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ABSTRACT
A viewpoint control unit 204 detects a user operation
on a display surface for displaying a virtual-viewpoint
video (S801) and controls at least one of the position and
the orientation of a virtual viewpoint concerning generation
of the virtual-viewpoint video in accordance with the user

operation (S803, S$S808, S812, S814).
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DESCRIPTION
Title of Invention: CONTROL APPARATUS, CONTROL METHOD, AND
PROGRAM
Technical Field
[0001]

The present invention relates to a method of
controlling a virtual viewpoint.
Background Art
[0002]

Virtual-viewpoint video generating technologies are
known, which generate videos of arbitrary viewpoints from
multiple videos captured by multiple cameras having
different viewpoints. Methods of generating the virtual-
viewpoint videos based on predetermined moving paths of the
virtual viewpoints and methods of generating the virtual-
viewpoint videos in accordance with the positions, the
attitudes, and so on of the virtual viewpoints specified by
viewers or the likes are known as the methods of generating
the virtual-~viewpoint videos (rendering methods) .

[0003]

With the virtual-viewpoint video generating
technologies, it is possible for the viewers to view the
videos of high interactivity. 1In contrast, with devices,
such as tablets and smartphones, which use touch panels as

main interfaces, it is difficult to desirably operate the
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viewpoints. PTL 1 describes selection of one of multiple
pieces of viewpoint coordinate data and one of multiple
pieces of rotation start point data by a user and inputting
of the rotation angle and the amount of movement of the
viewpoint to set the viewpoint.

Citation List

Patent Literature

[0004]

PTL 1: Japanese Patent Laid-Open No. 2015-187797
Summary of Invention
Technical Problem
[0005]

The method in PTL 1 use many operation procedures for
setting the virtual viewpoint. It is an object of the
present invention to enable the virtual viewpoint to be more
easily set.

Solution to Problem
[0006]

In order to resolve the above problem, a control
apparatus according to the present invention has the
following configuration. Specifically, the control
apparatus includes detecting means for detecting a user
operation on a display surface for displaying a virtual-
viewpoint video and control means for controlling at least

one of the position and the orientation of a virtual
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viewpoint concerning generation of the virtual-viewpoint
video in accordance with the user operation detected by the
detecting means.
Advantageous Effects of Invention
[0007]

According to the present invention, it is possible to
more easily set the virtual viewpoint.
Brief Description of Drawings
[0008]

[Fig. 1] Fig. 1 is a block diagram illustrating the
hardware configuration of a control apparatus 100.

[Fig. 2] Fig. 2 is a block diagram illustrating the
functional configuration of the control apparatus 100.

[Fig. 3] Fig. 3 is a diagram illustrating an example of
how a virtual viewpoint is controlled in response to a
sliding operation with one finger in a first embodiment.

[Fig. 4] Fig. 4 is a diagram illustrating an example of
how the virtual viewpoint is controlled in response to a
sliding operation with three fingers in the first
embodiment.

[Fig. 5] Fig. 5 is a diagram illustrating an example of
how the virtual viewpoint is controlled in response to a
sliding operation with two fingers in the first embodiment.

[Fig. 6] Fig. 6 is a diagram illustrating an example of

how the virtual viewpoint is controlled in response to a
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pinch-out operation with two fingers in the first
embodiment.

[Fig. 7] Fig. 7 is a flowchart illustrating a process
flow in the control apparatus 100 of the first embodiment.

[Fig. 8] Fig. 8 is a flowchart illustrating how the
virtual viewpoint is controlled in accordance with a user
operation.

Description of Embodiments
[0009]

Embodiments of the present invention will herein be
described with reference to the drawings. The embodiments
described below are not intended to limit the present
invention and all the combinations of features described in
the embodiments are not necessarily essential to resolution
of the present invention. The same reference numerals are
used to identify the same components for description.

[0010]
<First embodiment>

An example is described in a first embodiment, in which
a user controls the position, the orientation, and so on of
a virtual viewpoint by operating a display screen (touch
panel) to generate a virtual-viewpoint video corresponding
to the position, the orientation, and so on of the virtual
viewpoint. 1In the present embodiment, "changing the

position of a virtual camera" and "changing the position of
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the virtual viewpoint" are used to have the same meaning.
In addition, "changing the attitude of the virtual camera”
and "changing the orientation of the virtual viewpoint" are
used to have the same meaning.

[0011]

In the present embodiment, the virtual-viewpoint video
is a video that is generated based on multiple videos
captured by multiple cameras that captures images of their
fields (image capturing target areas) from different
directions and is a video that is generated in accordance
with the position, the attitude, and so on of the virtual
viewpoint (the virtual camera). The virtual-viewpoint video
of the present embodiment may be video data resulting from
compression of each image frame using a certain moving-image
compression method, may be video data resulting from
compression of each image frame using a certain still-image
compression method, or may be video image that is not
compressed.

[0012]

An exemplary system configuration of a control
apparatus 100 in the present embodiment will now be
described with reference to Fig. 1. Referring to Fig. 1, a
central processing unit (CPU) 101 executes programs stored
in a read only memory (ROM) 103 and/or a hard disk drive

(HDD) 105 using a random access memory (RAM) 102 as a
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working memory to control components described below via a
system bus 112. This performs various processes described
below. An HDD interface (I/F) 104 is an interface, such as
a serial advanced technology attachment (ATA) ((SATA)), with
which the control apparatus 100 is connected to a secondary
storage, such as the HDD 105 or an optical disk drive. The
CPU 101 is capable of reading out data from the HDD 105 via
the HDD interface (I/F) 104 and writing data into the HDD
105 via the HDD interface (I/F) 104. 1In addition, the CPU
101 decompresses data stored in the HDD 105 into the RAM
102. Furthermore, the CPU 101 is capable of storing a
variety of data in the RAM 102, which results from the
execution of the programs, in the HDD 105. An input
interface (I/F) 106 is used to connect an input device 107,
such as a touch panel, a keyboard, a mouse, a digital
camera, or a scanner, for inputting one or more coordinates
to the control apparatus 100. The input interface (I/F) 106
is a serial bus interface, such as Universal Serial Bus
(USB) or Institute of Electrical and Electronic Engineers
(IEEE) 13%4. The CPU 101 is capable of reading data from
the input device 107 via the input I/F 106. An output
interface (I/F) 108 is a video output interface, such as a
digital visual interface (DVI) or a high-definition
multimedia interface (HDMI) (registered trademark), with

which an output device 109, such as a display, is connected
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to the control apparatus 100. The CPU 101 is capable of
supplying data concerning the virtual-viewpoint video to the
output device 109 via the output I/F 108 to cause the output
device 109 to display the virtual-viewpoint video. A
network interface (I/F) 110 is a network card, such as a
local area network (LAN) card, with which the control
apparatus 100 is connected to an external server 111. The
CPU 101 is capable of reading data from the external server
111 via the network I/F 110.

