Sy VL — R — IFgE
34 ﬁﬁ?‘iﬁﬂ ;*sfgfs a@lf%injune 2017

N =RK=ILd— b ADEHIRZ AW SR T EIRZERDBIBESE
DIFEEZ DA

Wik YRR S, R R, B EEY e EEY A e e Y

Accuracy and characteristics of the method for three-dimensional space reconstruction using already-known points

in a volleyball court
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Abstract

The aims of the present investigation were: (a) to develop the method for three-dimensional space reconstruction using the simplified
calibration in which already-known points like intersections of lines on a volleyball court and points on antennae are utilized as control

points for calibration and (b) to investigate the accuracy and characteristics of the three-dimensional coordinates estimated by this method.
Consequently, this method has characteristics as follows: (1) the method obtains less or equal accurate estimation in three-dimensional
coordinates compared to a general calibration, (2) the accuracy of estimated X or Y coordinates in the position close to the outer border of
the court is relatively lower than that in the center of the court, (3) the lower position close to the outer border of the court and the higher
position in the center of the court indicate higher accurate estimated coordinates and (4) the position in an analytical area has an influence
on the accuracy of estimated coordinates. Along with an understanding of the above characteristics in this method, the method using already-
known points is useful as a substitution of a general calibration without utilizing the positions in an analytical area where three-dimensional

coordinates are over- or underestimated.
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BRI XHEEEE YPEER ZJERE XHEEE YRR ZVERR XIERE YR ZJERE
1 0.050 0.051 0.000 0.050 0.050 0.000 0.000 0.001 0.000
2 0.049 6.047 0.000 0.050 6.050 0.000 0.001 0.003 0.000
3 0.050 9.021 0.000 0.050 9.025 0.000 0.000 0.004 0.000
4 0.052  11.996 0.000 0.050  12.000 0.000 0.002 0.004 0.000
5 0.050  17.948 0.000 0.050  17.950 0.000 0.000 0.002 0.000
6 8.950 0.050 0.000 8.950 0.050 0.000 0.000 0.000 0.000
7 8.950 6.051 0.000 8.950 6.050 0.000 0.000 0.001 0.000
8 8.950 9.027 0.000 8.950 9.025 0.000 0.000 0.002 0.000
9 8.950  12.000 0.000 8.950  12.000 0.000 0.000 0.000 0.000
10 8.951 17.949 0.000 8.950 17.950 0.000 0.001 0.001 0.000
11 0.000 8.997 2.240 0.000 9.000 2.240 0.000 0.003 0.000
12 0.000 8.997 2.940 0.000 9.000 2.940 0.000 0.003 0.000
13 9.000 9.001 2.233 9.000 9.000 2.240 0.000 0.001 0.007
14 9.000 9.001 2.933 9.000 9.000 2.940 0.000 0.001 0.007
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ERAEME L 10 MEH L7z RSN KHHEHO 3K
TOHEE AR & xS B R MEME A S, X (B) 12
X ) RMSE #3k&®72. RMSE 1%, ¥l T HIFEIZ BT
LREEFHIRE D 1 D Th D), FHMEASEMA, S E o
BEREEL TV A2 RTb0THsH. RifETiE, 55
N7 RMSE 12 & - C, BEAIASE L O3S0 3 ke
SEHEREAE AR D AL T d % FZEMFEAEAE & & OFE sk
LTWa2xaiiL, KfZEOX ) 7L —32 a3 |2
Lo T 3RITIERE =M 2 FRESE L 726 0B B L O
FLHE 2T D 3 RITIHEREAE O FFHLREEE & MGIE L 72

2 BAROZTEZEDRMSEE Z DI,

BEZFOEHNRTOI, BXESLURIME

RMSE (m)
BRI R XJHERE Y LIRS i
1 0.045 0.031 0.013 0.030
2 0.012 0.005 0.007 0.008
3 0.031 0.013 0.008 0.017
4 0.041 0.037 0.014 0.031
5 0.040 0.017 0.015 0.024
6 0.048 0.011 0.009 0.023
7 0.012 0.012 0.006 0.010
8 0.034 0.015 0.004 0.018
9 0.039 0.026 0.004 0.023
10 0.040 0.016 0.010 0.022
11 0.002 0.002 0.009 0.005
12 0.002 0.002 0.010 0.005
13 0.007 0.002 0.007 0.005
14 0.004 0.002 0.003 0.003
P 0.026 0.014 0.009
RRAE 0.048 0.037 0.015
Fe/IMiE 0.002 0.002 0.003
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Sz, BT L2 RMSE O 2 i LTa b &,
BEAACL, 4, 5, 6, 9B X010 RS OFEEE K
&L Ell5 720zt LT, BRI 11 205 14 13FH & D
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7 2)V) LT, ARTH X FEEEAT0.10%, Y AT
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THUS SN2 BEAN O 2 RoTRHINEEME 2 3IZE T H
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TCIEREAE 0D G XM FPH 2K LT 2% LA 2SF 2 #i e
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WX 5

