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Joint calibration method for stereo vision system and 3D laser system

Dong Fangxin, Cai Jun, Xie Yangmin

(School of Mechatronic Engineering and Automation, Shanghai Key Laboratory of Manufacturing
Automation and Robotics, Shanghai University, Shanghai 200072, China)

Abstract: Binocular stereo vision and 3D laser scanning techniques are the common sensor measurement methods in environment
detection and modeling for mobile robots. In order to realize the data fusion application of the two systems, it is necessary to establish the
mathematic relationship between the two local measurement coordinate systems, which is the position and pose joint calibration between
the sensors. This paper proposes a new method for the joint calibration based on the distance matching among 3D feature points. A
calibration board is designed, which is basically a black-white chess board with hollow holes. The binocular stereo vision cameras are
used to extract the 3D coordinate information of the corner points of the chess board, and a laser ranging radar is used to scan and
acquire the 3D coordinates of the centers of the hollow area. Through minimizing the squared difference of the theoretical and measured
distances of two groups of the feature points, the rotation matrix and translation vector of the two sensor coordinate systems are obtained.
The joint measurement experiment results show the accuracy and reliability of the proposed method.
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Fig.1 The model of the laser measurement system
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Fig.2 The 2D laser sensor coordinate system
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Fig.4 The geometric model of binocular stereo vision
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Fig.5 The schematic diagram of the binocular

stereo cameras and laser sensor
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Fig. 6  The distribution diagram of the corner

points and center points
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Fig.7 The installation diagram of the test equipment
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Table 1 The calibration result of the binocular

stereo cameras
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Fig.8 The calibration error of the binocular stereo cameras
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Table 2 The error of the vision measurement system

R RS BLiTN AT BE
i) H B/ mm PH S/ mm RZE/% 1R2%/ pixel
D, 118.72 120 1.07 1.68
D, 118.98 120 0.85 1.34
Dy, 118.83 120 0.97 1.53
Dy, 355.34 360 1.29 6.13
Dy 119.43 120 0.47 0.75
D¢, 120.01 120 0.01 0.13
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Table 3 The error of the laser measurement system
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Table 4 The three-dimensional coordinates of the corner

points in the camera coordinate system (mm)
F5 (X., Y., Z,)

1 (1 —32.392, -396.344,1 895.668)
2 (86.186, —400.810,1 899.352)

3 (204.970, -402.696,1 892.656)
4 (322.227, -401.302,1 873.430)
5 (-30.654, -281.008,1 916.928)
6 (88.741, -284.134,1 916.982)

7 (207.455, —-284.538,1 899.406)
8 (323.573, -283.113,1 873.330)
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Table 5 The three-dimensional coordinates of

the center points in the laser coordinate system (mm)

ETE] (X, Yy, Z)

a (187.636,1 919.529,766.067 )
b (-64.712,1 925.134,767.854)
c (=315.156,1 923.413,766.743)
d (58.315,1 942.398,642.470)

e (—187.577,1 948. 158 ,643.946)
f (192.068,1 959.378,519. 869 )
g ( —-63.460,1 952.208,517.565)

h ( =307.137,1 951.920,517.087)
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-0.077 6, 0.000 7) AL (S) 153 th B AE P -

0.997 541  0.048 383 - 0.050 705
R =10.049290 0.029 999 0.998 334
0.049 824 -0.998 378 0. 027 541
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2) A% ) dt (L7 : mm)

T =[59.9451 241.1523
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Table 6 The joint measurement error analysis (mm)

-54.8659]1"  (12)

s s R B R XE
a 97.826 84.852 12.974
1 b 188.283 189.736 1.453
d 81.977 84.852 2.875
a 191.302 189.736 1.566
2 b 85.108 84.852 0.256
d 82.486 84.852 2.366
b 86. 664 84.852 1.812
3 c 193.179 189.736 3.443
e 92.706 84.852 7.854
b 189. 667 189.736 0.066
4 c 90. 622 84.852 5.77
e 84.797 84.852 0.055
d 86.16 84.852 1.308
5 f 88.867 84.852 4.015
g 188.926 189.736 0.81
d 78.733 84.852 6.119
6 f 189.023 189.736 0.713
g 91.74 84.852 6.888
e 83.41 84.852 1.442
7 g 96.019 84.852 11.167
h 197.057 189.736 7.321
e 75.368 84.852 9.484
8 g 193.355 189.736 3.619
h 97.042 84.852 12.19
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Fig.9 The measurement error of the

joint calibration system
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Table 7 The analysis of the system measurement error

( measurement distance is 2 m) (mm)
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