[0013]

An example will be mainly described in the present
empbodiment, in which the input device 107 is the touch panel
of the control apparatus 100. In other words, the control
apparatus 100 may a smartphone or a tablet terminal. 1In
this case, the input device 107 (the touch panel) and the
output device 109 (the display screen) are integrated with
the contrecl apparatus 100. In addition, all the components
illustrated in Fig. 1 are not essential. For example, in
playing back of the virtual-viewpoint video stored in the
HDD 105, the external server 111 is not necessary. 1In
contrast, in generation of the virtual-viewpoint video
acquired from the external server 111, the HDD 105 is not
necessary. Furthermore, the control apparatus 100 may
include multiple CPUs 101. Furthermore, the control

apparatus 100 may include one or more pieces of dedicated
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hardware different from the CPU 101 or a graphics processing
unit (GPU) and at least part of the processing by the CPU
101 may be performed by the GPU or the dedicated hardware.
The dedicated hardware is exemplified by, for example, an
application specific integrated circuit (ASIC), a field
programmable gate array (FPGA), or a digital signal
processor (DSP).

[0014]

A method of controlling the virtual camera according to
the intention of the user in accordance with a user
operation using the touch panel will be described in the
present embodiment. The user operation in the present
embodiment shall at least include a tap operation, sliding
operations with one to three fingers, and pinch-in and
pinch-out operations.

[0015]

Even a beginner is capable of easily performing the
user operation with one finger while it is difficult to
input complicated information using the user operation with
one finger. It is difficult to perform detailed works using
the user operation with three fingers. Accordingly, simple
processes to control the virtual camera are allocated to the
user operation with one finger and the user operation with
three fingers (the sliding operations). A complicated

process to control the virtual camera is allocated to the
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operation with two fingers.
[0016]

The relationship between specific user operations and
the behaviors of the virtual camera will be described with
reference to Fig. 3 to Fig. 6. Fig. 3 illustrates how the
position and the attitude of the virtual camera are varied
in response to the sliding operation with one finger. 1In
response to the leftward sliding operation with one finger
to an image 301 before the user operation, the position and
the attitude of the virtual camera are changed to display an
image 302. Here, the position and the attitude of the
virtual camera are varied from a virtual viewpoint 305 to a
rightward virtual viewpoint 306 around the center of a point
304 on a three-dimensional space, which is drawn at the
center of a panoramic image 303. In other words, when the
number of the coordinates on the display screen (a display
surface), which are concurrently specified with the user
operation, is a first number (one), a viewpoint control unit
204 turns the virtual camera around a certain target
coordinate in accordance with the movement of the
coordinate. 1In other words, when the number of the
coordinates on the display surface, which are concurrently
specified with the user operation, is the first number
(one), the viewpoint control unit 204 controls the virtual

camera so that the virtual camera moves while focusing on
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the certain target coordinate in accordance with the
movement of the coordinate.
[0017]

As illustrated in Fig. 3, when the sliding operation
with one finger is detected, the movement range of the
virtual camera is limited on a circle 307 and the movement
direction of the virtual camera is limited to the horizontal
direction. This enables the movement of the virtual camera
according to the intention of the user to be performed, for
example, by the user who 1is inexperienced in a touch
operation or in a usage scene in which the trajectory of
touching is likely to be shifted. Accordingly, it is
possible to easily generate the virtual-viewpoint video with
no shake, as in Bullet-time.

[0018]

Fig. 4 illustrates how the position of the virtual
camera is varied in response to the sliding operation with
three fingers. 1In response to the rightward sliding
operation with three fingers to an image 401 before the user
operation, the position of the virtual camera is changed to
display an image 402. Here, the position of the virtual
camera is moved from a virtual viewpoint 404 to a wvirtual
viewpoint 405, as illustrated in a panoramic image 403. 1In
other words, when the number of the coordinates on the

display screen, which are concurrently specified with the
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user operation, is a third number (three), the viewpoint
control unit 204 controls the position of the virtual camera
so that the virtual camera is translated in the three-
dimensional space in accordance with the variation of the
coordinate.

[0019]

"The three coordinates are concurrently specified" is
not limited to the case in which three fingers concurrently
touch the display screen. For example, a case in which the
third finger touches the display screen while keeping a
state in which two fingers are touching the display screen
is determined to be in the state in which three fingers
concurrently touch the display screen. As described above,
the multiple coordinates may be concurrently specified even
if the tcouching of the display screen is started at
different timings by different fingers.

