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Abstract: In the field of sports science, research has been actively conducted on athlete movement extract-
ed by a motion capture system, and it is believed that such a system can be employed for estimating
markerless athlete pose information. Hence, in this study, we propose a method for markerless three-di-
mensional (3D) pose estimation by incorporating image information captured from two viewpoint cameras.
There are primarily two types of conventional camera calibration methods for 3D position estimation,
namely strong calibration methods (which are generally laborious) and weak calibration methods. Further-
more, the estimation accuracy depends on the correspondence accuracy between the images. In this study,
we addressed the said issues associated with strong calibration and weak calibration methods by incorpo-
rating interpolation images between sparsely arranged cameras for performing calibration. The optimum
number of interpolation images was determined through a comparative experiment by employing different
numbers of interpolation images. Furthermore, we applied the proposed method and realised 3D pose esti-
mation for a badminton player. Through quantitative evaluation experiments and comparative experi-
ments, we verified that the proposed method has stable calibration accuracy, even in the vertical direction
of the world coordinate system. As a practical application for badminton games, a verification process was
conducted in several gymnasiums. Furthermore, we examined the relevance of badminton characteristics,
camera placement, the issue of gymnasium shaking, the voices of athletic instructors, and issues associated
with performance analysis by employing the markerless skeleton position estimation method.

Keywords: badminton sports video, 3D skeleton position estimation, multi-view camera, camera calibra-
tion
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Fig. 1 Shooting method by the proposed method (a scene is cap-

tured while moving between sparsely arranged fixed cameras

using a mobile camera).
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Fig. 2 Camera coordinate system, weak calibration coordinate sys-

tem, geometric relations of world coordinate system.
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Fig. 5 3D skeleton position estimation results by the proposed
method.
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sult of calculating the Euclidean distance between Y, (bot-

tom) and the true value.
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Fig. 9 Reprojection error comparison experiment (Upper: Projec- MR A M L7z 2 T B R IER ST S N D 3 KICE
tion from the calculated 3D skeleton position onto each cam- FEALTE & LR
era image. Bottom: The positions of the two viewpoints pro- Fig. 10 Left: Result of applying Convolutional Pose Machines [16]
jected on the image are applied to the proposed method to the captured image. Right: 3D skeleton position and tra-
again to calculate the 3D skeleton position.) jectory estimated from detected 2D skeleton information.

®1 FARBLUOHEREN/Z3D A7V b fERO—2 ) v FHEE (FEETEER A7V OKESO 17T 7L - ATHILENS)
Table 1 Euclidean distance between calculated and reprojected 3D skeleton positions (reprojection error is averaged over 17 frames in each part

of the skeleton).

Bl B AR BN BFE KR EN EFE R £F FRE £ZE ER ERE  £H4TH

BEZRE [mm)

232 315 3.19 268 2.69 258 28 300 279 266 241 285 231 256 2.72
(177L—LDF 1)
2 RE [mm] 1.17 0.84 058 094 086 093 076 085 0.82 081 062 079 0.67 0.74 0.81
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Fig. 11 2D skeleton position overlapped by projecting to each cam-

era from 3D skeleton position estimated by Convolutional

Pose Machines [16] and the proposed method.

72 3 RTCEAEALE D S % H A T B S 5 IHF B~
Wb Il TESE SN 2 RICEEIED LI A

Rel 2 b, BRI X o TSR BRI %
ST

WIS, FEIS HOMELHWXy ) 7L —3 3 v FiE
t%%%&@#vU7v~ya/$&®m§%m%%%%
ML72. 8 F v 7TL—varyPETid, M7IIRT,
R1, 2, 3, 10, 11, 16, 17, 18 OWE{E O E % T8 T
HBEL, 3RTT7A4— NV REDSEDOMIGEBRLI Y I A5
R A—FrFM L EEFEMERICHERT LT %
&, M12 FE GRe7oy M) IZRTXH12, #EFD
Tavy VG2 S Ty FOMEY FEITHE L (21
TL—24) M1212BIF A= (21 71V —24) I3,
vav VEIHEO—FTHSH. T v bOfLEIT— N
W L CHEEHHANBH L THwEY—rThhb DL
Y= ERFHETASZEICE 5T, a— MEHICH LTIE
EHBANOF ) 7L —3 a3 VRELZFET A2 EATE
L. 8 MKIEHETIE, a— bofEH CEm) ZFMHALT
WhHLZEADLa— MEHICX LT, EEHAMOFX YT
L—2a VHEEMREET 5.

QTG L7y O My T T ¥ —DfiE
%sﬁ#wU7vaa/%&%@ﬁb3ﬁEME%ﬁ&
T5ILETTry FoORSEHELT S, FKIZ, 28T
WELZTT Yy by TET v ¥ —DWNEPSHEETE
EEAL, 97 v VOEESEENT LS. T v POETI
674mm CTH5. 77 v POESIZMELHEREZH 12

E 700 —+— 8 points calibration
E

-\‘TJ' —+— Praposed method
e 6901 — Ground truth [674m)
S

-

» 680

&

I

« 670

<

W 650

#

674mm

12 RERSNZHEE 8 RIEFOERIFFM LB RRTEL 8 ARIEEZ 72T 7 v MEOHEERSE TE # P

By CHUS L7294 v Ml (21 7L —2)

DG 5 F

Fig. 12 Quantitative evaluation of the proposed method and the 8-point calibration method. Upper: Results of racket length estimation using

the proposed method and the 8-point calibration method. Lower: Racket position (21 frames) obtained manually from player images.
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Fig. 13 Left: The range where cameras can be placed in the official
badminton game. Right: An example of placing a camera in

a gym for badminton practice.
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