect, in which a
priority of displaying is given to the object, and the proces-
sor performs the second control based on the priority in a
case in which a plurality of the objects given with the
priorities are imaged in the captured image.

[0021] A sixteenth aspect according to the technology of
the present disclosure relates to the image processing appa-
ratus according to the eighth, ninth, tenth, or thirteenth
aspect, in which a priority of displaying is given to the
object, and the processor performs the third control based on
the priority in a case in which a plurality of the objects given
with the priorities are imaged in the captured image.
[0022] A seventeenth aspect according to the technology
of the present disclosure relates to the image processing
apparatus according to any one of the fourteenth to sixteenth
aspects, in which the priority is decided based on an attribute
of the object.

[0023] An eighteenth aspect according to the technology
of the present disclosure relates to the image processing
apparatus according to any one of the fourteenth to seven-
teenth aspects, in which the processor decides the priority
based on an attribute of a user who sets the viewpoint
information.

[0024] A nineteenth aspect according to the technology of
the present disclosure relates to the image processing appa-
ratus according to any one of the fourteenth to eighteenth
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aspects, in which the processor decides the priority based on
a state of an imaging target imaged by a plurality of imaging
apparatuses.

[0025] A twentieth aspect according to the technology of
the present disclosure relates to the image processing appa-
ratus according to any one of the first to nineteenth aspects,
in which the processor changes a display aspect of the object
image based on the viewpoint information and the positional
information.

[0026] A twenty-first aspect according to the technology
of the present disclosure relates to the image processing
apparatus according to any one of the first to twentieth
aspects, in which the processor outputs data for displaying
the second virtual viewpoint image on a display for a time
which is decided according to the viewpoint information.
[0027] A twenty-second aspect according to the technol-
ogy of the present disclosure relates to an image processing
method comprising acquiring a first virtual viewpoint image
generated based on a plurality of captured images, acquiring
viewpoint information, acquiring positional information of
an object imaged in the captured image, and acquiring a
second virtual viewpoint image in which an object image
showing the object is included based on the viewpoint
information and the positional information.

[0028] A twenty-third aspect according to the technology
of the present disclosure relates to a program causing a
computer to execute a process comprising acquiring a first
virtual viewpoint image generated based on a plurality of
captured images, acquiring viewpoint information, acquir-
ing positional information of an object imaged in the cap-
tured image, and acquiring a second virtual viewpoint image
in which an object image showing the object is included
based on the viewpoint information and the positional
information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Exemplary embodiments of the technology of the
disclosure will be described in detail based on the following
figures, wherein:

[0030] FIG. 1 is a conceptual diagram showing an
example of a configuration of an image processing system;
[0031] FIG. 2 is a conceptual diagram showing an
example of a schematic configuration of a soccer stadium
and an example of a schematic configuration of a rectangular
body that defines three-dimensional coordinates for speci-
fying a position inside the soccer stadium;

[0032] FIG. 3 is a block diagram showing an example of
a hardware configuration of an electric system of a user
device;

[0033] FIG. 4 is a block diagram showing an example of
a function of a main unit of a CPU of an image processing
apparatus;

[0034] FIG. 5 is a conceptual diagram showing an
example of processing contents of a reception screen gen-
eration unit, and an example of display contents of a display
of the user device;

[0035] FIG. 6 is a screen view showing an example of a
display aspect of a reception screen in a case in which an
operation mode of the user device is a viewpoint setting
mode;

[0036] FIG. 7 is a screen view showing an example of a
display aspect of the reception screen in a case in which the
operation mode of the user device is a gaze point setting
mode;
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[0037] FIG. 8 is a block diagram showing an example of
contents of viewpoint information and an example of an
aspect in which the viewpoint information is transmitted
from the user device to the image processing apparatus;
[0038] FIG. 9 is a conceptual diagram showing an
example of processing contents of a virtual viewpoint image
generation unit;

[0039] FIG. 10 is a conceptual diagram showing an
example of a viewpoint at which an advertisement sign can
be seen and a viewpoint at which an advertisement sign
cannot be viewed;

[0040] FIG. 11 is a conceptual diagram showing an
example of processing contents of a virtual viewpoint image
generation unit;

[0041] FIG. 12 is a conceptual diagram showing an
example of an aspect in which a virtual viewpoint video is
transmitted from the image processing apparatus to the user
device;

[0042] FIG. 13 is a screen view showing an example of an
aspect in which the virtual viewpoint video and the reception
screen are displayed on the display of the user device;
[0043] FIG. 14 is a flowchart showing an example of a
flow of image generation processing;

[0044] FIG. 15 is a conceptual diagram showing a second
modification example;

[0045] FIG. 16 is a conceptual diagram showing a third
modification example;

[0046] FIG. 17 is a conceptual diagram showing a fourth
modification example;

[0047] FIG. 18 is a conceptual diagram showing a fifth
modification example;

[0048] FIG. 19 is a conceptual diagram showing a sixth
modification example;

[0049] FIG. 20 is a conceptual diagram showing a seventh
modification example;

[0050] FIG. 21 is a conceptual diagram showing the
seventh modification example;

[0051] FIG. 22 is a conceptual diagram showing an eighth
modification example;

[0052] FIG. 23 is a conceptual diagram showing a ninth
modification example; and

[0053] FIG. 24 is a conceptual diagram showing an
example of an aspect in which an image generation process-
ing program stored in a storage medium is installed in a
computer of the image processing apparatus.

DETAILED DESCRIPTION

[0054] An example of an embodiment of an image pro-
cessing apparatus, an image processing method, and a
program according to the technology of the present disclo-
sure will be described with reference to the accompanying
drawings.

[0055] First, the terms used in the description below will
be described.

[0056] CPU refers to an abbreviation of “central process-
ing unit”. GPU refers to an abbreviation of “graphics pro-
cessing unit”. TPU refers to an abbreviation of “tensor
processing unit”. NVM refers to an abbreviation of “non-
volatile memory”. RAM refers to an abbreviation of “ran-
dom access memory”. SSD refers to an abbreviation of
“solid state drive”. HDD refers to an abbreviation of “hard
disk drive”. EEPROM refers to an abbreviation of “electri-
cally erasable and programmable read only memory”. I/F
refers to an abbreviation of “interface”. ASIC refers to an
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abbreviation of “application specific integrated circuit”.
PLD refers to an abbreviation of “programmable logic
device”. FPGA refers to an abbreviation of “field-program-
mable gate array”. SoC refers to an abbreviation of “system-
on-a-chip”. CMOS refers to an abbreviation of “comple-
mentary metal oxide semiconductor”. CCD refers to an
abbreviation of “charge coupled device”. EL refers to an
abbreviation of “electro-luminescence”. LAN refers to an
abbreviation of “local area network”. USB refers to an
abbreviation of “universal serial bus”. HMID refers to an
abbreviation of “head mounted display”. LTE refers to an
abbreviation of “long term evolution”. 5G refers to an
abbreviation of “Sth generation (wireless technology for
digital cellular networks)”. TDM refers to an abbreviation of
“time-division multiplexing”. GNSS refers to an abbrevia-
tion of “global navigation satellite system”. Al refers to an
abbreviation of “artificial intelligence”.

[0057] As an example, as shown in FIG. 1, an image
processing system 2 comprises an image processing appa-
ratus 10 and a user device 12.

[0058] Inthe present embodiment, a server is applied as an
example of the image processing apparatus 10. The server is
realized by a main frame, for example. It should be noted
that this is merely an example, and for example, the server
may be realized by network computing, such as cloud
computing, fog computing, edge computing, or grid com-
puting. In addition, the image processing apparatus 10 may
be a personal computer, a plurality of personal computers, a
plurality of servers, a combination of the personal computer
and the server, and the like.

[0059] Moreover, in the present embodiment, a smart-
phone is applied as an example of the user device 12. It
should be noted that the smartphone is merely an example,
and, for example, a personal computer may be applied, or a
portable multifunctional terminal, such as a tablet terminal
or a head mounted display (hereinafter, referred to as an
“HMD”), may be applied.

[0060] In addition, in the present embodiment, the image
processing apparatus 10 and the user device 12 are con-
nected in a communicable manner via, for example, a base
station (not shown). The communication standards used in
the base station include a wireless communication standard
including a 5G standard and/or an LTE standard, a wireless
communication standard including a WiFi (802.11) standard
and/or a Bluetooth (registered trademark) standard, and a
wired communication standard including a TDM standard
and/or an Ethernet (registered trademark) standard.

[0061] The image processing apparatus 10 acquires an
image, and transmits the acquired image to the user device
12. Here, the image refers to, for example, a captured image
64 (see FIG. 5, and the like) obtained by being captured and
an image generated based on the captured image 64 (see
FIG. 5, and the like). Examples of the image generated based
on the captured image (see FIG. 5 and the like) include a
virtual viewpoint image 76 (see FIG. 11 and the like).

[0062] The user device 12 is used by a user 14. The user
device 12 comprises a touch panel display 16. The touch
panel display 16 is realized by a display 18 and a touch panel
20. Examples of the display 18 include an EL display (for
example, an organic EL display or an inorganic EL display).
It should be noted that the display is not limited to the EL
display, and another type of display, such as a liquid crystal
display, may be applied.
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[0063] The touch panel display 16 is formed by superim-
posing the touch panel 20 on a display region of the display
18 or by forming an in-cell type in which a touch panel
function is built in the display 18. It should be noted that the
in-cell type is merely an example, and an out-cell type or an
on-cell type may be applied.

[0064] The user device 12 executes processing according
to an instruction received from the user by the touch panel
20 and the like. For example, the user device 12 exchanges
various types of information with the image processing
apparatus 10 in response to the instruction received from the
user by the touch panel 20 and the like.

[0065] The user device 12 receives the image transmitted
from the image processing apparatus 10, and displays the
received image on the display 18. The user 14 views the
image displayed on the display 18.

[0066] The image processing apparatus 10 comprises a
computer 22, a transmission/reception device 24, and a
communication I/F 26. The computer 22 is an example of a
“computer” according to the technology of the present
disclosure, and comprises a CPU 28, an NVM 30, and a
RAM 32. The image processing apparatus 10 comprises a
bus 34, and the CPU 28, the NVM 30, and the RAM 32 are
connected via the bus 34. In the example shown in FIG. 1,
one bus is shown as the bus 34 for convenience of illustra-
tion, but a plurality of buses may be used. In addition, the
bus 34 may include a serial bus, or a parallel bus configured
by a data bus, an address bus, a control bus, and the like.
[0067] The CPU 28 is an example of a “processor” accord-
ing to the technology of the present disclosure. The CPU 28
controls the entire image processing apparatus 10. Various
parameters and various programs are stored in the NVM 30.
Examples of the NVM 30 include an EEPROM, an SSD,
and/or an HDD. The RAM 32 is an example of a “memory”
according to the technology of the present disclosure. Vari-
ous types of information are transitorily stored in the RAM
32. The RAM 32 is used as a work memory by the CPU 28.
[0068] The transmission/reception device 24 is connected
to the bus 34. The transmission/reception device 24 is a
device including a communication processor (not shown),
an antenna, and the like, and transmits and receives various
types of information to and from the user device 12 via the
base station (not shown) under the control of the CPU 28.
That is, the CPU 28 exchanges various types of information
with the user device 12 via the transmission/reception device
24.