[0020]

The viewpoint control unit 204 of the present
embodiment moves the virtual camera so that the amount of
movement of the finger (fingers) on the display screen is
equal to the amount of movement of the drawing position in
the virtual-viewpoint video of a three-dimensional point 406
identified in accordance with a user operation. Making the
amount of movement of the finger (fingers) equal to the

amount of movement of the three-dimensional point 406
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enables the user to control the virtual camera more
intuitively. However, the control may be performed so that
the amount of movement of the finger (fingers) is different
from the amount of movement of the drawing position of the
three-dimensional point 406 in the virtual-viewpoint wvideo.
In addition, in the user operation with three fingers, the
average value of the amounts of movement of the respective
three fingers may be used, the median may be used, a
representative value may be used, or another value may be
used as the amount of movement of the fingers. Furthermore,
in the present embodiment, when the sliding operation with
three fingers is performed, the position of the virtual
camera is changed while the attitude of the virtual camera
is not changed. In other words, when the number of the
coordinates on the display screen, which are concurrently
specified with the user operation, is the third number
(three), the viewpoint control unit 204 changes the position
of the virtual camera in accordance with the variation of
the coordinates and does not change the orientation of the
virtual viewpoint.
[0021]

Fig. 5 illustrates how the position and the orientation
of the virtual camera are varied in response to the sliding
operation with two fingers. 1In response to the sliding

operation in the lower left direction with two fingers to an
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image 501 before the user operation, the position and the
attitude of the virtual camera are changed to display an
image 502. Here, the position and the attitude of the
virtual camera are varied from a virtual viewpoint 505 to a
virtual viewpoint 506 around a three-dimensional point 504
determined based on the positions of the fingers of the
user, as illustrated in a panoramic image 503. The movement
range of the virtual camera is limited to a sphere 507. As
described above, the position in the height direction of the
virtual camera is not changed and the position in the
horizontal direction thereof is changed when the sliding
operation with one finger is performed while both of the
positions in the height direction and the horizontal
direction of the virtual camera are changed when the sliding
operation with two fingers is performed. In other words,
when the number of the coordinates on the display screen,
which are concurrently specified with the user operation, is
a second number (two), the viewpoint control unit 204
changes the position of the virtual camera in a first
direction and a second direction in accordance with the
movement of the coordinate. As described above, the control
apparatus 100 of the present embodiment performs the more
complicated controlling process of the virtual camera when
the sliding operation with two fingers is performed,

compared with the case in which the sliding operation with
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one finger is performed. The sliding operation with two
fingers enables the virtual-viewpoint video in which an
arbitrary object is viewed from an arbitrary direction to be
generated.

[0022]

Fig. 6 illustrates how the position of the virtual
camera is varied in response to the pinch-out operation with
two fingers. In response to the pinch-out operation to an
image 601 before the user operation, the position of the
virtual camera is changed to display an image 602. Here,
the position of the virtual camera is moved from a virtual
viewpoint 604 to a virtual viewpoint 605, as illustrated in
a panoramic image 603. When the pinch-in operation with two
fingers is performed, the position of the virtual camera is
moved from the virtual viewpoint 605 to the virtual
viewpoint 604. In other words, when the number of the
coordinates on the display screen, which are concurrently
specified with the user operation, is the second number
(two), the viewpoint control unit 204 moves the virtual
camera in a direction corresponding to the viewpoint
direction of the virtual camera in accordance with the
variation of the coordinate.

[0023]
The position of the virtual camera is moved in the

front-back direction, as illustrated by a dotted line 606,
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in response to the pinch-in operation and the pinch-out
operation. Since a subject (for example, an object such as
a player) is displayed in a larger manner by an amount
corresponding to the increase of the spacing between the
fingers and the subject is displayed in a smaller manner by
an amount corresponding to the decrease of the spacing
between the fingers, an intuitive operation is capable of
being performed. As described above, enabling the movement
in the front-back direction and the rotation of the virtual
camera in response to the user operation with two fingers
realizes the control of the virtual camera with a high
degree of freedom. Instead of changing the position of the
virtual camera in response to the pinch-in operation and the
pinch-out operation, a parameter concerning a zoom value of
the virtual camera may be changed.

[0024]

Although the example is mainly described in the present
embodiment in which the first number is "one", the second
number is "two", and the third number is "three", the
present embodiment is not limited to this. For example, the
first number may be "three", the second number may be "two,
and the third number may be "one." Alternatively, the first
number may be "one", the second number may be "two", and the
third number may be "four."

[0025]
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A process flow performed by the control apparatus 100
of the present embodiment will now be described with
reference to Fig. 2 and Fig. 7. Fig. 2 is a block diagram
illustrating the functional configuration of the control
apparatus 100 in the present embodiment. The CPU 101 reads
out the programs stored in the ROM 103 and/or the HDD 104
and executes the programs using the RAM 102 as a working
area to serve as the respective functional blocks in the
control apparatus 100 illustrated in Fig. 2. An operation
unit 201 and a display unit 206 in Fig. 2 correspond to the
input device 107 and the output device 109 in Fig. 1,
respectively. The CPU 101 does not necessarily serve as all
the functional blocks in the control apparatus 100 and
dedicated processing circuits corresponding toc the
respective functional blocks may be provided.

[0026]

Fig. 7 is a flowchart illustrating the process flow
performed in the control apparatus 100 of the present
embodiment. The respective steps described using Fig. 7 are
realized by the CPU 101 in the control apparatus 100, which
reads out the programs stored in the ROM 103 and/or the HDD
104 and executes the programs using the RAM 102 as the
working area.

[0027]

In 3701, an acquired data control unit 202 waits for

- 16 -
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detection of the tap operation with the operation unit 201.
The tap operation is an operation to touch the display
screen with a finger for a short time. An arbitrary value
may be set as a threshold value of a contact time used in
the determination of the tap operation. If the current
playback state of the virtual-viewpoint video in the display
unit 206 is a pause state when the tap operation is
detected, the acquired data control unit 202 performs change
to a playback state. In contrast, if the control apparatus
100 is in the playback state of the virtual-viewpoint video
when the tap operation is detected, the acquired data
control unit 202 performs change to the pause state of the
virtual-viewpoint video. Since the acquired data control
unit 202 changes the playback state of the virtual-viewpoint
video in response to the tap operation on the display screen
in the above manner, the user is capable of switching the
playback state with the intuitive operation. However, S701
is not an essential step.

[0028]

In 5702, the viewpoint control unit 204 supplies camera
parameters concerning the position and the attitude of the
virtual camera to a drawing unit 205 based on the result of
detection of the user operation with the operation unit 201.
S702 will be described in detail below with reference to

Fig. 8.



