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Abstract: This paper proposes an on-site visual feedback method for using multiple viewpoint videos in motor learning. There
are two requirements to be satisfied in order to use multiple viewpoint videos in motor learning. The first requirement is to execute
all processes from acquisition of multiple viewpoint videos to presentation in real-time, and to realize both real-time visual feedback
and delayed visual feedback. In this research, real-time processing is realized by controlling all cameras with one computer and
losing offline work. The second requirement is to minimize the operation of the viewer so that the viewer can concentrate on the
observation of the motion. This research automates two operations, "target point setting" and " viewpoint switching", which are
operations by viewer. We introduce the RGB-D camera that detects the position of the subject in real-time. By automatically setting
the target point on the subject based on the 3D position of the subject measured by the RGB-D video, the " target point setting"
operation is automated. Furthermore, the posture of the subject is detected using the RGB-D video and machine learning. By
detecting the moment when the viewer wants to observe and automatically switching the multiple viewpoint videos in the direction
in which the viewer wants to observe the posture, the "viewpoint switching" operation is automated. We verify that the proposed
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method works correctly by demonstration experiment.
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Figure 1: Visual feedback of multiple viewpoint videos: The
subject can practice while viewing videos from various directions

reflected on the monitor.
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5) Automatic target point setting
6) Automatic viewpoint switching

Real-time Visual Feedback

Delayed Visual Feedback l

Mulnple Viewpoint
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—f.l RGB-D
Camera

4) Generation of bullet-time video
Acquiring multiple viewpoint & RGB-D video.

Figure 2: System overview: Multiple viewpoint videos and RGB-
D video are acquired with one computer. Estimate the 3D position
of the subject from the RGB-D video and realize automatic target
point setting. We perform gesture detection of the subject using

RGB-D video and realize automatic viewpoint switching.
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Figure 3: Bullet-time video generation method: Multiple
viewpoint cameras and RGB-D camera are arranged around the
subject such that the overlap capturing area becomes as large as

possible.
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Figure 4: Synchronization of multiple viewpoint cameras:
Multiple viewpoint cameras can be synchronized by connecting
cameras to synchronized signal generator. It is also possible to
synchronize the multiple viewpoint cameras between different

generators by connecting the generators with the extension cable.
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Figure 5: Camera parameters estimation using SfM.
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Figure 6: Generation of bullet-time video: The synchronized
signal generator sends a trigger to all cameras at regular time
intervals, and the computer acquires frames from all cameras
(Cr(m =1,...,N)). The viewer selects the camera (CameralD),
and system outputs the video captured by selected camera to the

screen.
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Figure 7: Real-time visual feedback: The system presents videos

at the same time as subject performance.
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Figure 8: Delayed visual feedback: The system presents videos of

the subject immediately after the performance.

4. FRRBRTEOANIE

41 FHRRABERELRE

411 EEAD 3 RTMEBEBHTE

Ny A LRBOBEFENBERORA T 4 7
BER EIZLY, HZTAWmBEL,(m=1,.., NITEBNT
Bl RS E G5 2280, FEREO 3 RITALE HEE L
WZOWTIHBRD., EF, 32HITHE LTI AT RNTA—F
A2 RWT, EEABATSNERL, &, Big, 0+
mn=1,.., N)HOEETH F 2R3 5. LT F Iz
X0, B E 2 6 ERE g m U, vp) IS ST 5
BL, Lo R—FERDL. 2 FR—-FHET, 5z
OINTERAOERERBET S Z LTk, FERADR
I I G (U, V) ZHETE T D . 2 KD R C O RIS BRI
AT VAHEBEAT ST, BEHEAED 3 RITTEE
M(X, Y, Z) 5T 5.

4122 RUSGTEEBRITIOREH

A ChH X o # RERADS F — A T S D &
AT OLRE BRI LT 2 IR TTH 8 25 % fif 4 Lt
% Figure 9 |28, BRI, DI LM S ER AN S
BN Mlep, %, BRI, DN X T EERICBT 5872
e TS, e, L R R D Y #HA RO DD
7 NVENE LB blen, HHic7 x e 3 5.
emx & DIy 1272 y B E T 5. ey, €my, €mg
Z T, B THIRL, 2 I L W RD B . STHEALITR,,
i 2 LIk EEASE B P R THRESRD.

, €mx
Rem = [emy] @

emz

(© 2019 Information Processing Society of Japan

Vol.2019-CVIM-216 No.15
2019/3/8

Camera Coordinate

Target Point

Subject

X
Z World Coordinate

Figure 9: Conversion of a camera coordinate system.
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Figure 11: There are two keyframes (Posturel and Posture2)
during the target motion. Multiple viewpoint cameras capture the
subject from the front (Caml) and back (Came2). For Posturel,
Caml is better suited for observation than Cam2. For Posture2,

Cam?2 is better suited for observation than Caml.
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Table 1: Example of correspondence table of keyframes and the

viewpoint
keyframe viewpoint
Posturel Cam1
Posture2 Cam2
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Figure 12: An overview of camera setting. 20 multiple viewpoint

cameras are placed in a U-shape.
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Table 2: Processing time of the system

processing average standard
time (s) deviation
frame acquisition 3.14 x 1072 1.62 x 1073
3D position estimation 430 % 1073 2.03x107*
detect gesture 1.00 x 107 3.16 x 1075
compute H mat 3.30 x 1073 1.79 x 1074
video output 1.00 x 107 3.16 x 1075
total 3.16 X 1072
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Figure 13: Movement route of the subject. The subject moves

from circle 1 to circle 6.

Figure 14: Subject tracking (red dots are the target points).
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Figure 15: Postures to detect as keyframes.

Table 3: Correspondence table of keyframes and the viewpoint

keyframe viewpoint
Swing up 1
Acceleration 20
Release 11
20 (&)
19
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17
16
15
- 14
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Figure 16: Viewpoint in each frame of pitching motion.

Figure 17: Output images in (a), (b) and (c) of Figure 16.
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