[0069] The communication I/F 26 is realized by a device
including an FPGA, for example. The communication I/F 26
is connected to a plurality of imaging apparatuses 36 via a
LAN cable (not shown). The imaging apparatus 36 is an
imaging device including a CMOS image sensor, and has an
optical zoom function and/or a digital zoom function. It
should be noted that, instead of the CMOS image sensor,
another type of image sensor, such as a CCD image sensor,
may be adopted.

[0070] The plurality of imaging apparatuses 36 are
installed, for example, in a soccer stadium 4 (see FIG. 2) and
image a subject inside the soccer stadium 4. The captured
image 64 (see FIG. 5 and the like) obtained by imaging the
subject by the imaging apparatus 36 is used, for example, for
the generation of the virtual viewpoint image 76 (see FIG.
11 and the like). Therefore, the plurality of imaging appa-
ratuses 36 are installed at different locations inside the
soccer stadium, respectively, that is, at locations at which a
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plurality of captured images 64 (see FIG. 5 and the like) for
generating virtual viewpoint images 76 (see FIG. 11 and the
like) are obtained. The soccer stadium 4 is a three-dimen-
sional region including a soccer field 4A (see FIG. 2) and a
spectator seat 4B (see FIG. 2) that is constructed to surround
the soccer field 4A, and is an observation target of the user
14. An observer, that is, the user 14, can observe the inside
of the soccer stadium 4 from the spectator seat or a place
outside the soccer stadium 4 through the image displayed by
the display 18 of the user device 12.

[0071] It should be noted that, here, as an example, the
soccer stadium is described as an example as the place in
which the plurality of imaging apparatuses 36 are installed,
but the technology of the present disclosure is not limited to
this. The place in which the plurality of imaging apparatuses
36 are installed may be any place as long as the place is a
place in which the plurality of imaging apparatuses 36 can
be installed, such as a baseball field, a rugby field, a curling
field, an athletic field, a swimming pool, a concert hall, an
outdoor music field, and a theater.

[0072] The communication I/F 26 is connected to the bus
34, and controls the exchange of various types of informa-
tion between the CPU 28 and the plurality of imaging
apparatuses 36. For example, the communication I/F 26
controls the plurality of imaging apparatuses 36 in response
to a request from the CPU 28. The communication I/F 26
outputs the captured image 64 (see FIG. 3, FIG. 4, FIG. 8,
and the like) obtained by being captured by each of the
plurality of imaging apparatuses 36 to the CPU 28. It should
be noted that, here, although the communication I/F 26 is
described as an example of a wired communication I/F, a
wireless communication I/F, such as a high-speed wireless
LAN, may be applied.

[0073] The NVM 30 stores an image generation process-
ing program 38. The image generation processing program
38 is an example of a “program” according to the technology
of the present disclosure. The CPU 28 performs image
generation processing (see FIG. 14) by reading out the
image generation processing program 38 from the NVM 30
and executing the image generation processing program 38
on the RAM 32.

[0074] As an example, as shown in FIG. 2, a plurality of
advertisement signs 6 are installed in the vicinity of the
soccer field 4A. On the advertisement sign 6, for example,
information related to an advertiser is drawn as a character,
a pattern, and/or a pattern. The advertisement sign 6 is an
example of an “object” and a “subject” according to the
technology of the present disclosure.

[0075] The coordinates for specifying the position inside
the soccer stadium 4 are given to the soccer stadium 4. Here,
as an example of the coordinates for specifying the position
inside the soccer stadium 4, three-dimensional coordinates
for specifying a position inside a rectangular body 8 with
one apex of the rectangular body 8 that encloses the soccer
stadium 4 as an origin are applied.

[0076] Positional information 39 is given to the plurality
of advertisement signs 6. Examples of the positional infor-
mation 39 include three-dimensional coordinates for speci-
fying a size and a position of the advertisement sign 6 inside
the soccer stadium 4. It should be noted that this is merely
an example, and the positional information 39 may be
information indicating the latitude, the longitude, and the
altitude obtained by using a GNSS.
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[0077] In addition, the installation positions of the plural-
ity of imaging apparatuses 36 (see FIG. 1) inside the soccer
stadium 4 can also be specified by the three-dimensional
coordinates, and the three-dimensional coordinates are given
to each of the imaging apparatuses 36.

[0078] As shown in FIG. 3 as an example, the user device
12 comprises the display 18, a computer 40, an imaging
apparatus 42, a transmission/reception device 44, a speaker
46, a microphone 48, and a reception device 50. The
computer 40 comprises a CPU 52, an NVM 54, and a RAM
56. The user device 12 comprises a bus 58, and the CPU 52,
the NVM 54, and the RAM 56 are connected via the bus 58.
[0079] In the example shown in FIG. 3, one bus is shown
as the bus 58 for convenience of illustration, but a plurality
of buses may be used. In addition, the bus 58 may include
a serial bus or a parallel bus configured by a data bus, an
address bus, a control bus, and the like.

[0080] The CPU 52 controls the entire user device 12.
Various parameters and various programs are stored in the
NVM 54. Examples of the NVM 54 include an EEPROM.
Various types of information are transitorily stored in the
RAM 56. The RAM 56 is used as a work memory by the
CPU 52. By reading out various programs from the NVM 54
and executing the various programs on the RAM 56, the
CPU 52 performs processing according to the various pro-
grams.

[0081] The imaging apparatus 42 is an imaging device
including a CMOS image sensor, and has an optical zoom
function and/or a digital zoom function. It should be noted
that, instead of the CMOS image sensor, another type of
image sensor, such as a CCD image sensor, may be adopted.
The imaging apparatus 42 is connected to the bus 58, and the
CPU 52 controls the imaging apparatus 42. The captured
image obtained by the imaging with the imaging apparatus
42 is acquired by the CPU 52 via the bus 58.

[0082] The transmission/reception device 44 is connected
to the bus 58. The transmission/reception device 44 is a
device including a communication processor (not shown),
an antenna, and the like, and transmits and receives various
types of information to and from the image processing
apparatus 10 via the base station (not shown) under the
control of the CPU 52. That is, the CPU 52 exchanges
various types of information with the image processing
apparatus 10 via the transmission/reception device 44.
[0083] The speaker 46 converts an electric signal into the
sound. The speaker 46 is connected to the bus 58. The
speaker 46 receives the electric signal output from the CPU
52 via the bus 58, converts the received electric signal into
the sound, and outputs the sound obtained by the conversion
from the electric signal to the outside of the user device 12.
[0084] The microphone 48 converts the collected sound
into the electric signal. The microphone 48 is connected to
the bus 58. The CPU 52 acquires the electric signal obtained
by the conversion from the sound collected by the micro-
phone 48 via the bus 58.

[0085] The reception device 50 receives an instruction
from the user 14 or the like. Examples of the reception
device 50 include the touch panel 20 and a hard key (not
shown). The reception device 50 is connected to the bus 58,
and the instruction received by the reception device 50 is
acquired by the CPU 52.

[0086] As shown in FIG. 4 as an example, by reading out
the image generation processing program 38 from the NVM
30 and executing the image generation processing program
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38 on the RAM 32, the CPU 28 is operated as a reception
screen generation unit 28A, a viewpoint information acqui-
sition unit 28B, and a virtual viewpoint image generation
unit 28C.

[0087] As an example, as shown in FIG. 5, a reception
screen 66 and a virtual viewpoint video screen 68 are
displayed on the display 18 of the user device 12. In the
example shown in FIG. 5, on the display 18, the reception
screen 66 and the virtual viewpoint video screen 68 are
displayed in an arranged manner. It should be noted that this
is merely an example, and the reception screen 66 and the
virtual viewpoint video screen 68 may be switched and
displayed in response to the instruction given to the touch
panel 20 by the user 14, or the reception screen 66 and the
virtual viewpoint video screen 68 may be individually
displayed by different display devices.

[0088] In addition, in the present embodiment, the recep-
tion screen 66 is displayed on the display 18 of the user
device 12, but the technology of the present disclosure is not
limited to this, and for example, the reception screen 66 may
be displayed on a display connected to a device (for
example, a personal computer) used by a person who creates
or edits the virtual viewpoint video 78 (see FIG. 11).

[0089] The user device 12 acquires the virtual viewpoint
video 78 (see FIG. 11) from the image processing apparatus
10 by performing communication with the image processing
apparatus 10. The virtual viewpoint video 78 (see FIG. 11)
acquired from the image processing apparatus 10 by the user
device 12 is displayed on the virtual viewpoint video screen
68 of the display 18. In the example shown in FIG. 5, the
virtual viewpoint video 78 is not displayed on the virtual
viewpoint video screen 68.

[0090] The user device 12 performs communication with
the image processing apparatus 10 to acquire reception
screen data 70 indicating the reception screen 66 from the
image processing apparatus 10. The reception screen 66
indicated by the reception screen data 70 acquired from the
image processing apparatus 10 by the user device 12 is
displayed on the display 18.

[0091] The reception screen 66 includes a bird’s-eye view
video screen 66A, a guide message display region 66B, a
decision key 66C, and a cancellation key 66D, and various
types of information required for generating the virtual
viewpoint video 78 (see FIG. 8) is displayed on the reception
screen 66. The user 14 gives an indication to the user device
12 with reference to the reception screen 66. The indication
from the user 14 is received by the touch panel 20, for
example.

[0092] A bird’s-eye view video 72 is displayed on the
bird’s-eye view video screen 66A. The bird’s-eye view
video 72 is a moving image showing an aspect in a case in
which the inside of the soccer stadium is observed from a
bird’s-eye view, and is generated based on the plurality of
captured images 64 obtained by being captured by at least
one of the plurality of imaging apparatuses 36. Examples of
the bird’s-eye view video 72 include a live coverage video.

[0093] Various messages indicating contents of an opera-
tion requested to the user 14 are displayed in the guide
message display region 66B. The operation requested to the
user 14 refers to, for example, an operation required for
generating the virtual viewpoint video 78 (see FIG. 11) (for
example, an operation of setting the viewpoint, an operation
of setting the gaze point, and the like).
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[0094] Display contents of the guide message display
region 66B is switched according to an operation mode of
the user device 12. For example, the user device 12 has, as
the operation mode, a viewpoint setting mode in which the
viewpoint is set and a gaze point setting mode in which the
gaze point is set, and the display contents of the guide
message display region 66B are different between the view-
point setting mode and the gaze point setting mode.
[0095] Both the decision key 66C and the cancellation key
66D are soft keys. The decision key 66C is turned on by the
user 14 in a case in which the indication received by the
reception screen 66 is decided. The cancellation key 66D is
turned on by the user 14 in a case in which the indication
received by the reception screen 66 is cancelled.

[0096] The reception screen generation unit 28A acquires
the plurality of captured images 64 from the plurality of
imaging apparatuses 36. The captured image 64 includes an
imaging condition information 64A. The imaging condition
information 64 A refers to information indicating an imaging
condition. Examples of the imaging condition include three-
dimensional coordinates for specifying the installation posi-
tion of the imaging apparatus 36, an imaging direction by the
imaging apparatus 36, an angle of view used in the imaging
by the imaging apparatus 36, and a zoom magnification
applied to the imaging apparatus 36.