CA 03072999 2020-02-13

10186844wW001

[0029)]

In S703, a data acquiring unit 203 acquires data
(polvgon data or texture data) necessary for rendering from
the HDD 105 or the external server 111 and supplies the data
to the drawing unit 205. The data acquiring unit 203
acquires the data necessary for rendering of the next image
frame in a state in which the virtual-viewpoint video is
being played back as a moving image. In contrast, the data
acquiring unit 203 acquires the data necessary for rendering
of the image frame that is currently being played back if
the playback of the virtual-viewpoint video is in the pause
state. In the pause state, the data may not be acquired.
[0030]

In S704, the drawing unit 205 generates the virtual-
viewpoint video based on the data acquired from the data
acquiring unit 203 and the camera parameters acquired from
the viewpoint control unit 204 and supplies the generated
virtual-viewpoint video to the display unit 206. The
display unit 206 displays the virtual-viewpoint video
acquired from the drawing unit 205. Since an existing
technology is capable of being used for the rendering, the
rendering is not described in detail here. The camera
parameters are capable of being classified into an external
parameter and an internal parameter of the virtual camera.

The external parameter of the virtual camera is a parameter
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representing the position and the attitude of the virtual
camera. The internal parameter of the virtual camera is a
parameter representing optical characteristics of the
virtual camera. The external parameter and the internal
pafameter will now be described more specifically. The
external parameter of the virtual camera is capable of being
represented in the following manner where the vector
representing the position of the virtual camera is denoted
by t and the matrix representing the rotation is denoted by
R.

[0031]

[Formula 1]

R ¢
0 1

[0032]

Here, the coordinate system is described as a left-
handed coordinate system. At the virtual viewpoint, the
right direction is a +x direction, the upper direction is a
+y direction, and the forward direction is a +z direction.
[0033]

An internal parameter K of the virtual camera is
capable of being represented in the following manner where
the position of a principal point of the virtual-viewpoint

video is denoted by (cx, ¢y) and the focal length of the
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virtual camera is denoted by f.
[0034]

[Formula 2]

f 0 «
K=10 f ¢
0O 0 I

[0035]

The camera parameters may be represented by another
method other than the matrix. For example, the position of
the virtual camera may be represented in a three-dimensional
coordinate and the attitude of the virtual camera may be
represented by a list of values yaw, roll, and pitch. In
addition, the external parameter and the internal parameter
are not limited to the above ones. For example, information
representing the zoom value of the virtual camera may be
acquired as the internal parameter of the virtual camera.

As described above, the parameters of the virtual camera,
which are used to generate the virtual-viewpoint video, have
various variations. The process flow is performed in the
control apparatus 100 of the present embodiment in the above
manner.

[0036]

<Control of virtual camera in accordance with user

operation>

_20_
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$702 in Fig. 7 will now be described in detail with
reference to Fig. 8. In S702, the viewpoint control unit
204 acquires the result of detection of the user operation
with the operation unit 201 and supplies the camera
parameter of the virtual camera, which is used for drawing
of the virtual-viewpoint video, to the drawing unit 205.
[0037]

In S801, the viewpoint control unit 204 acquires the
result of detection of the user operation with the operation
unit 201. The result of detection of the user operation
shall include a number n of points touched on the display
screen, a two-dimensional screen coordinate x; (i=1 to n) of
the touched point, and a two-dimensional screen coordinate
x' of a representative point of the touched point. In
addition, the result of detection of the user operation
shall include a two-dimensional vector d = (dx, dy)
representing the amount of movement from the representative
point in the previous image frame and a three-dimensional
vectgr T representing the position of a three-dimensional
point identified based on the representative point.

However, all the pieces of information described above may
not necessarily be acquired as the result of detection. For
example, since the two-dimensional screen coordinate x; is
equal to the two-dimensional screen coordinate x' of the

representative point when an operation with one finger is

- 21 -
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performed, either of them may be omitted.
[0038]

It is assumed that, in the two-dimensional screen
coordinate system, the upper left corner is set to the
origin, the right direction is a +x direction, and the lower
direction is a +y direction. It is assumed that the
representative point is a coordinate positioned at the
centroid of the two-dimensional screen coordinates x; of
multiple points that are touched. However, the
representative point is not limited to the centroid and may
be a coordinate positioned at the average of the two-
dimensional screen coordinates x;. Alternatively, one of the
multiple two-dimensional screen coordinates x; may be
selected at random as the representative point or a point
that is touched for a longest time may be selected as the
representative point.

[0039]

It is assumed that the three-dimensional point is a
point at which a light ray collides with the subject. The
light ray is virtually emitted from a start point, which is
the three-dimensional coordinate corresponding to the
position of the virtual camera, to the image capturing
direction of the virtual camera (raycast). The three-
dimensional point is used as a base point of rotation or a

reference point of movement in the operation of the virtual
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camera. In addition, the three-dimensional point is
determined only when the number of touches is varied from
that of the previous image frame and the three-dimensional
vector T, which has been determined in the processing of the
previous image frame, is used as the three-dimensional point
when the number of touches is not varied from that of the
previous image frame. Although the example is described in
the present embodiment in which the three-dimensional point
is represented by the three-dimensional vector T, the three-
dimensional point may not necessarily be represented in the
vector format.

[0040]

In S802, the viewpoint control unit 204 determines
whether the viewpoint is to be reset in response to the user
operation with the operation unit 201. In the present
embodiment, it is determined that the viewpoint is to be
reset if a certain area (for example, an area in which a
viewpoint reset button is displayed) on the display screen
is tapped.

[0041]

In 5803, the viewpoint control unit 204 resets the
position, the attitude, and so on of the virtual camera.
Specifically, the viewpoint control unit 204 changes the
position and the orientation of the virtual viewpoint to a

predetermined position and a predetermined orientation in
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response to detection of the user operation at a certain
position on the display screen. Then, the viewpoint control
unit 204 supplies the camera parameter of the virtual camera
in the resetting to the drawing unit 205. It is assumed in
the present embodiment that the position of the virtual
camera in the resetting is [0 0 0] and the attitude of the
virtual camera is a unit matrix. However, the viewpoint
information in the resetting is not limited to the above
ones. For example, a value set by the user in advance may
be used or recommended viewpoint information embedded in
image data may be read out for use.

