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Abstract: To improve the positioning precision of the projected point for a spherical target center, the
imaging theory of spherical target and positioning method of the spherical target center were investiga-
ted. By establishing the imaging model of spherical target and combining spatial analytic geometry
theory. the perspective projection properties of spherical target were verified and an exact expression
for the position of projection point of sphere center was deduced. Finally, by combining with an actual
measurement, the precision positioning method for the projected point of spherical target center was
given. Furthermore, an error model for projected spherical central distortion was established on the
basis of the simulation experiment, and corresponding effect factors were analyzed. With the use of a
ceramic standard ball, calibration experiments of the pose parameters of a vision system were imple-
mented. It shows that the re-projected error of the spherical target center from the proposed method

has less 36 % averagely than that of the traditional method, and the stability of the pose parameters is
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increased by 40% relatively. These results verify that the proposed positioning method for the projec-

ted point of spherical target center has high precision and robustness, and it can be widely used in vis-

ual calibration or measurement based on spherical targets.

Key words: spherical target; visual measurement; positioning of spherical center projection; perspec-

tive transformation; camera calibration
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Fig. 1 Imaging model of spherical target
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Fig. 2 Tapered shaft section plane = through optical axis
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Fig. 3 Ellipse with major axis through origin
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sphere center and center of projection ellipse
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Fig. 6 Edge positioning of spherical target image
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Tab. 1 Calibration results of RT by proposed method

AL o/ rad B/rad v/ rad t,/mm t,/mm t./mm
1 1.574 126 —0.013 892 —0. 008 066 —94.124 026 —394. 649 285 445.509 945
2 1.574 094 —0.014 236 —0.008 083 —93.922 324 —394. 731 441 445,661 089
3 1.573 942 —0.013 700 —0.008 085 —94. 181 636 —394. 778 566 446,123 585
4 1.573 509 —0.014 054 —0.008 086 —94. 038 935 —394. 805 228 446. 314 284
B 1.573 186 —0.014 031 —0.008 072 —94.016 987 —395.124 168 446. 680 617
6 1.573 937 —0.014 415 —0.008 095 —93.972 214 —394.735 178 446,189 288
7 1.574 636 —0.013 972 —0.008 120 —94. 060 876 —394.412 263 446. 181 191
8 1.574 410 —0.014 229 —0.008 115 —93.989 035 —394.527 122 446. 549 220
9 1.573 907 —0.014 158 —0.008 148 —93.980 177 —394.776 939 447,174 987
10 1.573 760 —0.014 076 —0.008 131 —94. 038 639 —394. 796 885 447,196 245

RMS 1.7225X1077  3.991 2X10°% 7.294 3X10° " 0.005 8 0.035 4 0.314 7

£2 EGHERTFEER
Tab. 2 Calibration results of RT by conventional method

KEL o/ rad B/rad v/rad t,/mm t,/mm t./mm
1 1. 574 489 —0.013 780  —0.008 067  —94,129 119  —394,594 734 444,809 068
2 1.574 214 —0.014 467 —0.008 076  —93.909 753  —394.692 998 444,898 481
3 1.574 005 —0.013 680  —0.008 086  —94.191872 —394.768 731  445.426 444
1 1,573 496 —0.014 041 ~ —0,008 083  —94,051 540 —394.954 279 445,676 016
5 1573000  —0.014 025  —0.008 068  —94.019 230 —395.163 683 446,099 772
6 1.573 997 —0.014471  —0.008 095  —93.872331 —394.744 788 445,576 383
7 1.574 700 —0.013 965 —0.008 137 —94. 063 272 —394. 372 969 445,636 437
8 1.574 443 —0.014 233 —0.008 141 —93.988 167 —394. 498 226 445.951 103
9 1.573 937 —0.014 156 —0.008 159 —93.981 207 —394. 764 524 446.621 463
10 1.573 441 —0.014 068 —0.008 141 —94. 045 966 —395.030 041 447,092 273

RMS 2.8155X107"  6.6557X107% 1.236 7X10°° 0.009 0 0.058 2 0.497 7
AR 1 BHITE G LRt g e dn iy e R ER T

WHESM, ACEAMITE RT S0 EEN
(1.768X 10 7 rad,0. 317 mm) . fE B ik 6 % ®

RT %% & M (2. 893 X 1077 rad, 0. 501
mm) . X AL B A R AR AR SO
R i BT i S RORT B S8R e Y BB 5 T
BYIRATET 4050, Byt 2 % E 7 5 76 1 &

AT T BOE UARTESRARPL R GE T A B
PR 25 & 25 (A A LA BEAE R T 25 (A Bk
PRI R — AT T BT R b O B R AR
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