[0097] The reception screen generation unit 28 A generates
the bird’s-eye view video 72 based on the plurality of
captured images 64 acquired from the plurality of imaging
apparatuses 36. Then, the reception screen generation unit
28A generates data indicating the reception screen 66
including the bird’s-eye view video 72, as the reception
screen data 70.

[0098] The reception screen generation unit 28A outputs
the reception screen data 70 to the transmission/reception
device 24. The transmission/reception device 24 transmits
the reception screen data 70 input from the reception screen
generation unit 28A to the user device 12. The user device
12 receives the reception screen data 70 transmitted from the
transmission/reception device 24 by the transmission/recep-
tion device 44 (see FIG. 3). The reception screen 66 indi-
cated by the reception screen data 70 received by the
transmission/reception device 44 is displayed on the display
18.

[0099] As shown in FIG. 6 as an example, in a case in
which the operation mode of the user device 12 is the
viewpoint setting mode, a message 66B1 is displayed in the
guide message display region 66B of the reception screen
66. The message 66B1 is a message prompting the user 14
to indicate the viewpoint used for the generation of the
virtual viewpoint video 78 (see FIG. 11). Here, the view-
point refers to a virtual viewpoint for observing the inside of
the soccer stadium 4. The virtual viewpoint does not refer to
a position at which an actually existing camera, such as a
physical camera that images the subject (for example, the
imaging apparatus 36), is installed, but refer to a position at
which a virtual camera that images the subject is installed.
[0100] The touch panel 20 receives an indication from the
user 14 in a state in which the message 66B1 is displayed in
the guide message display region 66B. In this case, the
indication from the user 14 refers to an indication of the
viewpoint. The viewpoint corresponds to a position of a
pixel in the bird’s-eye view video 72. The position of the
pixel in the bird’s-eye view video 72 corresponds to the
position inside the soccer stadium 4 (see FIG. 2). The
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indication of the viewpoint is performed by the indication of
the position of the pixel in the bird’s-eye view video 72 by
the user 14 via the touch panel 20. It should be noted that the
viewpoint may have three-dimensional coordinates corre-
sponding to a three-dimensional position in the bird’s-eye
view video 72. Any method can be used as a method of
indicating the three-dimensional position. For example, the
user 14 may directly input a three-dimensional coordinate
position, or may designate the three-dimensional coordinate
position by displaying two images showing the soccer
stadium 4 seen from two planes perpendicular to each other
and designating each pixel position.

[0101] In the example shown in FIG. 6, a viewpoint path
P1, which is a path for observing the subject, is shown as an
example of the viewpoint. The viewpoint path P1 is an
example of a “first viewpoint path”, a “second viewpoint
path”, and a “third viewpoint path” according to the tech-
nology of the present disclosure.

[0102] The viewpoint path P1 is an aggregation in which
a plurality of viewpoints are linearly arranged from a
starting point Pls to an end point Ple. The viewpoint path
P1 is defined along a route (in the example shown in FIG.
6, a meandering route from the starting point P1s to the end
point Ple) in which the user 14 slides (swipes) his/her
fingertip 14A on a region corresponding to a display region
of the bird’s-eye view video 72 in the entire region of the
touch panel 20. In addition, an observation time from the
viewpoint path P1 (for example, a time of observation
between two different viewpoints and/or a time of observa-
tion at a certain point in a stationary state) is defined by a
speed of the slide performed with respect to the touch panel
20 in a case in which the viewpoint path P1 is formed via the
touch panel 20, a time (for example, a long press time) to
stay at one viewpoint on the viewpoint path P1, and the like.
[0103] In the example shown in FIG. 6, the decision key
66C is turned on in a case in which the viewpoint path P1
is settled, and the cancellation key 66D is turned on in a case
in which the viewpoint path P1 is cancelled.

[0104] It should be noted that, in the example shown in
FIG. 6, only the viewpoint path P1 is set, but this is merely
an example, and a plurality of viewpoint paths may be set.
In addition, the technology of the present disclosure is not
limited to the viewpoint path, and a plurality of discontinu-
ous viewpoints may be used, or one viewpoint may be used.
[0105] As shown in FIG. 7 as an example, in a case in
which the operation mode of the user device 12 is the gaze
point setting mode, a message 66B2 is displayed in the guide
message display region 66B of the reception screen 66. The
message 66B2 is a message prompting the user 14 to
indicate the gaze point used for the generation of the virtual
viewpoint video 78 (see F1G. 11). Here, the gaze point refers
to a point that is virtually gazed in a case in which the inside
of the soccer stadium is observed from the viewpoint. In a
case in which the viewpoint and the gaze point are set, a
virtual visual line direction (imaging direction of the virtual
camera) is also uniquely decided. The virtual visual line
direction refers to a direction from the viewpoint to the gaze
point.

[0106] The touch panel 20 receives an indication from the
user 14 in a state in which the message 66B2 is displayed in
the guide message display region 66B. In this case, the
indication from the user 14 refers to an indication of the gaze
point. The gaze point corresponds to a position of a pixel in
the bird’s-eye view video 72. The position of the pixel in the
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bird’s-eye view video 72 corresponds to the position inside
the soccer stadium 4 (see FIG. 2). The indication of the gaze
point is performed by the user 14 indicating the position of
the pixel in the bird’s-eye view video 72 via the touch panel
20. In the example shown in FIG. 7, a gaze point GP is
shown. The gaze point GP is defined according to a location
in which the user 14 touches his/her fingertip 14A on the
region corresponding to the display region of the bird’s-eye
view video 72 in the entire region of the touch panel 20. In
the example shown in FIG. 7, the decision key 66C is turned
on in a case in which the gaze point GP is settled, and the
cancellation key 66D is turned on in a case in which the gaze
point GP is cancelled. It should be noted that the gaze point
may have three-dimensional coordinates corresponding to a
three-dimensional position in the bird’s-eye view video 72.
Any method can be used as a method of indicating the
three-dimensional position, as in the indication of the view-
point position.

[0107] It should be noted that, in the example shown in
FIG. 7, only the gaze point GP is designated, but this is
merely an example, and a plurality of gaze points may be
used, or a path (gaze point path) in which a plurality of gaze
points are linearly arranged may be used. One or a plurality
of gaze point paths may be used.

[0108] As an example, as shown in FIG. 8, the CPU 52 of
the user device 12 generates viewpoint information 74 based
on the viewpoint path P1 and the gaze point GP. The
viewpoint information 74 is information used for the gen-
eration of the virtual viewpoint video 78 (see FIG. 11). The
viewpoint information 74 includes viewpoint path informa-
tion 74A, visual line direction information 74B, required
time information 74C, elapsed time information 74D, move-
ment speed information 74E, and angle-of-view information
74F.

[0109] The viewpoint path information 74A is information
for specifying the position of the pixel in the bird’s-eye view
video 72 of the viewpoint path P1 (see FIG. 6) settled in the
viewpoint setting mode. Examples of the information for
specifying the position of the pixel in the bird’s-eye view
video 72 of the viewpoint path P1 include coordinates for
specifying a position of a pixel of the viewpoint path P1 in
the bird’s-eye view video 72. The viewpoint path P1
includes the starting point P1ls and the end point Ple (see
FIG. 6). Therefore, the viewpoint path information 74A also
includes starting point positional information (hereinafter,
also simply referred to as a “starting point positional infor-
mation”) for specifying a position of the starting point Pls
and end point positional information (hereinafter, also sim-
ply referred to as an “end point positional information™) for
specifying a position of the end point Ple. Examples of the
starting point positional information include coordinates for
specifying a position of a pixel of the starting point Pls in
the bird’s-eye view video 72. Examples of the end point
positional information include coordinates for specifying a
position of a pixel of the end point Pie in the bird’s-eye view
video 72.

[0110] The visual line direction information 74B is infor-
mation for specifying the visual line direction. The visual
line direction refers, for example, a direction in which the
subject is observed from the viewpoint path P1 to the gaze
point GP. For example, the visual line direction information
74B is decided for each viewpoint included in the viewpoint
path information 74A, and is defined by information for
specifying the position of the viewpoint (for example, coor-
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dinates for specifying a position of a pixel of the viewpoint
in the bird’s-eye view video 72) and information for speci-
fying a position of the gaze point GP settled in the gaze point
setting mode (for example, coordinates for specifying a
position of a pixel of the gaze point GP in the bird’s-eye
view video 72). It should be noted that, here, the visual line
direction is an example of a “first visual line direction” and
a “second visual line direction” according to the technology
of the present disclosure, and the visual line direction
information 74B is an example of “first visual line direction
information” and “second visual line direction information”
according to the technology of the present disclosure.
[0111] The required time information 74C is information
indicating a required time (hereinafter, also simply referred
to as a “required time”), which is required for a viewpoint
for observing the subject on the viewpoint path P1 to move
from a first position to a second position different from the
first position. Here, the first position refers to the starting
point Pls (see FIG. 6 and FIG. 7), and the second position
refers to, for example, the end point Ple (see FIG. 6 and FIG.
7). It should be noted that this is merely an example, and the
first position may be the starting point P1s (see FIG. 6 and
FIG. 7) and the second position may be a position of the
intermediate viewpoint on the viewpoint path P1, or the first
position may be a position of the intermediate viewpoint in
the viewpoint path P1 and the second position may be the
end point Ple (see FIG. 6 and FIG. 7).

[0112] The elapsed time information 74D is information
indicating a position of the viewpoint for observing the
subject on the viewpoint path P1 and the elapsed time
corresponding to the position of the viewpoint. The elapsed
time corresponding to the position of the viewpoint (here-
inafter, also simply referred to as an “elapsed time”) refers
to, for example, a time in which the viewpoint is stationary
at a position of a certain viewpoint on the viewpoint path P1.
[0113] The movement speed information 74E is informa-
tion for specifying a movement speed of the position of the
viewpoint for observing the subject on the viewpoint path
P1. The movement speed of the position of the viewpoint
(hereinafter, also simply referred to as a “movement speed™)
refers to, for example, the speed of the slide performed on
the touch panel 20 in a case in which the viewpoint path P1
is formed via the touch panel 20. The movement speed
information 74E is associated with each viewpoint in the
viewpoint path P1.

[0114] The angle-of-view information 74F is information
for specifying an angle of view (hereinafter, also simply
referred to as an “angle of view”). Here, the angle of view
refers to an angle of view for observing the subject on the
viewpoint path P1. In the present embodiment, the angle of
view is fixed to a predetermined angle (for example, 100
degrees). It should be noted that this is merely an example,
and the angle of view may be decided according to the
movement speed. In this case, for example, within a range
in which an upper limit (for example, 150 degrees) and a
lower limit (for example, 15 degrees) of the angle of view
are decided, the angle of view is narrower as the movement
speed is lower. In addition, the angle of view may be
narrower as the movement speed is higher. In addition, the
angle of view may be decided according to the elapsed time.
In this case, for example, the angle of view need only be
minimized in a case in which the elapsed time exceeds a first
predetermined time (for example, 3 seconds), or the angle of
view need only be maximized in a case in which the elapsed
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time exceeds the first predetermined time. In addition, the
angle of view may be decided according to the indication
received by the reception device 50. In this case, the
reception device 50 need only receive the indications regard-
ing the position of the viewpoint of which the angle of view
is changed and the changed angle of view on the viewpoint
path P1.