[0042]

In S804, the viewpoint control unit 204 determines the
method of controiling the virtual camera based on the number
n of points that are touched. Differentiating the method of
controlling the virtual camera in accordance with the number
of fingers that are touched enables a more variety of
control to be realized. If the number of points that are
touched is zero, the process goes to S805 and the viewpoint
control unit 204 supplies the current position and attitude
of the virtual camera to the drawing unit 205.

[0043]

If the number of points that are touched is one (that

is, the operation with one finger is detected), the process

goes to S806 and the viewpoint control unit 204 rotates the
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virtual camera around the above three-dimensional point,
which is used as the center of rotation. The three-
dimensional point is a point at which a light ray collides
with the subject. The light ray is virtually emitted from
the start point, which is the three-dimensional coordinate
(for example, the coordinate of the center of the virtual
camera) corresponding to the position of the virtual camera,
to the image capturing direction of the virtual camera
(raycast). In other words, the three-dimensional point is
the coordinate on the three-dimensional space, which
corresponds to the center position of the virtual-viewpoint
video that is displayed in response to touching. However,
the three-dimensional point is not limited to this example.
S806 to 35808 will be described in detail below.

[0044]

If the number of points that are touched is two (that
is, the operation with two fingers is detected), the process
goes to S809 and the viewpoint control unit 204 performs
control to change both of the positions in the height
direction and the horizontal direction of the virtual camera
in response to the sliding operation by the user. In $811,
the viewpoint control unit 204 performs control to move the
position of the virtual camera in the front-back direction
in response to the pinch-in operation and/or the pinch-out

operation. 8809 to S812 will be described in detail below.
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[0045]

If the number of points that are touched is three (that
is, the operation with three fingers is detected), the
process goes to S813 and the viewpoint control unit 204
performs control to translate the virtual camera in response
to the sliding operation. 5813 and S814 will be described
in detail below.

[0046]

In S806, the viewpoint control unit 204 determines the
coordinate of the three-dimensional point used as the center
of rotation when the virtual camera is rotated. The
viewpoint control unit 204 virtually emits the light ray in
the three-dimensional space, for example, using the center
of the virtual camera as the viewpcint in response to the
detection of the touch of one finger and uses the point at
which the light ray collides with the subject as the three-
dimensional point. The three-dimensional point is
represented as three-dimensional vector A and is used as the
center of rotation. After the three-dimensional point is
determined, it is not necessary to determine the three-
dimensional point again while the touch state is continued.
[0047]

In S807, the viewpoint control unit 204 acquires an
amount-of-movement d of the representative point to

determine the amount of movement of the virtual camera. In
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the case of the user operation with one finger, the movement
direction of the virtual camera is only the rotation
direction around the three-dimensional point. In addition,
in the case of the user operation with one finger, the
virtual camera does not move in the vertical direction and
moves only in the horizontal direction. This enables the
virtual camera to be less prone to be affected by hand shake
in the sliding operation to make the movement of the wvirtual
camera smooth. The viewpoint control unit 204 of the
present embodiment multiplies an amount-of-movement dx of
the representative point by a scale coefficient s to
determine the amount of movement (an amount of rotation 6 in
the horizontal direction) of the virtual camera. The scale
s for determining the amount of rotation 6 [degree] from the
amount-of-movement dx is represented by the following
equation where the resolution of the display screen is w
pixels in width and the amount of rotation when the sliding
operation from one end of the display screen to another end
thereof is performed is 360 degrees.

[0048]

[Formula 3]
w

360

S:

[0049]

The amount of rotation of the virtual camera is

_27_
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represented by the following equation using the scale
coefficient:

[0050]

[Formula 4]

0 = sxdx
[0051]

Although the example is mainly described in the present
embodiment in which the movement direction of the virtual
camera based on the user operation with one finger is only
the horizontal direction, the movement direction of the
virtual camera may be only the vertical direction. Whether
the movement direction of the virtual camera is only the
horizontal direction or only the vertical direction may be
determined in accordance with the content of the user
operation. Specifically, the movement direction may be
determined in accordance with the direction of the sliding
operation of a certain number-th image frame after the touch
is detected. For example, the amount of movement in the x
direction of the sliding operation at the certain number-th
image frame may be compared with the amount of movement in
the y direction thereof, and the virtual camera may be moved
only in the horizontal direction if the amount of movement
in the x direction is greater than the amount of movement in
the y direction and the virtual camera may be moved only in

the vertical direction if the amount of movement in the y
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direction is greater than the amount of movement in the x
direction. In addition, the method of determining the scale
coefficient s is not limited to the above one. For example,
the user may specify an arbitrary value or the user may be
caused to select an arbitrary one from multiple choices.
[0052]

In S808, the viewpoint control unit 204 determines the
position and the attitude of the virtual camera in
accordance with the sliding operation by the user and
supplies the result of the determination to the drawing unit
205. A position R, and an attitude tn of the virtual camera
when a position Rp-1 and an attitude tn-1 of the virtual
camera is rotated around a coordinate A in the horizontal
direction by 0 are represented by the following equations:
[0053]

[Formula 5]

R, R{(O, O)Rn_:

I

tn R(O, 0) (th-1-A)+A
[0054]

However, R(O, ¢) is a rotation matrix in which the
virtual camera is rotated in the horizontal direction by 0
and is rotated in the vertical direction by ¢. The
equations to calculate the current position and attitude of

the rotated virtual camera are not limited to the above

ones.
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[0055]

In S809, the viewpoint control unit 204 acquires the
amount-of-movement d of the representative point to
determine the amount of movement of the virtual camera. In
the case of the user operation with two fingers, the virtual
camera is capable of being rotated in both the horizontal
direction and the vertical direction around the three-
dimensional point, unlike $807, in order to realize the
control with a high degree of freedom. The amount of
rotation O in the horizontal direction and the scale s are
calculated in the same manner as in S807. The amount of
rotation ¢ in the vertical direction is represented by the
following equation:

¢ = s x dy
[0056]

In S810, the viewpoint control unit 204 determines the
position and the attitude of the virtual camera in
accordance with the sliding operation by the user and
supplies the result of determination to the drawing unit
205. The position R, and an attitude t'n of the virtual
camera when the position Rs-1 and the attitude tn-1 0of the
virtual camera is rotated around a three-dimensional point T
in the horizontal direction by 0 and in the vertical
direction by ¢ are represented by the following equations:

[0057]
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[Formula 6]

Rn = R(O, @)Rn-:

t's = R(O, @) (tna-T)+T
[0058]

However, the equations to calculate the position and
the attitude of the virtual camera when the virtual camera
is rotated around the three-dimensional point T are not
limited to the above ones. For example, use of a certain
coefficient or the like enables the amount of movement of
the virtual camera to be increased with respect to the
amount of movement of the fingers or to be decreased with
respect to the amount of movement of the fingers.

