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Estimating the Rotation of a Ball Using High Speed Camera

Hirok1 KAMADA, ! YosHINORI TAKEUCH]I, 2
TETSUYA MATsumoTo,! Hiroakr Kupof!
and NOBURU OHNISHIT!

In table tennis, ball rotation is very important factor, since it effects ball
trajectory and angle of reflection at impact. We propose a system which auto-
matically estimates the ball rotation axis and rotation speed using high-speed
camera. This system is composed of two modules ball detector and estimator
of the ball rotation. The former explores the ball by applying sobel fillters and
Hough transform for many edge points which make circular edge of the ball.
Then, we use ball luminance information and center coordinates of detected
circle to determine ball position. The latter determines corresponding point
using Iterative Closest Point(ICP) algorithm and estimates rotation transform

by singular value decomposition technique. We measured the performance of
this system by using 3DCG animation.The mean error of the rotation axis is 3
degrees. The mean error of the rotation speed is 6%.
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Fig.2 Result of ball candidate detection
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Fig.3 Flow chart of the estimation of the ball rotation
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Fig.4 Image of CG animation Fig.5 0 and ¢
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Table 1 Rotation axis of the ball of CG

goooooo goooo gooooa
x y 2 | o] [ e[]
A -1.000 0.000 0.000 180.000 90.000
B 0.000 1.000 0.000 90.000 0.000
C 0.000 0.000 -1.000 90.000 90.000
D -0.707 0.707 0.000 180.000 45.000
E 0.000 0.707 0.707 90.000 45.000
F 0.707 0.000 -0.707 45.000 90.000
G 0.577 -0.577 -0.577 45.000 135.000

02 000000000

Table 2 The error between ground truth and estimated value

Doooooo EEEEEEEE 000000000 [ 000 [rps]
x y z e (]| &[]
A 0.000 | 0.000 [ 0.018 [ -1.054 0.013 -4.158
B -0.001 [ 0.000 [ 0.008 | 4.883 0.451 -3.713
C -0.039 [ -0.012 [ 0.001 | 2.255 0.667 1.743
D -0.001 [ -0.001 [ -0.012 | -1.002 0.076 -5.742
E -0.039 | 0.027 [ -1.385 | 3.270 | -2.248 -3.724
F -0.015 | 0.026 [ -0.014 [ 1.170 | -1.517 -0.933
G 0.083 | 0.188 | -0.066 | -0.713 | -22.115 -1.804
[ oo [ 0025 [ 0036 [ 0215 [ 2500 [  3.870 | 3.117 |
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Table 3 The comparison of each method

oo oooooo 0oo [°] 000 [rps]
X y Z ) 6

(a) -0.001 1.000 | -0.012 93.466 | 0.672 49.600

(b) -0.001 1.000 0.003 | 111.472 | 0.209 48.211

(c) -0.001 1.000 0.008 94.883 | 0.451 46.287
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Table 4 A part of coordinates of corresponding point in first frame obtained by method(a)
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0000 (A) 000 (R:A) 00000000 (B) | 00 (|B— R:A|)
x y z X y z x y z
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s12 | -11 | 17.047 | -9.185 | -11 | 18.715
-12 | -10 | 17.653 | -9.091 | -10 | 19.312
-12 | -8 | 18.644 | -8.936 | -8 | 20.292
-12 | -7 | 19.042 | 8873 | -7 [ 20685 | -9 | -7 20.358 0.351
12 | -2 | 20189 | -8.694 | -2 | 21.818 | -9 | -2 21.435 0.491
-12 | -1 | 20264 | -8682 | -1 | 21.891 | -9 | -1 21.505 0.501
-12 0 | 20.288 | -8.678 021916 -9 o0 21.528 0.504
-12 1] 20264 | -8.682 1] 21891 | -8 1 21.896 0.682
S11 | -11 | 17709 | -8.094 | -11 | 19.212
-11 | -8 | 19.251 | -7.853 | -8 | 20735 | -8 | -8 20.407 0.36
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Fig.6 Difference of edge points between 13th frame and 14th frame
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Fig. 7 Difference of corresponding point between method (a) and (c)
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Fig.8 Error due to many-to-one correspondence
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Fig.9 Distance between corresponding points of many-to-one in 9th frame
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Fig. 10 Distance between corresponding points of many-to-one in 13th frame
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Table 5 Result of estimation of the ball rotation in real image

oo oo 000 [rps] | OO0 [rps] | OO0 %O
goooao oooo
a A 47.107 47 0.228
B 43.114 50 13.772
b A 31.621 35 9.654
B 40.353 38 6.192
c A 54.375 54 0.694
B 51.433 oooo
d A 41.976 43 2.385
B 54.034 52 3.912
e A 52.717 56 5.863
B 51.93 54 3.8333
f A 43.908 47 6.579
B 45.562 44 3.550
g A 52.92 oooo
B 53.833 56 3.870
h A 48.06 54 11.000
B 53.902 57 5.435
i A 40.917 44 7.007
B 6.545 oooo
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