[0115] The CPU 52 outputs the viewpoint information 74
to the transmission/reception device 44. The transmission/
reception device 44 transmits the viewpoint information 74
input from the CPU 52 to the image processing apparatus 10.
The transmission/reception device 24 of the image process-
ing apparatus 10 receives the viewpoint information 74.
[0116] The viewpoint information acquisition unit 28B of
the image processing apparatus 10 acquires the viewpoint
information. In the example shown in FIG. 8, the viewpoint
information acquisition unit 28B receives the viewpoint
information 74 received by the transmission/reception
device 24 to acquire the viewpoint information 74. That is,
the transmission/reception device 24 outputs the received
viewpoint information 74 to the viewpoint information
acquisition unit 28B, and the viewpoint information acqui-
sition unit 28B acquires the viewpoint information 74 by
receiving the input of the viewpoint information 74 from the
transmission/reception device 24.

[0117] As an example, as shown in FIG. 9, the virtual
viewpoint image generation unit 28C acquires the plurality
of captured images 64 from the plurality of imaging appa-
ratuses 36 according to the viewpoint information 74. That
is, the virtual viewpoint image generation unit 28C acquires
the plurality of captured images 64 from the plurality of
imaging apparatuses 36, which are used for the generation of
the virtual viewpoint image 76 (see FIG. 11), which is an
image showing an aspect of the subject in a case in which the
subject is observed according to the viewpoint information
74.

[0118] The virtual viewpoint image generation unit 28C
acquires the positional information 39 of the advertisement
sign 6 (see FIG. 2) imaged in the captured image 64 from the
NVM 30. More specifically, the virtual viewpoint image
generation unit 28C acquires the positional information 39
related to the advertisement sign 6 of which the entirety is
imaged in the captured image 64 from the NVM 30 with
reference to the imaging condition information 64 A included
in each captured image 64. It should be noted that, here, the
form example is described in which the positional informa-
tion 39 related to the advertisement sign 6 is acquired from
the NVM 30 on the condition that the entire advertisement
sign 6 is imaged in the captured image 64, but this is merely
an example, and the positional information 39 related to the
advertisement sign 6 may be acquired from the NVM 30 on
a condition that a part (for example, 50% or more) of the
advertisement sign 6 is imaged in the captured image 64.
[0119] The virtual viewpoint image generation unit 28C
acquires the virtual viewpoint image 76 (see FIG. 11) which
is generated based on the plurality of captured images 64.
Here, the “virtual viewpoint image 76” is an example of a
“first virtual viewpoint image” according to the technology
of the present disclosure.

[0120] In addition, the virtual viewpoint image generation
unit 28C acquires the virtual viewpoint image 76 including
an advertisement sign image 77 (see FIG. 11) showing the
advertisement sign 6 based on the viewpoint information 74
and the positional information 39. Here, the virtual view-
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point image 76 including the advertisement sign image 77 is
an example of a “second virtual viewpoint image” and a
“third virtual viewpoint image” according to the technology
of the present disclosure. The advertisement sign image 77
is an example of an “object image”, a “first subject image”,
a “second subject image”, and a “third subject image”
according to the technology of the present disclosure.
[0121] Here, the virtual viewpoint image generation unit
28C performs first control (hereinafter, also simply referred
to as “first control”) of including the advertisement sign
image 77 in the virtual viewpoint image 76 by deciding the
viewpoint information 74 received by the viewpoint infor-
mation acquisition unit 28B based on the positional infor-
mation 39. Examples of the decision of the viewpoint
information 74 include a limitation of the viewpoint path
information 74A. That is, the virtual viewpoint image gen-
eration unit 28C limits the viewpoint path information 74A
such that the viewpoint path P1 is shortened within a range
in which the advertisement sign 6 is imaged in the virtual
viewpoint image 76. In the example shown in FIG. 9, a
viewpoint path P2 is shown, which is obtained by shortening
the viewpoint path P1 to a range in which the advertisement
sign 6 is imaged in the virtual viewpoint image 76. The
viewpoint path P2 includes a starting point P2s and an end
point P2e. The starting point P2s is a viewpoint at the same
position as the starting point Pls, and the end point P2e is
a viewpoint at a position in the middle of the viewpoint path
P1.

[0122] In this way, in a case in which the viewpoint path
P1 is changed to the viewpoint path P2, for example, as
shown in FIG. 10, among the plurality of viewpoints
included in the viewpoint path P2, a viewpoint at which the
advertisement sign 6 is seen is adopted, and a viewpoint at
which the advertisement sign 6 is not seen is not adopted.
That is, the viewpoint information 74 for generating the
virtual viewpoint image 76 in which the advertisement sign
image 77 (FIG. 11) is included is created by the virtual
viewpoint image generation unit 28C.

[0123] It should be noted that, in a case in which the
viewpoint path P1 is changed to the viewpoint path P2, the
viewpoint path information 74A indicating the viewpoint
path P2 may be transmitted from the virtual viewpoint image
generation unit 28C to the user device 12. In this case, the
viewpoint path information 74A may be received by the user
device 12, and the viewpoint path P2 indicated by the
received viewpoint path information 74A may be displayed
on the bird’s-eye view video screen 66A. By seeing the
viewpoint path P2 displayed on the bird’s-eye view video
screen 66A, the user 14 can visually recognize that the
viewpoint initially indicated by himself/herself is limited.
[0124] In addition, here, the viewpoint path information
74A is limited by shortening the length of the viewpoint path
P1, but the technology of the present disclosure is not
limited to this. For example, the viewpoint path information
74A may be limited such that a direction of the viewpoint
path P1 is fixed in one direction, or the viewpoint path
information 74 A may be limited such that the position of the
starting point Pls, the position of the end point Ple, and/or
the position of the intermediate point of the viewpoint path
P1 is fixed.

[0125] As shown in FIG. 11 as an example, the virtual
viewpoint image generation unit 28C selects the plurality of
captured images 64 according to the viewpoint information
74 decided based on the positional information 39 (for



US 2023/0396749 Al

example, the viewpoint information 74 including the view-
point path information 74A indicating the viewpoint path P2
shown in FIG. 9). Further, the virtual viewpoint image
generation unit 28C generates the virtual viewpoint image
76, which is the image showing the aspect of the subject in
a case in which the subject is observed from the viewpoint
specified by the viewpoint information 74 (for example, the
viewpoint information 74 including the viewpoint path
information 74A indicating the viewpoint path P2 shown in
FIG. 9), based on the selected plurality of captured images
64.

[0126] For example, the virtual viewpoint image genera-
tion unit 28C generates the virtual viewpoint images 76 of
a plurality of frames according to the viewpoint path P2 (see
FIG. 9). That is, the virtual viewpoint image generation unit
28C generates the virtual viewpoint image 76 for each
viewpoint on the viewpoint path P2. The virtual viewpoint
image 76 of the plurality of frames includes the advertise-
ment sign image 77. The virtual viewpoint image generation
unit 28C generates the virtual viewpoint video 78 including
the advertisement sign image 77 by arranging the virtual
viewpoint images 76 of the plurality of frames in a time
series. The virtual viewpoint video 78 generated in this
manner is data to be displayed on the display 18 of the user
device 12 for a time decided according to the viewpoint
information 74 (for example, the viewpoint information 74
including the viewpoint path information 74A showing the
viewpoint path P2 shown in FIG. 9).

[0127] As an example, as shown in FIG. 12, the virtual
viewpoint image generation unit 28C outputs the virtual
viewpoint video 78 to the transmission/reception device 24.
The transmission/reception device 24 transmits the virtual
viewpoint video 78 input from the virtual viewpoint image
generation unit 28C to the user device 12.

[0128] As an example, as shown in FIG. 13, the user
device 12 receives the virtual viewpoint video 78 (see FIG.
3) by the transmission/reception device 44. The virtual
viewpoint video 78 is a moving image in which the virtual
viewpoint images 76 of the plurality of frames are arranged
in a time series. The virtual viewpoint images 76 of the
plurality of frames are displayed on the virtual viewpoint
video screen 68 of the display 18 of the user device 12 at a
predetermined frame rate (for example, several tens of
frames/second) from the first frame to the last frame. The
virtual viewpoint video 78 is displayed on the virtual view-
point video screen 68 for the time corresponding to the
viewpoint information 74 (for example, the viewpoint infor-
mation 74 including the viewpoint path information 74A
indicating the viewpoint path P2 shown in FIG. 9). As a
result, the virtual viewpoint video 78 including the adver-
tisement sign image 77 is viewed by the user 14.

[0129] FIG. 14 shows an example of a flow of image
generation processing performed by the CPU 28 of the
image processing apparatus 10. The flow of the image
generation processing shown in FIG. 14 is an example of an
“image processing method” according to the technology of
the present disclosure.

[0130] In the image generation processing shown in FIG.
14, first, in step ST10, the reception screen generation unit
28A generates the reception screen data 70 based on the
plurality of captured images 64 (see FIG. 5). After the
processing of step ST10 is executed, the image generation
processing shifts to step ST12.
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[0131] In step ST12, the reception screen generation unit
28A causes the transmission/reception device 24 to transmit
the reception screen data 70 generated in step ST10 to the
user device 12. After the processing of step ST12 is
executed, the image generation processing shifts to step
ST14.

[0132] In a case in which the reception screen data 70 is
transmitted from the image processing apparatus 10 to the
user device 12 by executing the processing of step ST12, the
user device 12 receives the reception screen data 70, and
displays the reception screen 66 indicated by the received
reception screen data 70 on the display 18 (see FIG. 5 to
FIG. 7). In a case in which the reception screen 66 is
displayed on the display 18 of the user device 12, the
indications of the viewpoint, the gaze point, and the like are
given to the user device 12 from the user 14 via the touch
panel 20 (see FIG. 6 and FIG. 7). The CPU 52 of the user
device 12 generates the viewpoint information 74 based on
the viewpoint and the gaze point which are received by the
touch panel 20, and transmits the generated viewpoint
information 74 to the image processing apparatus 10 via the
transmission/reception device 44 (see FIG. 8).

[0133] In step ST14, the viewpoint information acquisi-
tion unit 28B determines whether or not the viewpoint
information 74 is received by the transmission/reception
device 24. In step ST14, in a case in which the viewpoint
information 74 is not received by the transmission/reception
device 24, a negative determination is made, and the image
generation processing shifts to step ST26. In step ST14, in
a case in which the viewpoint information 74 is received by
the transmission/reception device 24, a positive determina-
tion is made, and the image generation processing shifts to
step ST16. The viewpoint information acquisition unit 28B
acquires the viewpoint information 74 received by the
transmission/reception device 24 (see FIG. 9).