[0059]

In S811, the viewpoint control unit 204 determines the
amount of movement in the front-back direction of the
virtual camera in accordance with the pinch-in operation and
the pinch-out operation by the user. An amount of variation
Ad is Ad = dn - ds-1 where the distance between the two
fingers when the current image frame is displayed is denoted
by dn and the distance between the two fingers when the last
image frame is displayed is denoted by ds-1. The virtual
camera is moved in the front-back direction in proportion to
the amount of variation. An amount of movement Az of the
virtual camera is capable of being represented by Az = mxAd

where the degree of sensitivity of the movement is denoted
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by m. In other words, the amount of movement of the virtual
camera is determined in accordance with the amount of
movement of the fingers per unit time in response to the
pinch-in operation and the pinch-out operation. The method
of determining the amount of movement is not limited to the
above one. For example, the amount ¢of movement in the
three-dimensional space may be determined so as to be
matched with the amount of movement of the fingers on the
display screen based on the distance from the virtual camera
to the three-dimensional point T.

(0060]

In S812, the viewpoint control unit 204 determines the
position of the virtual camera in accordance with the pinch-
in operation and the pinch-out operation by the user and
supplies the result of determination to the drawing unit
205. The position of the virtual camera that is moved in
the front-back direction by Az is represented by the
following equation:

[0061]

[Formula 7]

0
t, =t~ n+Rn 0

Az
[0062]

In S813, the viewpoint control unit 204 determines the
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amounts of movement in the up-down direction and the left-
right direction of the virtual camera in accordance with the
sliding operation by the user. In the present embodiment,
the amount of movement is determined so that the three-
dimensional point moves on the display screen by a distance
equal to the amount of movement of the fingers on the
display screen. Specifically, when the display position of
a certain object (for example, a soccer player) is touched
with three fingers and the three fingers are slid on the
display screen, the position of the virtual camera is varied
SO0 as not to vary the positional relationship between the
display position of the object and the three fingers. The
amounts of movement Ax, Ay are represented by the following
equations where the distance from the virtual camera to the
three-dimensional point that is touched is denoted by r.
[0063]

[Formula 8]
r

J(x’ x—cx)g-f(x’ y—cx)2+f2

u:

Ax =u X d,
Ay=uxd,
[0064]

In 8814, the viewpoint control unit 204 determines the

position and the attitude of the virtual camera in
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accordance with the sliding operation by the user and
supplies the result of determination to the drawing unit
205. The position and the attitude of the virtual camera
when the virtual camera moves in the left-right direction by
Ax and in the up-down directlion by Ay are represented by the
following equations:

[0065]

[Formula 9]

R, =R,
Ax
ta =t _ ,+R, |8
0

[0066]

The correspondence relationship between the number of
fingers and the content of processing is not limited to the
examples described above. For example, the method of
controlling the position and the attitude of the virtual
camera 1n response to the sliding operation with one finger
may be replaced with that in response to the sliding
operation with three fingers. Specifically, the translation
of the virtual camera in the up-down direction and the left-
right direction may be performed based on the sliding
operation with one finger and the rotation and movement of

the virtual camera around the three-dimensional point may be
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b}

performed based on the sliding operation with three fingers.
In addition, the relationship between the number of fingers
and the control method may be arbitrarily set by the user.
This enables the operational functions more matched with the
skill of the user, the display environment of the virtual-
viewpoint video, and so on to be provided. Although the
example is mainly described in the present embodiment in
which all of the step (S805) when the number of touchéd
points is zero, the steps (S806 to 3808) when the number of
touched points is one, the steps (S809 to S812) when the
number of touched points is two, and the steps (S813 and
S814) when the number of touched points is three are
performed, the present embodiment is not limited to this
example. For example, only the steps (S809 to S812) when
the number of touched points 1is two and the steps (5813 and
$814) when the number of touched points is three may be
performed or only the steps (S806 to S808) when the number
of touched points is one may be performed. The steps that
is enabled may be switched in accordance with settings that
are made by the user in advance.
[0067]

As described above, the control apparatus 100 of the
present embodiment controls at least one of the position and
the orientation of the virtual viewpoint in accordance with

the user operation on the display surface (the display
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screen) for displaying the virtual-viewpoint video. With
such a configuration, the user is capable of performing the
control concerning the virtual viewpoint more easily than
before. 1In addition, the control apparatus 100 of the
present embodiment switches the method of controlling the
virtual viewpoint in accordance with the user operation
depending on the number of fingers detected on the display
surface (the number of the coordinates concurrently
specified by the user). Adopting such a configuration
enables the user to perform the control of the virtual
viewpoint according to the user's intention with more
intuitive operations. In other words, the control apparatus
100 of the present embodiment has the advantage of
generating the virtual-viewpoint video more according to the
user's intention.
[0068]
<Other embodiments>

The present invention is capable of being realized by
processing in which the programs realizing one or more
functions of the above embodiments are supplied to a system
or an apparatus via a network or a storage medium and one or
more processors in the computer in the system or the
apparatus read out the programs and execute the programs.
The present invention is capable of being realized by a

circuit (for example, an application specific integrated



circuit (ASIC)) realizing one or more functions.
[0069]

The present invention is not limited to the above
embodiments and various changes and modifications are
available without departing from the sprit and scope of the
present invention. Accordingly, the following claims are
appended to announce the range of the present invention.
[0070]

