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Measurement of 3D Ball Trajectory Using Motion Blur

KENTA TAKANOHASHI,"? YOSHITSUGU MANABE,*
Y OSHIHIRO YASUMURO," MASATAKA IMURAf
and KUNIHIRO CHIHARA

This paper proposes a new method of measuring a 3D trajectory of ball. Our proposed
method does not need high-speed video cameras and synchronized video cameras to measure
the 3D ball trajectory, and it enables to measure a continuous trajectory between shutter
timings. Our approach is that a 2D ball trajectory appears on each image by slowing down
shutter speed of camera, and the 3D ball trajectory can be computed using shape of silhou-
ette method from intersection of inversion projected the images. The estimated 3D trajectory
does not have time information. The time information is given according to a correspondence
between 3D trajectory and the position of ball in images when video frames are switched.
This paper describes details of our method and experimental results applied our method to
table tennis and football.
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Fig.1 Relationship between the shutter speed and

captured images.
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Fig.2 Noncontiguous silhouette of ball.
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Fig.3 Contiguous silhouette of ball.
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Fig.4 Bounding ball.
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Fig.5 Measurement result of bound point (height from

floor: 1cm, grid interval: 5cm).
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Fig.6 Cross section of trajectory and shape of silhouette.
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Fig.7 Experimental setup.
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Fig.8 Captured images.
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Fig.9 Silhouettes.
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Fig.10 Composite silhouettes of all frames.
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Fig.11 Reconstruction of 3D ball trajectory.

00 Sony Handycam OO 000 700000000
o000O0o0o0ooooooooooooooooog
go0o0opoOoOoOo0oooooooooooOoooog
o0Ooo0bo 521 000000000D00000DAO
O000O00DOO0oOoo 3ofpsDOO0OOOOOO
1/30sec00000000000O00OOODOO DVO
dooddooooouboobobobooooooooo



42 ooooooooooooooooooooboboooooooo

012 0000000000000

Fig.12 Time information.
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Fig. 13 Time information and reconstructed result.
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Fig. 14 Experimental setup.
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Fig. 15 Captured images.
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Fig.16 Silhouettes.
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Fig. 17 Composite silhouettes of all frames.
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Fig. 18 Reconstruction of 3D ball trajectory.
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Fig.19 Reconstruction of 3D ball trajectory (overhead

view).
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Fig.20 Time information.
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Fig.21 Composite silhouettes.
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Fig. 22 Reconstruction of 3D ball trajectory until the ball
bounced back.
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Fig.23 Reconstruction of 3D ball trajectory until the ball
bounced back (overhead view).
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Fig.24 Silhouette for measuring the gravity point of ball.
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Fig.25 Principle of asynchronous measurement.
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