[0134] In step ST16, the virtual viewpoint image genera-
tion unit 28C acquires the plurality of captured images 64
from the plurality of imaging apparatuses 36 according to
the viewpoint information 74 acquired by the viewpoint
information acquisition unit 28B. After the processing of
step ST16 is executed, the image generation processing
shifts to step ST18 (see FIG. 9).

[0135] In step ST18, the virtual viewpoint image genera-
tion unit 28C acquires the imaging condition information
64A from the plurality of captured images 64 acquired in
step ST16, and acquires the positional information 39
related to the advertisement sign 6 imaged in the captured
image 64 from the NVM 30 with reference to the acquired
imaging condition information 64A (see FIG. 9). After the
processing of step ST18 is executed, the image generation
processing shifts to step ST20.

[0136] In step ST20, the virtual viewpoint image genera-
tion unit 28C decides the viewpoint information 74 such that
the advertisement sign image 77 is included in the virtual
viewpoint video 78 based on the positional information 39
acquired in step ST18 (see FIG. 9). After the processing of
step ST20 is executed, the image generation processing
shifts to step ST22.

[0137] In step ST22, the virtual viewpoint image genera-
tion unit 28C generates the virtual viewpoint video 78 based
on the viewpoint information 74 decided in step ST20 (see
FIG. 11). After the processing of step ST22 is executed, the
image generation processing shifts to step ST24.
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[0138] In step ST24, the virtual viewpoint image genera-
tion unit 28C transmits the virtual viewpoint video 78
generated in step ST22 to the user device 12 via the
transmission/reception device 24 (see FIG. 12).

[0139] Ina case in which the virtual viewpoint video 78 is
transmitted from the image processing apparatus 10 to the
user device 12 by executing the processing of step ST24, the
user device 12 receives the virtual viewpoint video 78, and
displays the received virtual viewpoint video 78 on the
virtual viewpoint video screen 68 of the display 18 (see FIG.
13). The virtual viewpoint video 78 displayed on the virtual
viewpoint video screen 68 is viewed by the user 14. After the
processing of step ST24 is executed, the image generation
processing shifts to step ST26.

[0140] In step ST26, the virtual viewpoint image genera-
tion unit 28C determines whether or not a condition for
ending the image generation processing (hereinafter,
referred to as an “end condition”) is satisfied. A first example
of the end condition is a condition in which an instruction to
end the image generation processing is received by the
reception device 50 (see FIG. 3). A second example of the
end condition includes a condition in which the communi-
cation between the image processing apparatus 10 and one
or more imaging apparatuses 36 decided in advance among
the plurality of imaging apparatuses 36 is cut off. A third
example of the end condition is a condition in which a
second predetermined time (for example, 60 seconds) has
elapsed without a positive determination made in step ST14.
[0141] In acase in which the end condition is not satisfied
in step ST26, a negative determination is made, and the
image generation processing shifts to step ST10. In step
ST26, in a case in which the end condition is satisfied, a
positive determination is made, and the image generation
processing ends.

[0142] As described above, in the image processing appa-
ratus 10 according to the present embodiment, the virtual
viewpoint video 78 including the advertisement sign image
77 is acquired based on the positional information 39 of the
advertisement sign 6 imaged in the captured image 64 and
the viewpoint information 74. The virtual viewpoint video
78 acquired in this manner is displayed on the display 18.
Since the advertisement sign image 77 is included in the
virtual viewpoint video 78, the advertisement sign image 77
can be shown to the user 14 who is a viewer of the virtual
viewpoint video 78.

[0143] In addition, in the image processing apparatus 10
according to the present embodiment, the viewpoint infor-
mation 74 is acquired by the viewpoint information acqui-
sition unit 28B receiving the viewpoint information 74, and
the received viewpoint information 74 is decided based on
the positional information 39. Here, the decision means, for
example, that the viewpoint information 74 is limited. In this
way, the viewpoint information 74 is decided based on the
positional information 39, so that the advertisement sign
image 77 is included in the virtual viewpoint video 78.
Therefore, with the present configuration, the advertisement
sign image 77 can be more easily included in the virtual
viewpoint video 78 than in a case in which only the virtual
viewpoint image 76 is generated irrespective of the position
of the advertisement sign 6.

[0144] In addition, in the image processing apparatus 10
according to the present embodiment, the viewpoint path
information 74A is decided based on the positional infor-
mation 39. Here, the decision means, for example, that the

Dec. 7, 2023

viewpoint path information 74A is limited. Limiting the
viewpoint path information 74A means, for example, that
the viewpoint path information 74A related to the viewpoint
path P1 is changed to the viewpoint path information 74A
related to the viewpoint path P2 (see FIG. 9). In this way, the
viewpoint path information 74A is decided based on the
positional information 39, so that the advertisement sign
image 77 is included in the virtual viewpoint video 78.
Therefore, with the present configuration, the advertisement
sign image 77 can be more easily included in the virtual
viewpoint video 78 than in a case in which only the virtual
viewpoint image 76 is generated irrespective of the position
of the advertisement sign 6.

[0145] In addition, in the image processing apparatus 10
according to the present embodiment, the virtual viewpoint
video 78 is displayed on the display 18 for the time which
is decided according to the viewpoint information 74. There-
fore, with the present configuration, the advertisement sign
image 77 included in the virtual viewpoint video 78 can be
shown to the user 14 for the time which is decided according
to the viewpoint information 74.

First Modification Example

[0146] In the embodiment described above, the form
example is described in which the viewpoint information 74
is limited to the range in which the position specified from
the positional information 39 by the virtual viewpoint image
generation unit 28C is included in the region (region speci-
fied from the viewpoint information 74) indicated by the
virtual viewpoint image 76, but the technology of the present
disclosure is not limited to this. For example, the viewpoint
information 74 may be acquired by receiving the viewpoint
information 74 by the viewpoint information acquisition
unit 28B within a range in which the position specified from
the positional information 39 is included in the region
(region specified from the viewpoint information 74) indi-
cated by the virtual viewpoint image 76. Similarly, the gaze
point GP may be received within a range in which the
position specified from the positional information 39 is
included in the region (region specified from the viewpoint
information 74) indicated by the virtual viewpoint image 76.
Also in this case, as in the embodiment described above,
since the virtual viewpoint video 78 is generated according
to the viewpoint information 74 and displayed on the display
18, the advertisement sign image 77 can be shown to the user
14 who is the viewer of the virtual viewpoint video 78.

Second Modification Example

[0147] In the embodiment described above, control of
including the advertisement sign image 77 in the virtual
viewpoint image 76 irrespective of the size and the position
of the advertisement sign image 77 in the virtual viewpoint
image 76 is described as an example of the first control, but
the technology of the present disclosure is not limited to this.
For example, the virtual viewpoint image generation unit
28C may perform, as the first control, control of including
the advertisement sign image 77 in the virtual viewpoint
image 76 by deciding the viewpoint information 74 based on
the positional information 39 within a range in which both
the size and the position of the advertisement sign image 77
in the virtual viewpoint image 76 satisfy a first predeter-
mined condition. Here, the first predetermined condition is
an example of a “second condition” according to the tech-
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nology of the present disclosure. Examples of the first
predetermined condition include a condition in which 80%
or more of the advertisement sign image 77 is positioned in
a specific area (in the example shown in FIG. 15, an upper
right region) out of an upper left region, the upper right
region, a lower left region, and a lower right region obtained
by dividing the virtual viewpoint image 76 into two parts in
an up-down direction and dividing the virtual viewpoint
image 76 into two parts in a left-right direction, and an
occupancy rate (=size of advertisement sign image 77/entire
size of virtual viewpoint image 76) is 15% or more in the
virtual viewpoint image 76. It should be noted that the
method of deciding the divided region and the occupancy
rate described as an example here are merely examples. For
example, in a case in which the area of the virtual viewpoint
image 76 is divided into a central part area and a peripheral
part area, the first predetermined condition may be a con-
dition in which the advertisement sign image 77 is posi-
tioned in the peripheral part area and the size is a size in
which the entire advertisement sign image 77 fits in the
peripheral part area. In addition, the condition of the ratio of
the advertisement sign image 77 to be positioned in the
specific area and/or the condition of the size of the adver-
tisement sign image 77 may be a fixed value, or may be a
variable value or the like that is changed in response to the
instruction received by the reception device 50 and/or vari-
ous conditions (for example, the imaging condition).
[0148] Here, the example is described in which both the
size and the position of the advertisement sign image 77 in
the virtual viewpoint image 76 satisfy the first predeter-
mined condition, but this is merely an example, and the
virtual viewpoint image generation unit 28C may perform,
as the first control, control of including the advertisement
sign image 77 in the virtual viewpoint image 76 by deciding
the viewpoint information 74 based on the positional infor-
mation 39 within a range in which one of the size or the
position of the advertisement sign image 77 in the virtual
viewpoint image 76 satisfy a first predetermined condition.
[0149] According to the second modification example, it is
possible to further suppress the inclusion of the advertise-
ment sign image 77 in the virtual viewpoint video 78 at the
size and/or the position that is not intended by a side (for
example, the advertiser) that provides the advertisement sign
image 77 to the user 14 as compared to a case in which the
first control is performed in the virtual viewpoint video 78
irrespective of both the size and the position of the adver-
tisement sign image 77.

Third Modification Example

[0150] In the embodiment described above, the control of
including the advertisement sign image 77 in the virtual
viewpoint image 76 regardless of an attribute of the adver-
tisement sign 6 is described as an example of the first
control, but the technology of the present disclosure is not
limited to this. For example, priorities of displaying may be
given to the plurality of advertisement signs 6 (see FIG. 2),
and the virtual viewpoint image generation unit 28C may
perform the first control based on the priorities of displaying
in a case in which the plurality of advertisement signs 6
given with the priorities of displaying are imaged in the
captured image 64. Here, the priority of displaying means,
for example, the priority of being displayed on the display
18. Hereinafter, for convenience of description, the priority
of displaying will be simply referred to as a “priority”.
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[0151] As an example, as shown in FIG. 16, priority
information 80 is stored in the NVM 30. The priority
information 80 is information indicating the priorities of the
plurality of advertisement signs 6. The virtual viewpoint
image generation unit 28C acquires the priority information
80 from the NVM 30. Then, the virtual viewpoint image
generation unit 28C performs, as the first control, control of
including the advertisement sign image 77 in the virtual
viewpoint image 76 by deciding the viewpoint information
74 based on the positional information 39 with reference to
the priority information 80 acquired from the NVM 30.
[0152] For example, in a case in which the viewpoint path
P1 is divided into a range in which the advertisement sign
image 77 showing the advertisement sign 6 having the first
priority is generated and a range in which the advertisement
sign image 77 showing the advertisement sign 6 having the
tenth priority is generated without generating the advertise-
ment sign image 77 showing the advertisement sign 6
having the first priority, the virtual viewpoint image gen-
eration unit 28C generates the viewpoint path information
74A indicating a viewpoint path P3 in which the viewpoint
path P1 is limited only to the range in which the advertise-
ment sign image 77 showing the advertisement sign 6
having the first priority is generated. In this case, the virtual
viewpoint video 78 including the advertisement sign image
77 showing the advertisement sign 6 having the first priority
is generated by the virtual viewpoint image generation unit
28C. The virtual viewpoint video 78 generated in this
manner is displayed on the display 18. In addition, for
example, in a case in which a part of the advertisement sign
image 77 showing the advertisement sign 6 having the first
priority is generated and a part of the advertisement sign
image 77 showing the advertisement sign 6 having the tenth
priority is generated at a certain viewpoint position on the
viewpoint path P1, the virtual viewpoint image generation
unit 28C may change the viewpoint position to the view-
point position at which the all the advertisement sign images
77 showing the advertisement sign 6 having the first priority
are generated and the viewpoint position at which the
advertisement sign image 77 showing the advertisement sign
6 having the tenth priority is not generated.