This application claims the benefit of Japanese Patent

Application No. 2017-179581 filed September 19, 2017.
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CLAIMS

1. A control apparatus comprising:

detecting means for detecting a touch operation on a
display surface for displaying a virtual-viewpoint image
which corresponds to a view direction from a virtual
viewpoint and a position of the virtual viewpoint and is
generated based on image data obtained by a plurality of
image capturing apparatuses that captures images of an image
capturing target area from different directions;

determining means for determining an amount of change
of at least one of the view direction from the virtual
viewpoint and the position of the virtual viewpoint
corresponding to the virtual-viewpoint image based on an
amount of variation of coordinates specified with the touch
operation detected by the detecting means and the number of
the coordinates, wherein

in a first case where the first number of coordinates
are concurrently specified with the touch operation on the
display surface, the view direction from the virtual
viewpoint and the position of the virtual viewpoint are
changed from a predetermined view direction from a virtual
viewpoint and a predetermined position of a virtual
viewpoint in accordance with the touch operation for sliding

in a predetermined direction based on the variation of the

Date Regue/Date Received 2021-01-25



coordinates, and

in a second case where the second number of coordinates
are concurrently specified with the touch operation on the
display surface, the position of the virtual viewpoint is
changed from the same predetermined position of the virtual
viewpoint without the view direction from the virtual
viewpoint being changed from the same view direction from
the virtual viewpoint in accordance with the touch operation
for sliding in the same predetermined direction based on the
variation of the coordinates; and

control means for controlling at least one of the view
direction and the position of the virtual viewpoint in
accordance with the amount of change determined by the

determining means.

2. The control apparatus according to Claim 1,

wherein, in the first case where the first number of
coordinates are concurrently specified with the touch
operation on the display surface, the position of the
virtual viewpoint rotates around a predetermined position to
which the virtual viewpoint is directed in accordance with

the variation of the coordinates.

3. The control apparatus according to Claim 1,

wherein the predetermined position to which the virtual
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viewpoint is directed is a position that is determined based
on a center of the virtual-viewpoint image, which is
displayed on the display surface when coordinates on the

display surface are specified with the touch operation.

4, The control apparatus according to Claim 1,

wherein, in the first case where the first number of
coordinates are concurrently specified with the touch
operation on the display surface, the view direction and the
position of the virtual viewpoint are changed while the
virtual viewpoint focuses on the target position in

accordance with the variation of the coordinates.

5. The control apparatus according to Claim 1,
wherein the first number is less than the second

number.

6. The control apparatus according to Claim 1,
wherein the first number is greater than the second

number.

7. The control apparatus according to Claim 1,
wherein, in the second case where the second number of
the coordinates are concurrently specified with the touch

operation on the display surface, the position of the
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virtual viewpoint is linearly moved in a three-dimensional
space in accordance with the touch operation for sliding in
the predetermined direction based on the variation of the

coordinates.

8. The control apparatus according to Claim 1,

wherein, in the second case where the second number of
the coordinates are concurrently specified with the touch
operation on the display surface, the position of the
virtual viewpoint is linearly moved in a direction
corresponding to the sliding in the predetermined direction

based on the variation of the coordinates.

9. The control apparatus according to Claim 1,

wherein, in a third case where a third number of the
coordinates are concurrently specified with the touch
operation on the display surface, the position of the
virtual viewpoint is changed in a direction corresponding to
the view direction from the virtual viewpoint arranged
before the third number of the coordinates are specified in

accordance with the variation of the coordinates.

10. The control apparatus according to Claim 1,

wherein, when a certain touch operation on the display

surface is detected by the detecting means while playback of
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the virtual-viewpoint image on the display surface is in a
pause state, the control means changes the pause state to a

playback state.

11. The control apparatus according to Claim 1,

wherein the control means changes the view direction
from the virtual viewpoint and the position of the virtual
viewpoint to a predetermined direction and a predetermined
position in response to detection of a touch operation at a

specific position on the display surface.

12. The control apparatus according to Claim 1,
wherein one or more objects exist in the image

capturing target area.

13. The control apparatus according to Claim 12,

wherein at least one of the objects is an athlete.

14. A control apparatus comprising:

detecting means for detecting a touch operation on a
display surface for displaying a virtual viewpoint image
which corresponds to a view direction from a virtual
viewpoint and a position of the virtual viewpoint and is
generated based on image data obtained by a plurality of

image capturing apparatuses that captures images of an image
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capturing target area from different directions;

determining means for determining an amount of change of
at least one of a view direction and a position of a virtual
viewpoint corresponding to the virtual viewpoint image based
on an amount of change of a position of one or more fingers
in the touch operation detected by the detecting means,
wherein

in a first case where the touch operation with one finger
is being performed, the view direction from the wvirtual
viewpoint and the position of the virtual viewpoint are
changed from a predetermined position of a virtual viewpoint
and a predetermined direction of view from a virtual viewpoint
in accordance with the touch operation for sliding in a
predetermined direction based on change of a position of a
finger in the touch operation, and

in a second case where the touch operation with two
fingers 1is being performed, the position of the virtual
viewpoint is changed from the same predetermined position of
the virtual viewpoint without the view direction from the
viewpoint being changed from the same predetermined view
direction form the virtual viewpoint in accordance with the
touch operation for sliding in the same predetermined
direction based on change of positions of two fingers in the
touch operation; and

control means for controlling at least one of the view

direction from the virtual viewpoint and the position of the

- 43 -
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virtual viewpoint in accordance with the amount of change

determined by the determining means.

