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Abstract Aim at the problem of rapid and high precise calibration in stereovision system, a calibration method for
stereovision system based on solid circle target is proposed. The Canny-Zernike combination algorithm is used to
locate the sub-pixel coordinates of circle center, and a sorting method for circle center based on a triangle target is
given in detail. To reduce the computational complexity, the Levenberg-Marquardt (LM) algorithm is utilized to
separately optimize the left and right camera for decreasing the number of optimal variables by half. The distance
between two circle centers on diagonal direction of calibration board is regarded as the constraint, and the external
parameters of cameras are optimized with LM algorithm. The calibration software for stereovision system based on
solid circle target is complied, and the testing is performed in lab. Result shows that the proposed method has high
precise, can achieve the automatic calibration and apply to engineering.
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Fig. 1 Model of stereovision 3D measurement
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Table 1 Calibration results of stereovision measurement system

Parameter Left camera Right camera
2805.7 —1.0559 496.5949 2667.6 —1.0671 488.8255
Internal A= 0 2806.9  503.2780 A, = 0 2669.0  503.0143
parameter 0 0 1 0 0 1
ki, =[—0.0088 0.7543 0.0022 —2.0421x10 *]" k.=[—0.0748 1.5968 0.0078 —2.5442x10 *]"
0.9913  —0.0187  0.1287
Two step
R=| 0.0197 0.9998  —0.0013 T=[—129.4833 0.9284 8.9361]"
method
External —0.1289 0.0039 0.9914
parameter 0.9950 —0.0224 0.0970
Three step .
R =] 0.0225 0.9997  4.8645X10 ° T =[—132.4962 —2.5428 10.0649]"
method
—0.0970  0.0021 0.9953
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Halcon #riE i L 49 4550 B SR AR #EAT IE [l 502 A . I M) JH W 28 2R BOaE AT L IE , IR B PRk 5 =0 0E 1

0915001-6



{5

S0 [ BEBR A5 2R A b o T RS0 R AR R AR 2R A An S PR RO MR R A bR 2 22 . PR O Tk 1 1R 25 0 BT 45
Wk 2 Mk 3 pios,

Table 2 Reprojection errors of two step method

®2 WBENESEIRE

pixel

Image posture

Left camera

Right camera

Average error Maximum error

Standard deviation Average error

Maximum error

Standard deviation

e O

NeJ (0] ~ o Ol

Mean

0.1501
0.1352
0.1259
0.1431
0.1179
0.1168
0.1437
0.1057
0.1342
0.1303

0.5768
0.4369
0.5101
0.4233
0.4115
0.4074
0.4507
0.2745
0.3301
0.4246

0.1311
0.1207
0.1163
0.1244
0.1141
0.1121
0.1298
0.0785
0.1199
0.1163

0.1398
0.1610
0.1421
0.1401
0.1305
0.1017
0.0999
0.0913
0.1032
0.1233

0.5790
0.6119
0.5089
0.4793
0.3925
0.4919
0.4135
0.4702
0.3611
0.4787

0.1015
0.1205
0.1016
0.0993
0.0877
0.0731
0.0717
0.0719
0.0723
0.0889

A2 2 AT, A0 vk 1 2.0 R B0 AR A SE 2R 258 0,13 pixel, i KR 25N 0.48 pixel , bRl 22 7 0.12 pixel,
#2 3 R =2 VR ARAT 1 S0 R B BR 1 - 41R 22 380/ A 0.06 pixel 2247 B KR 228/ M 0.15 pixel , B i i 22

/N A 0.06 pixel, £ B =00l UG R 4F B4R 5E 45
B2 Eigis 23

Table 3 Reprojection errors of three step method

%3

pixel

Image posture

Left camera

Right camera

Average error Maximum error

Standard deviation Average error

Maximum error

Standard deviation

= W DN

o NN oy an

9

0.0725
0.0594
0.0437
0.0658
0.0843
0.0597
0.0625
0.0734
0.0568

Mean 0.0642

0.2031
0.1344
0.1135
0.1023
0.1978
0.1517
0.1246
10.1351

0.1439

0.1452

0.0713
0.0567
0.0413
0.0611
0.0812
0.0577
0.0598
0.0721
0.0521
0.0615

0.0721
0.0589
0.0454
0.0587
0.0769
0.0563
0.0619
0.0693
0.0477
0.0608

0.2012
0.1328
0.1156
0.1103
0.2110
0.1497
0.1191
10.1259
0.1325
0.1442

0.0698
0.0562
0.0426
0.0601
0.0805
0.0521
0.0561
0.0657
0.0460
0.0588
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# 4 Halcon F7 5E H T AR BE 38 22 43 7

Table 4 Error analysis of reconstructed length of Halcon calibration board

Error parameter

Two step method

Three step method

Absolute error of AB diagonal /mm
Relative error of AB diagonal /%

Maximum value of absolute

error /mm

Maximum value of relative error /%

Average value of absolute error /mm

Average value of relative error /%

0.1272
0.05998
0.2278
0.2282
0.1059
0.1000

5.68 <10 "

2.68X10"

0.2194
0.1765
0.0960
0.0832

14
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Fig. 5 Comparison of reconstructed results of Halcon calibration board. (a) Length; (b) absolute error; (c) relative error
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Table 5 Error analysis of reconstructed length of homemade calibration board

Error parameter Two step method Three step method
Absolute error of AB diagonal /mm 0.9769 1.137X107%
Relative error of AB diagonal /% 0.3289 3.828 X101
Maximum value of absolute error /mm 0.9769 0.3921
Maximum value of relative error /% 0.3934 0.3812
Average value of absolute error /mm 0.3855 0.1819
Average value of relative error /% 0.2215 0.1386
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Fig. 6 Comparison of reconstructed results of homemade calibration board. (a) Reconstructed length;

(b) absolute error; (c) relative error
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