[0153] According to the third modification example, in a
case in which the plurality of advertisement signs 6 are
imaged in the captured image 64, it is possible to show the
user 14 the advertisement sign image 77 showing the
advertisement sign 6 decided according to the priority.
[0154] In addition, in the third modification example, the
priority is decided based on the attribute of the advertise-
ment sign 6. Examples of the attribute of the advertisement
sign 6 include a charge for the advertisement sign 6. That is,
the priority is higher as the charge of the advertisement sign
6 is higher. In this case, the advertisement sign image 77 can
be shown to the user 14 according to the priority decided
based on the attribute of the advertisement sign 6.

[0155] It should be noted that the attribute of the adver-
tisement sign 6 is not limited to the charge, and for example,
a size of the advertisement sign 6, a type of the advertiser of
the advertisement sign 6, information drawn on the adver-
tisement sign 6, and/or a background of the advertisement
sign 6 may be used.

Fourth Modification Example

[0156] In the third modification example described above,
the form example is described in which the priority is
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decided based on the attribute of the advertisement sign 6,
but the technology of the present disclosure is not limited to
this. For example, the priority may be decided based on an
attribute of the user 14 who sets the viewpoint information
74.

[0157] In this case, as shown in FIG. 17 as an example,
user attribute information 74G indicating the attribute of the
user 14 (for example, the user 14 who indicates the view-
point in the viewpoint setting mode and indicates the gaze
point in the gaze point setting mode) who sets the viewpoint
information 74 is included in the viewpoint information 74.
The attribute of the user 14 refers to, for example, gender,
age, a hometown, a supporting team, an occupation, cloth-
ing, race, belongings, and/or a favorite player name of the
user 14.

[0158] The virtual viewpoint image generation unit 28C
extracts the user attribute information 74G from the view-
point information 74. Then, the virtual viewpoint image
generation unit 28C decides the priority based on the user
attribute information 74G extracted from the viewpoint
information 74. For example, in a case in which the attribute
of the user 14 is a woman, the priority of the advertisement
sign 6 that matches the preference of the woman is set higher
than the priority of the other advertisement signs 6, so that
the advertisement sign image 77 showing the advertisement
sign 6 that matches the preference of the woman is more
easily included in the virtual viewpoint video 78 than the
advertisement sign image 77 showing the advertisement sign
6 other than the advertisement sign 6 that matches the
preference of the woman.

[0159] According to the fourth modification example, as
compared to a case in which the priority is decided irre-
spective of the attribute of the user 14 who sets the view-
point information 74, the advertisement sign image 77 that
matches the preference of the user 14 can be easily shown
to the user 14.

Fifth Modification Example

[0160] In the fourth modification example described
above, the form example is described in which the priority
is decided based on the attribute of the user 14, but the
technology of the present disclosure is not limited to this.
For example, the priority may be decided based on a state of
an imaging target imaged by the plurality of imaging appa-
ratuses 36.

[0161] Inthis case, as shown in FIG. 18 as an example, the
virtual viewpoint image generation unit 28C acquires the
plurality of captured images 64. The virtual viewpoint image
generation unit 28C specifies the state of the imaging target
by recognizing the subject imaged in the plurality of cap-
tured images 64. Examples of the subject recognition
method include a subject recognition method using Al and
a subject recognition method using template matching. The
virtual viewpoint image generation unit 28C decides the
priority based on the specified state of the imaging target.
[0162] Here, the state of the imaging target refers to, for
example, a degree of density of a plurality of moving objects
(for example, a plurality of persons). The degree of density
is represented by, for example, a population density. For
example, as the priorities for the plurality of advertisement
signs 6, a priority in a case in which the degree of density
is higher than a predetermined value and a priority in a case
in which the degree of density is equal to or lower than the
predetermined value are decided in advance, the virtual
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viewpoint image generation unit 28C decides whether to use
the priority in a case in which the degree of density is higher
than the predetermined value or to use the priority in a case
in which the degree of density is equal to or lower than the
predetermined value, according to the specified degree of
density. The predetermined value may be a fixed value, or
may be a variable value that is changed in response to the
instruction received by the reception device 50 and/or vari-
ous conditions (for example, the imaging condition).
[0163] According to the fifth modification example, the
advertisement sign image 77 can be shown to the user 14
according to the priority decided based on the state of the
imaging target imaged by the plurality of imaging appara-
tuses 36.

[0164] It should be noted that, here, the degree of density
is described as an example of the state of the imaging target,
but this is merely an example, and the state of the imaging
target may be, for example, a speed of the movement of the
subject, a size of the subject, a position of the subject, a
brightness of the subject, and/or a type of the subject.

Sixth Modification Example

[0165] In the embodiment described above, the control of
including the advertisement sign image 77 in the virtual
viewpoint image 76 is described as an example of the first
control. However, in a case in which the image showing only
aback side (for example, a side on which no information that
the advertiser wants to transmit is drawn) of the advertise-
ment sign 6 is included as the advertisement sign image 77
in the virtual viewpoint image 76, an advertising effect
intended by the advertiser cannot be expected.

[0166] Therefore, as shown in FIG. 19 as an example, the
virtual viewpoint image generation unit 28C changes a
display aspect of the advertisement sign image 77 based on
the viewpoint information 74 and the positional information
39. In this case, for example, the virtual viewpoint image
generation unit 28C determines whether or not the image
showing only the back side of the advertisement sign 6 is
included as the advertisement sign image 77 in the virtual
viewpoint image 76 with reference to the viewpoint infor-
mation 74 and the positional information 39. In a case in
which the virtual viewpoint image generation unit 28C
determines that the image showing only the back side of the
advertisement sign 6 is included as the advertisement sign
image 77 in the virtual viewpoint image 76, the virtual
viewpoint image generation unit 28C performs control of
including the image showing a front side (for example, a
side on which the information that the advertiser wants to
transmit is drawn) of the advertisement sign 6 in the virtual
viewpoint image 76.

[0167] In the sixth modification example, the advertise-
ment sign image 77 of which the display aspect is changed
based on the viewpoint information 74 and the positional
information 39 can be shown to the user 14.

[0168] Here, the form example is described in which the
virtual viewpoint image generation unit 28C changes the
direction of the advertisement sign image 77, but the tech-
nology of the present disclosure is not limited to this. The
virtual viewpoint image generation unit 28C may change the
display aspect of the advertisement sign image 77 by chang-
ing the size of the advertisement sign image 77 to be equal
to or larger than a standard size or emphasizing an outline of
the advertisement sign image 77 in a case in which the size
of the advertisement sign image 77 included in the virtual
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viewpoint image 76 is smaller than the standard size with
reference to the viewpoint information 74 and the positional
information 39.

Seventh Modification Example

[0169] In the embodiment described above, the first con-
trol is described as an example, but this is merely an
example, and second control may be performed instead of
the first control or in combination with the first control.
Here, the second control refers to control of including the
advertisement sign image 77 in the virtual viewpoint image
76 by moving the advertisement sign image 77 based on the
positional information 39.

[0170] As shown in FIG. 20 as an example, in a case in
which the virtual viewpoint image generation unit 28C
acquires the plurality of captured images 64 according to the
viewpoint information 74 (in the example shown in FIG. 20,
the information including the viewpoint path information
74A indicating the viewpoint path P1), and generates the
virtual viewpoint video 78 based on the acquired plurality of
captured images 64, the advertisement sign image 77 may
not be included in the virtual viewpoint image 76 of at least
the last frame included in the virtual viewpoint video 78.
[0171] Therefore, in this case, the virtual viewpoint image
generation unit 28C performs the second control. In this
case, as shown in FIG. 21 as an example, first, the virtual
viewpoint image generation unit 28C acquires, from the
NVM 30, the positional information 39 related to the adver-
tisement sign 6 shown by the advertisement sign image 77
included in the virtual viewpoint image 76 other than the
virtual viewpoint image 76 in which the advertisement sign
image 77 in the virtual viewpoint video 78 is not included.
Next, the virtual viewpoint image generation unit 28C
acquires the viewpoint information 74 used for the genera-
tion of the virtual viewpoint image 76 (for example, the
virtual viewpoint image 76 of the last frame) in which the
advertisement sign image 77 is not included. Then, the
virtual viewpoint image generation unit 28C moves the
advertisement sign image 77 in the virtual viewpoint image
76 of another frame into the virtual viewpoint image 76 in
which the advertisement sign image 77 is not included, with
reference to the positional information 39 and the viewpoint
information 74. For example, the virtual viewpoint image
generation unit 28C moves the advertisement sign image 77
showing the advertisement sign 6 that is present at the
closest position to the angle of view specified from the
angle-of-view information 74F (see FIG. 8) included in the
viewpoint information 74 used for the generation of the
virtual viewpoint image 76 (for example, the virtual view-
point image 76 of the last frame) in which the advertisement
sign image 77 is not included, into the virtual viewpoint
image 76 in which the advertisement sign image 77 is not
included. As a result, the advertisement sign image 77 can be
more easily included in the virtual viewpoint video 78 than
in a case in which only the virtual viewpoint video 78 is
simply generated irrespective of the position of the adver-
tisement sign 6.

[0172] It should be noted that it is possible to apply the
second modification example described above to the seventh
modification example. That is, the virtual viewpoint image
generation unit 28C may perform the second control based
on at least one of the size or the position of the advertisement
sign image 77 in the virtual viewpoint image 76 generated
based on the viewpoint information 74. In this case, it is
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possible to further suppress the inclusion of the advertise-
ment sign image 77 in the virtual viewpoint video 78 at the
size and/or the position that is not intended by a side (for
example, the advertiser) that provides the advertisement sign
image 77 to the user 14 than a case in which the second
control is performed in the virtual viewpoint video 78
irrespective of both the size and the position of the adver-
tisement sign image 77.

[0173] In addition, it is possible to apply the third modi-
fication example described above to the seventh modifica-
tion example. That is, the priorities may be given to the
plurality of advertisement signs 6 (see FIG. 2), and the
virtual viewpoint image generation unit 28C may perform
the second control based on the priorities in a case in which
the plurality of advertisement signs 6 given with the priori-
ties are imaged in the captured image 64. In this case as well,
the same effect as the effect of the third modification
example is obtained.

[0174] It should be noted that the priority may be decided
based on the attribute of the advertisement sign 6. In
addition, in the seventh modification example, the priority
may be decided by the methods described in the fourth
modification example and the fifth modification example. In
addition, in the seventh modification example, the display
aspect of the advertisement sign image 77 may be changed
by the method described in the sixth modification example.