15. A control method comprising:

detecting a touch operation on a display surface for
displaying a virtual-viewpoint image which corresponds to a
view direction from a virtual viewpoint and a position of
the virtual viewpoint and is generated based on image data
obtained by a plurality of image capturing apparatuses that
captures images of an image capturing target area from
different directions;

determining an amount of change of at least one of the
view direction from the virtual viewpoint and the position
of the virtual viewpoint corresponding to the virtual-
viewpoint image based on an amount of variation of
coordinates specified with the touch operation detected by
the detecting means and the number of coordinates, wherein

in a first case where the first number of coordinates
are concurrently specified with the touch operation on the
display surface, the view direction from the virtual
viewpoint and the position of the virtual viewpoint are
changed from a predetermined view direction from a virtual
viewpoint and a predetermined position of a virtual
viewpoint in accordance with the touch operation for sliding

in a predetermined direction based on the variation of the
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coordinates, and

in a second case where in the second number of
coordinates are concurrently specified with the touch
operation on the display surface, the position of the
virtual viewpoint is changed from the same predetermined
position of the virtual viewpoint without the view direction
from the virtual viewpoint being changed from the same view
direction from the virtual viewpoint in accordance with the
touch operation for sliding in the same predetermined
direction based on the variation of the coordinates; and

controlling at least one of the view direction and the
position of the virtual viewpoint in accordance with the

determined amount of change.

16. The control method according to Claim 15,

wherein, in the first case where the first number of
coordinates are concurrently specified with the touch
operation on the display surface, the position of the
virtual viewpoint rotates around a predetermined position to
which the virtual viewpoint is directed in accordance with

the variation of the coordinates.

17. The control method according to Claim 15,

wherein, in the first case where the first number of

coordinates are concurrently specified with the touch
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operation on the display surface, the view direction and the
position of the virtual viewpoint are changed while the
virtual viewpoint focuses on the target position in

accordance with the variation of the coordinates.

18. A control method comprising:

detecting a touch operation on a display surface for
displaying a virtual-viewpoint image which corresponds to a
view direction from a virtual viewpoint and a position of
the virtual viewpoint and is generated based on image data
obtained by a plurality of image capturing apparatuses that
captures images of an image capturing target area from
different directions;

determining an amount of change of at least one of a
view direction and a position of a virtual viewpoint
corresponding to the virtual-viewpoint image based on an
amount of change of a position of one or more fingers in the
touch operation detected by the detecting means, wherein

in a first case where the touch operation with one
finger is being performed, the view direction from the
virtual viewpoint and the position of the virtual viewpoint
are changed from a predetermined position of a virtual
viewpoint and a predetermined direction of view from a
virtual viewpoint in accordance with the touch operation for

sliding in a predetermined direction based on change of a
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position of a finger in the touch operation in a first case
where the touch operation, and

in a second case where the touch operation with two
fingers is being performed, the position of the virtual
viewpoint is changed from the same predetermined position of
the virtual viewpoint without the view direction from the
viewpoint being changed from the same predetermined view
direction from the virtual viewpoint in accordance with the
touch operation for sliding in the same predetermined
direction based on change of positions of two fingers in the
touch operation; and

controlling at least one of the view direction from the
virtual viewpoint and the position of the virtual viewpoint

in accordance with the determined amount of change.

19. A computer-readable storage medium storing a program
for causing a computer to execute a control method, the
control method comprising:

detecting a touch operation on a display surface for
displaying a virtual-viewpoint image which corresponds to a
view direction from a virtual viewpoint and a position of
the virtual viewpoint and is generated based on image data
obtained by a plurality of image capturing apparatuses that

capture images of an image capturing target area from
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different directions;

determining an amount of change of at least one of the
view direction from the virtual viewpoint and the position
of the virtual viewpoint corresponding to the virtual-
viewpoint image based on an amount of variation of
coordinates specified with the touch operation detected by
the detecting means and the number of coordinates, wherein

in a first case where the first number of coordinates
are concurrently specified with the touch operation on the
display surface, the view direction from the virtual
viewpoint and the position of the virtual viewpoint are
changed from a predetermined view direction from a virtual
viewpoint and a predetermined position of a virtual
viewpoing in accordance with the touch operation for sliding
in a predetermined direction based on the variation of the
coordinates, and

in a second case where the second number of coordinates
are concurrently specified with the touch operation on the
display surface, the position of the virtual viewpoint is
changed from the same predetermined position of the virtual
viewpoint without the view direction from the virtual
viewpoint being changed from the same view direction from
virtual viewpoint in accordance with the touch operation for
sliding in the same predetermined direction based on the

variation of the coordinates; and
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controlling at least one of the view direction and the
position of the virtual viewpoint in accordance with the

determined amount of change.

20. A computer-readable storage medium storing a computer
program for causing a computer to execute a control method,
the control method comprising:

detecting a touch operation on a display surface for
displaying a virtual-viewpoint image which corresponds to a
view direction from a virtual viewpoint and a position of
the virtual viewpoint and is generated based on image data
obtained by a plurality of image capturing apparatuses that
captures images of an image capturing target from different
directions;

determining an amount of change of at least one of a
view direction and a position of a virtual viewpoint
corresponding to the virtual-viewpoint image based on an
amount of change of a position of one or more fingers in the
touch operation detected by the detecting means, wherein

in a first case where the touch operation with one
finger is being performed, the view direction from the
virtual viewpoint and the position of the virtual viewpoint
are changed from a predetermined position of a virtual
viewpoint and a predetermined direction of view from a

virtual viewpoint in accordance with the touch operation for

Date Regue/Date Received 2021-01-25



sliding in a predetermined direction based on change of a
position of a finger in the touch operation, and

in a second case where the touch operation with two
fingers is being performed, the position of the virtual
viewpoint is changed from the same predetermined position of
the virtual viewpoint without the view direction from the
viewpoint being changed from the same predetermined view
direction from the virtual viewpoint in accordance with the
touch operation for sliding in the same predetermined
direction based on change of positions of two fingers in
the touch operation; and

controlling at least one of the view direction from the
virtual viewpoint and the position of the virtual viewpoint

in accordance with the determined amount of change.

21. The control apparatus according to claim 1,

wherein, in the second case, the position of the virtual
viewpoint is changeable at least in a horizontal direction and
a vertical direction in a three-dimensional space in
accordance with a direction of the wvariation of the

coordinates.

22. The control apparatus according to claim 1,
wherein the first number, which is the number of
concurrently specified coordinates in the first case, or the

second number, which is the number of concurrently specified

- 50 -
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coordinates in the second case, is one.
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DISPLAY CONTROL APPARATUS
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