BRIEN L, h A TE AR

L5 o> rpLs

SRS I I N EZ LN S,

SRS 12 m &
2A®ﬁx7®%M@x§ﬁa
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m%b&%@ﬁx

Z LT, B AT DN OZEAF D60 E
ORI LTI 2% 15 LT Th g,
HIEN B 3WITIHEELE Wood and Marshall’® 2575k L
CHATENOBFBMGEL 222 L2HE LTS, X
BIRLAZEBY, KD 2HDH AT DNl DORE %
WX ARG 164 B
L72h5 T, ZMiﬁﬂ..“C“ i, 2800 A5 Dk
FUEA O " THESE SN B Stk & AR
7oL Tw/zZ e, WBUEEDR S Kd o 7235 H8E IS
BWTH, BITHZE Y THRE S NS L PN ORI T

K3 BEERORMSE, R—ILTEDOFEFEDRMSEDF], MEIECEDRMSEDT, RXIESLURIME

RMSE (m)
SRIEL(TE 1 mfZ{& (m) 2 mfiz{& (m) 3 m{\Z{& (m) S (m)
N—L XHEERE  YPRAR  ZJERE XPRAR  OYPEAR  ZEAE XOBER YRR 2R XPEAE YPRAER  ZEEEE
1 0.061 0.008 0.002 0.074 0.031 0.017 0.087 0.070 0.034 0.074 0.036 0.018
2 0.020 0.075 0.009 0.024 0.057 0.016 0.033 0.013 0032 0.026 0.048 0.019
3 0.005 0.064 0.008 0.007 0.029 0.013 0.015 0.011 0031 0.009 0.035 0.017
4 0.050 0.037 0.005 0.059 0.058 0.009 0.075 0.078 0028 0.061 0.057 0.014
5 0.030 0.005 0.004 0.045 0.018 0.007 0.059 0.032 0023 0.045 0.018 0.011
6 0.008 0.077 0.002 0.016 0.057 0.007 0.018 0.034 0017 0.014 0.056 0.009
7 0.006 0.073 0.005 0.004 0.053 0.008 0.004 0.037 0016 0.005 0.054 0.010
8 0.024 0.011 0.013 0.034 0.016 0.002 0.049 0.043 0017 0.036 0.023 0.011
9 0.002 0.014 0.017 0.015 0.014 0.003 0.029 0.020 0008 0.015 0.016 0.009
10 0.004 0.054 0.010 0.005 0.050 0.002 0.011 0.037 0005 0.007 0.047 0.006
11 0.018 0.055 0.003 0.013 0.051 0.003 0.010 0.039 0004 0.014 0.048 0.004
12 0.005 0.010 0.017 0.006 0.013 0.007 0.020 0.023 0006 0.010 0.015 0.010
13 0.025 0.023 0.019 0.011 0.012 0.010 0.004 0.007 0005 0.013 0.014 0.011
14 0.013 0.020 0.012 0.006 0.026 0.014 0.003 0.026 0004 0.008 0.024 0.010
15 0.025 0.021 0.011 0.022 0.031 0.009 0.017 0.028 0004 0.021 0.027 0.008
16 0.026 0.011 0.011 0.017 0.010 0.011 0.004 0.005 0003 0.016 0.009 0.008
17 0.030 0.030 0.014 0.021 0.014 0.012 0.008 0.005 0001 0020 0.016 0.009
18 0.017 0.022 0.018 0.008 0.010 0.018 0.003 0.007 0010 0.009 0.013 0.016
19 0.021 0.018 0.017 0.020 0.006 0.015 0.012 0.008 0006 0018 0011 0.013
20 0.036  0.017 0.010 0.029 0.005 0.007 0.015 0.013 0007 0027 0.012 0.008
21 0.011 0.014 0.003 0.004 0.009 0.005 0.015 0.029 0013 0.010 0.018 0.007
22 0.003 0.047 0.012 0.003 0.025 0.008 0.009 0.005 0001 0.005 0.026 0.007
23 0.004 0.045 0.011 0.006 0.027 0.006 0.004 0.006 0002 0.005 0.026 0.006
24 0.010 0.008 0.002 0.004 0.019 0.008 0.012 0.042 0020 0.009 0.023 0.010
25 0.061 0.036 0.022 0.084 0.062 0.030 0.104 0.095 0042 0.083 0.064 0.031
26 0.024 0.019 0.005 0.038 0.006 0.008 0.053 0.031 0019 0038 0019 0.011
27 0.027 0.018 0.006 0.030 0.004 0.004 0.041 0.030 0022 0033 0.017 0.010
28 0.051 0.031 0.015 0.062 0.056 0.030 0.081 0.084 0041 0.065 0.057 0.029
Tty 0.022 0.031 0.010 0.024 0.027 0.010 0.028 0.031 0.015
PN 0.061 0.077 0.022 0.084 0.062 0.030 0.104 0.095 0.042
BN 0.002 0.005 0.002 0.003 0.004 0.002 0.003 0.005 0.001
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