Eighth Modification Example

[0175] In the embodiment described above, the first con-
trol is described as an example, but this is merely an
example, and third control may be performed instead of the
first control or in combination with the first control. In
addition, the third control may be performed instead of the
second control described in the seventh modification
example, or together with the second control. Here, the third
control refers to control of including the advertisement sign
image 77 in the virtual viewpoint image 76 by changing the
viewpoint information 74 based on the positional informa-
tion 39.

[0176] As shown in FIG. 22 as an example, as in the
embodiment described above, the virtual viewpoint image
generation unit 28C acquires the plurality of captured
images 64 from the plurality of imaging apparatuses 36
according to the viewpoint information 74 received by the
viewpoint information acquisition unit 28B. That is, the
virtual viewpoint image generation unit 28C acquires the
plurality of captured images 64 from the plurality of imaging
apparatuses 36, which are used for the generation of the
virtual viewpoint image 76 (see FIG. 11) showing the aspect
of the subject in a case in which the subject is observed
according to the viewpoint information 74. The virtual
viewpoint image generation unit 28C acquires the positional
information 39 related to the advertisement sign 6 of which
the entirety imaged in the captured image 64 from the NVM
30 with reference to the imaging condition information 64A
included in each captured image 64.

[0177] The virtual viewpoint image generation unit 28C
performs, as the third control, the control of including the
advertisement sign image 77 in the virtual viewpoint image
76 by deciding the viewpoint information 74 received by the
viewpoint information acquisition unit 28B based on the
positional information 39. In the eighth modification
example, the change of the viewpoint path information 74A
is described as an example of the decision of the viewpoint
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information 74. That is, the virtual viewpoint image gen-
eration unit 28C changes the viewpoint path information
74A such that the advertisement sign 6 is imaged in the
virtual viewpoint image 76. In this case, for example, as
shown in FIG. 22, the viewpoint path P1 is changed to a
viewpoint path P4. In addition, the starting point positional
information and/or the end point positional information in
the viewpoint path information 74A may be changed. It
should be noted that, here, the change of the viewpoint path
information 74A is described as an example, but this is
merely an example, and the visual line direction information
74B and/or the angle-of-view information 74F may be
changed such that the advertisement sign 6 is imaged in the
virtual viewpoint image 76.

[0178] According to the eighth modification example, the
advertisement sign image 77 can be more easily included in
the virtual viewpoint video 78 than in a case in which only
the virtual viewpoint video 78 is simply generated irrespec-
tive of the position of the advertisement sign 6.

[0179] In addition, it is possible to apply the third modi-
fication example described above to the eighth modification
example. That is, the priorities may be given to the plurality
of advertisement signs 6 (see FIG. 2), and the virtual
viewpoint image generation unit 28C may perform the third
control based on the priorities in a case in which the plurality
of advertisement signs 6 given with the priorities are imaged
in the captured image 64. In this case as well, the same effect
as the effect of the third modification example is obtained.
[0180] In a case in which the third modification example
described above is applied to the eighth modification
example, the priority may be decided based on the attribute
of the advertisement sign 6. In addition, in the eighth
modification example, the priority may be decided by the
methods described in the fourth modification example and
the fifth modification example. In addition, in the eighth
modification example, the display aspect of the advertise-
ment sign image 77 may be changed by the method
described in the sixth modification example.

[0181] In addition, it is also possible to apply the second
modification example described above to the eighth modi-
fication example. That is, the virtual viewpoint image gen-
eration unit 28C may perform the third control based on at
least one of the size or the position of the advertisement sign
image 77 in the virtual viewpoint image 76 generated based
on the viewpoint information 74. In this case, it is possible
to further suppress the inclusion of the advertisement sign
image 77 in the virtual viewpoint video 78 at the size and/or
the position that is not intended by a side (for example, the
advertiser) that provides the advertisement sign image 77 to
the user 14 than a case in which the second control is
performed in the virtual viewpoint video 78 irrespective of
both the size and the position of the advertisement sign
image 77.

Ninth Modification Example

[0182] In the eighth modification example, as an example,
the form example is described in which the viewpoint path
information 74A is changed, but the technology of the
present disclosure is not limited thereto. For example, the
visual line direction information 74B may be changed based
on the positional information 39 at the position of the
starting point P1s and/or the position of the end point Ple of
the viewpoint path P1 indicated by the viewpoint path
information 74A. In this case, for example, as shown in FIG.
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23, the virtual viewpoint image generation unit 28C changes
the visual line direction at the position of the end point Ple
with reference to the positional information 39 such that the
advertisement sign image 77 is included in the virtual
viewpoint image 76 at the position of the end point Ple. In
the example shown in FIG. 23, the aspect is shown in which
the visual line direction is changed at the position of the end
point Ple, but the visual line direction may be changed at the
position of the starting point Pls.

[0183] According to the ninth modification example, as
compared to a case in which the visual line direction is fixed
in one direction at the position of the starting point P1s of the
viewpoint path P1 and the position of the end point Ple of
the viewpoint path P1, the advertisement sign image 77 can
be easily included in the virtual viewpoint video 78.
[0184] In addition, it is possible to apply the third modi-
fication example described above to the ninth modification
example. That is, the priorities may be given to the plurality
of advertisement signs 6 (see FIG. 2), and the virtual
viewpoint image generation unit 28C may perform the third
control based on the priorities in a case in which the plurality
of'advertisement signs 6 given with the priorities are imaged
in the captured image 64. In this case as well, the same effect
as the effect of the third modification example is obtained.
[0185] In a case in which the third modification example
described above is applied to the ninth modification
example, the priority may be decided based on the attribute
of the advertisement sign 6. In addition, in the ninth modi-
fication example, the priority may be decided by the meth-
ods described in the fourth modification example and the
fifth modification example. In addition, in the ninth modi-
fication example, the display aspect of the advertisement
sign image 77 may be changed by the method described in
the sixth modification example.

[0186] It should be noted that, in the ninth modification
example, the form example is described in which the visual
line direction is changed at the position of the starting point
P1s and/or the position of the end point Ple of the viewpoint
path P1, but the technology of the present disclosure is not
limited to this, and the visual line direction may be changed
at a position in the middle of the viewpoint path P1. For
example, in a case in which the required time indicated by
the required time information 74C (see FIG. 8) is equal to or
longer than a first threshold value (for example, 30 seconds),
the virtual viewpoint image generation unit 28C may change
the visual line direction with reference to the positional
information 39 such that the advertisement sign image 77 is
included in the virtual viewpoint image 76 during a period
until the required time elapses. In addition, for example, in
a case in which the elapsed time indicated by the elapsed
time information 74D (see FIG. 8) is equal to or longer than
a second threshold value (for example, 10 seconds), the
virtual viewpoint image generation unit 28C may change the
visual line direction with reference to the positional infor-
mation 39 such that the advertisement sign image 77 is
included in the virtual viewpoint image 76 at a position of
the viewpoint corresponding to the elapsed time information
74D indicating the elapsed time that is equal to or longer
than the second threshold value. In addition, for example, in
a case in which the movement speed specified from the
movement speed information 74E (see FIG. 8) is equal to or
higher than a third threshold value (for example, 1 meter/
second), the virtual viewpoint image generation unit 28C
may change the visual line direction with reference to the
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positional information 39 such that the advertisement sign
image 77 is included in the virtual viewpoint image 76 at a
position of the viewpoint corresponding to the movement
speed that is equal to or higher than the third threshold value.
In addition, for example, in a case in which a change amount
per unit time of the angle of view specified from the
angle-of-view information 74F (see FIG. 8) is equal to or
larger than a fourth threshold value (for example, 30
degrees), the virtual viewpoint image generation unit 28C
may change the visual line direction with reference to the
positional information 39 such that the advertisement sign
image 77 is included in the virtual viewpoint image 76 at a
position of the viewpoint at which the change amount per
unit time is equal to or larger than the fourth threshold value.
[0187] In addition, in addition to the change of the visual
line direction, the size of the advertisement sign image 77 in
the virtual viewpoint image 76 may be also changed at a
position of the viewpoint at which the visual line direction
is changed. The angle of view may also be changed. In this
way, in a case in which the advertisement sign image 77 is
emphasized and displayed at a timing at which the visual
line direction is changed, it is possible to enhance the
advertising effect of the advertisement sign image 77 for the
user 14 as compared to a case in which the advertisement
sign image 77 is not emphasized and displayed.

[0188] It should be noted that, in the examples described
above, in a case in which the advertisement sign image 77
is not included in the virtual viewpoint image 76, the
viewpoint information 74 is limited, the advertisement sign
image 77 is moved, or the viewpoint information 74 is
changed, but the technology of the present disclosure is not
limited to this. For example, in a case in which a position
specified from the positional information 39, that is the
position of the advertisement sign 6 is not included in a
region specified based on the viewpoint information 74
received by the viewpoint information acquisition unit 28B,
the virtual viewpoint image generation unit 28C may change
the positional information 39. In this case, even in a case in
which the position specified from the positional information
39 is not included in the region specified based on the
viewpoint information 74, the advertisement sign image 77
can be shown to the user 14. It should be noted that, here,
the change of the positional information 39 is described as
an example, but the technology of the present disclosure is
not limited to this, and a position of the advertisement sign
image 77 may be changed instead of the change of the
positional information 39 or together with the change of the
positional information 39.

[0189] In addition, for example, in a case in which the
viewpoint information 74, which is received by the view-
point information acquisition unit 28B, and the positional
information 39 satisfy a first condition, the virtual viewpoint
image generation unit 28C may change the positional infor-
mation 39 and/or the position of the advertisement sign
image 77.

[0190] Here, a first example of the first condition is a
condition in which only a part (for example, 10% of the
advertisement sign 6) of the advertisement sign 6 specified
from the positional information 39 is included in the region
specified based on the viewpoint information 74 received by
the viewpoint information acquisition unit 28B. In addition,
a second example of the first condition is a condition in
which the advertisement sign 6 specified from the positional
information 39 is included in a specific region (for example,
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a central part) of the region specified based on the viewpoint
information 74 received by the viewpoint information acqui-
sition unit 28B.

[0191] In a case in which the condition described as the
first example of the first condition is satisfied, for example,
the virtual viewpoint image generation unit 28C changes the
positional information 39 and/or the position of the adver-
tisement sign image 77 such that the entire advertisement
sign 6 is included in the region specified based on the
viewpoint information 74. In addition, in a case in which the
condition described as the second example of the first
condition is satisfied, for example, the virtual viewpoint
image generation unit 28C changes the positional informa-
tion 39 and/or the position of the advertisement sign image
77 such that the entire advertisement sign 6 is included in an
end part of the region specified based on the viewpoint
information 74.

[0192] With the configuration in which the virtual view-
point image generation unit 28C changes the positional
information 39 and/or the position of the advertisement sign
image 77 in a case in which the viewpoint information 74,
which is acquired by the viewpoint information acquisition
unit 28B, and the positional information 39 satisfy the first
condition, the advertisement sign image 77 can be shown to
the user 14 according to a relationship between the view-
point information 74 and the positional information 39.
[0193] In addition, in the examples described above, the
virtual viewpoint image generation unit 28C generates the
virtual viewpoint image 76, which is the image showing the
aspect of the subject in a case in which the subject is
observed from the viewpoint specified by the viewpoint
information 74, based on the plurality of captured images 64
and the viewpoint information 74. However, the technology
of the present disclosure is not limited to this, and the virtual
viewpoint image generation unit 28C may cause an external
device (for example, a server) connected to the image
processing apparatus 10 in a communicable manner to
generate the virtual viewpoint image 76, and may acquire
the virtual viewpoint image 76 from the external device.
[0194] In addition, in the examples described above, the
advertisement sign 6 is described as an example, but the
technology of the present disclosure is not limited to this,
and for example, clothing of a soccer player (clothing with
advertisement inclusion), a balloon with advertisement
inclusion, a mascot with advertisement inclusion, a flag with
advertisement inclusion, and/or an object, such as an adver-
tisement surface projected by a projector may be used. A
specific object (for example, a three-dimensional object
protected as a trademark) without advertisement inclusion
may be used.

[0195] In addition, in the examples described above, the
form example is described in which the virtual viewpoint
image 76 includes the entire advertisement sign image 77,
but the technology of the present disclosure is not limited to
this, and the virtual viewpoint image 76 need only include
a part (for example, equal to or more than half) of the
advertisement sign image 77.

[0196] In addition, in the examples described above, the
form example is described in which the image generation
processing is executed by the computer 22 of the image
processing apparatus 10, but the technology of the present
disclosure is not limited to this. The image generation
processing may be executed by the computer 40 of the user
device 12, or the distributed processing may be performed
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by the computer 22 of the image processing apparatus 10
and the computer 40 of the user device 12.

[0197] In addition, in each of the examples described
above, the computer 22 is described as an example, but the
technology of the present disclosure is not limited to this.
For example, instead of the computer 22, a device including
an ASIC, an FPGA, and/or a PLD may be applied. More-
over, instead of the computer 22, a hardware configuration
and a software configuration may be used in combination.
The same applies to the computer 40 of the user device 12.
[0198] In addition, in the examples described above, the
image generation processing program 38 is stored in the
NVM 30, but the technology of the present disclosure is not
limited to this, and as shown in FIG. 24 as an example, the
image generation processing program 38 may be stored in
any portable storage medium 300, such as an SSD or a USB
memory, which is a non-transitorily storage medium. In this
case, by installing the image generation processing program
38 stored in the storage medium 300 in the computer 22, and
the CPU 28 executes the image generation processing
according to the image generation processing program 38.
[0199] In addition, the image generation processing pro-
gram 38 may be stored in a memory of another computer, a
server device, or the like connected to the computer 22 via
a communication network (not shown), and the image
generation processing program 38 may be downloaded to
the image processing apparatus 10 in response to a request
from the image processing apparatus 10. In this case, the
image generation processing is executed by the CPU 28 of
the computer 22 according to the downloaded image gen-
eration processing program 38.

[0200] In addition, although the CPU 28 is described as an
example in the examples described above, at least one CPU,
at least one GPU, and/or at least one TPU may be used
instead of the CPU 28 or together with the CPU 28.
[0201] The following various processors can be used as a
hardware resource for executing the image generation pro-
cessing. As described above, examples of the processor
include the CPU, which is a general-purpose processor that
functions as the hardware resource for executing the image
generation processing according to software, that is, the
program. In addition, another example of the processor
includes a dedicated electric circuit which is a processor
having a circuit configuration specially designed for execut-
ing the dedicated processing, such as the FPGA, the PLD, or
the ASIC. The memory is built in or connected to any
processor, and any processor executes the image generation
processing by using the memory.

[0202] The hardware resource for executing the image
generation processing may be configured by one of these
various processors, or may be configured by a combination
(for example, a combination of a plurality of FPGAs or a
combination of the CPU and the FPGA) of two or more
processors of the same type or different types. In addition,
the hardware resource for executing the image generation
processing may be one processor.

[0203] A first example in which the hardware resource is
configured by one processor is a form in which one proces-
sor is configured by a combination of one or more CPUs and
software, and the processor functions as the hardware
resource for executing the image generation processing, as
represented by a computer, such as a client and a server. A
second example thereof is a form in which a processor that
realizes the functions of the entire system including a
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plurality of hardware resources for executing the image
generation processing with one IC chip is used, as repre-
sented by SoC. As described above, the image generation
processing is realized by using one or more of the various
processors as the hardware resources.
[0204] Further, as the hardware structures of these various
processors, more specifically, an electric circuit in which
circuit elements, such as semiconductor elements, are com-
bined can be used.
[0205] Also, the image generation processing described
above is merely an example. Therefore, it is needless to say
that unnecessary steps may be deleted, new steps may be
added, or the processing order may be changed within a
range that does not deviate from the gist.
[0206] The described contents and the shown contents are
the detailed description of the parts according to the tech-
nology of the present disclosure, and are merely examples of
the technology of the present disclosure. For example, the
description of the configuration, the function, the action, and
the effect are the description of examples of the configura-
tion, the function, the action, and the effect of the parts
according to the technology of the present disclosure.
Accordingly, it is needless to say that unnecessary parts may
be deleted, new elements may be added, or replacements
may be made with respect to the described contents and the
shown contents within a range that does not deviate from the
gist of the technology of the present disclosure. In addition,
in order to avoid complications and facilitate understanding
of the parts according to the technology of the present
disclosure, the description of common technical knowledge
or the like, which does not particularly require the descrip-
tion for enabling the implementation of the technology of
the present disclosure, is omitted in the described contents
and the shown contents.
[0207] In the present specification, “A and/or B” is syn-
onymous with “at least one of A or B”. That is, “A and/or B”
means that it may be only A, only B, or a combination of A
and B. In addition, in the present specification, in a case in
which three or more matters are associated and expressed by
“and/or”, the same concept as “A and/or B” is applied.
[0208] All documents, patent applications, and technical
standards described in the present specification are incorpo-
rated into the present specification by reference to the same
extent as in a case in which the individual documents, patent
applications, and technical standards are specifically and
individually stated to be described by reference.
What is claimed is:
1. An image processing apparatus comprising:
a processor; and
a memory connected to or built in the processor,
wherein the processor
acquires a first virtual viewpoint image generated based
on a plurality of captured images,
acquires viewpoint information,
acquires positional information of an object imaged in
the captured image, and
acquires a second virtual viewpoint image in which an
object image showing the object is included based on
the viewpoint information and the positional infor-
mation.
2. The image processing apparatus according to claim 1,
wherein the processor
acquires the viewpoint information by receiving the
viewpoint information, and
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performs first control of including the object image in
the second virtual viewpoint image by deciding the
received viewpoint information based on the posi-
tional information.
3. The image processing apparatus according to claim 2,
wherein the viewpoint information includes a first view-
point path that is received.
4. The image processing apparatus according to claim 2,
wherein the viewpoint information is information for
specifying a region shown by the second virtual view-
point image, and
the processor acquires the viewpoint information by
receiving the viewpoint information within a range in
which a position specified from the positional informa-
tion is included in the region.
5. The image processing apparatus according to claim 1,
wherein, in a case in which a position specified from the
positional information is not included in a region
specified based on the viewpoint information,
the processor changes at least one of the positional
information or a position of the object image.
6. The image processing apparatus according to claim 1,
wherein, in a case in which the viewpoint information and
the positional information satisfy a first condition,
the processor changes at least one of the positional
information or a position of the object image.
7. The image processing apparatus according to claim 1,
wherein the processor performs second control of includ-
ing the object image in the second virtual viewpoint
image by moving the object image based on the posi-
tional information.
8. The image processing apparatus according to claim 1,
wherein the processor performs third control of including
the object image in the second virtual viewpoint image
by changing the viewpoint information based on the
positional information.
9. The image processing apparatus according to claim 8,
wherein the viewpoint information includes at least one of
starting point positional information for specifying a
position of a starting point of a second viewpoint path,
end point positional information for specifying a posi-
tion of an end point of the second viewpoint path, first
visual line direction information for specifying a first
visual line direction, or angle-of-view information for
specifying an angle of view.
10. The image processing apparatus according to claim 8,
wherein the viewpoint information includes second visual
line direction information for specifying a second
visual line direction, and
the third control includes control of including the object
image in the second virtual viewpoint image by chang-
ing the second visual line direction information based
on the positional information at at least one of a
position of a starting point of a third viewpoint path or
a position of an end point of the third viewpoint path as
the viewpoint information.
11. The image processing apparatus according to claim 2,
wherein the second virtual viewpoint image includes a
first subject image showing a subject, and
the processor performs the first control within a range in
which at least one of a size or a position of the first
subject image in the second virtual viewpoint image
satisfies a second condition.
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12. The image processing apparatus according to claim 7,
wherein the processor performs the second control based
on at least one of a size or a position of a second subject
image showing a subject in a third virtual viewpoint
image generated based on the viewpoint information.
13. The image processing apparatus according to claim 8,
wherein the processor performs the third control based on
at least one of a size or a position of a third subject
image showing a subject in a third virtual viewpoint
image generated based on the viewpoint information.
14. The image processing apparatus according to claim 2,
wherein a priority of displaying is given to the object, and
the processor performs the first control based on the
priority in a case in which a plurality of the objects
given with the priorities are imaged in the captured
image.
15. The image processing apparatus according to claim 7,
wherein a priority of displaying is given to the object, and
the processor performs the second control based on the
priority in a case in which a plurality of the objects
given with the priorities are imaged in the captured
image.
16. The image processing apparatus according to claim 8,
wherein a priority of displaying is given to the object, and
the processor performs the third control based on the
priority in a case in which a plurality of the objects
given with the priorities are imaged in the captured
image.
17. The image processing apparatus according to claim
14,
wherein the priority is decided based on an attribute of the
object.
18. The image processing apparatus according to claim
14,
wherein the processor decides the priority based on an
attribute of a user who sets the viewpoint information.
19. The image processing apparatus according to claim
14,
wherein the processor decides the priority based on a state
of an imaging target imaged by a plurality of imaging
apparatuses.
20. The image processing apparatus according to claim 1,
wherein the processor changes a display aspect of the
object image based on the viewpoint information and
the positional information.
21. The image processing apparatus according to claim 1,
wherein the processor outputs data for displaying the
second virtual viewpoint image on a display for a time
which is decided according to the viewpoint informa-
tion.
22. An image processing method comprising:
acquiring a first virtual viewpoint image generated based
on a plurality of captured images;
acquiring viewpoint information;
acquiring positional information of an object imaged in
the captured image; and
acquiring a second virtual viewpoint image in which an
object image showing the object is included based on
the viewpoint information and the positional informa-
tion.
23. A non-transitory computer-readable storage medium
storing a program executable by a computer to perform a
process comprising:
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acquiring a first virtual viewpoint image generated based
on a plurality of captured images;

acquiring viewpoint information;

acquiring positional information of an object imaged in
the captured image; and

acquiring a second virtual viewpoint image in which an
object image showing the object is included based on
the viewpoint information and the positional informa-
tion.



