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High precision calibration for internal and external parameter of

manipulator binocular vision system
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(Key Laboratory for Advanced Optical Remote Sensing Technology of Beijing, Beijing Institute of
Space Mechanics & Electricity, Beijing 100094, China)

Abstract: As an import part of the space manipulator, the binocular vision system can guide the manipulator to
localize and acquire the samples. The calibration of internal and external parameters is the primary premise and
important guarantee for binocular camera to obtain the motion information such as the position and the direction
of the cooperative target with high precision. A method for the calibration of internal and external parameters of
the binocular camera based on bundle adjustment algorithm was proposed. A three-dimensional target was used as
the calibration target, and the high-precision angle measuring equipment theodolite was used as the precision
measurement reference. And then the internal and external parameter of manipulator binocular vision system
could be calculated. The experimental results show that the camera internal parameter reprojection error is less than
0.5 pixel, and the accuracy of the external parameter test is £0.19 mm, which is able to satisfy the test needs and
the test precision. This method offers a meaningful principle of integration and adjustment of manipulator
binocular vision system.
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Fig.1 Binocular vision system
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Tab.1 Calibration requirements of internal and external parameters of binocular vision system
Parameter Specification
Observation distance/m 0.3-1.3
Major point/pixel <=+l
Internal parameter
Major distance/pixel <=+l
Position/mm <+0.5
External parameter
Attitude/(°) <+0.1
s o . A2
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Fig.3 Principle of internal reference test
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Tab.2 Calibration results of internal parameter of binocular vision system

Camera Principal point/pixel Principal distance/mm Distortion coefficient Reprojection error/pixel
ky:=0.0575
. /:0.1395
Left-view [960.93, 540.28] ;‘} j;gz? £3:0.0002 0.209
el ’ p1:—0.0002
P20
ky:—0.0547
. k7:0.1343
Right-view [957.20, 540.52] }}}i féi(})}l k3:0.0006 0.207
¥ ’ p1:—0.0004
P20
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Fig.4 Test of camera coordinate system of binocular vision system
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Fig.5 Establish the relationship of the 3D target coordinate system and

the camera assemblage coordinate system
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Tab.3 Coordination of points in the cubic assemblage

coordinate system

Coordination/mm  Point 1 Point 2 Point 3 Point 4
X 331.699  414.358 415.285 332.469
Y 202.393 —132.469 —136.654 198.190
V4 161.731 166.235  —163.688 —168.168
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Tab.4 Coordination of points in the left-view camera

coordinate system

Coordination/mm  Point 1 Point 2 Point 3 Point 4
X 331.281 413.800 415.000 332.427
Y 152.116  —182.880 —186.300  148.130
Z 241.985 246.255 —83.678  —88.186
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Tab.5 Coordination of points in the right-view camera

coordinate system

Coordination/mm Point 1 Point 2 Point 3 Point 4
X 331.286  413.805  415.101 332.423
Y 252.853  —82.055 —86.186  248.703
Z 241.731 246.258  —83.675  —88.178
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Tab.6 External parameters of the binocular vision system

Rotation angle

Translation vector

Camera
& &, AX AY AZ
Left view 0.058 359.936 359.976 —-0.341 —49.941 79.621
Right view 0.010 359.936 359.977 -0.313 50.616 79.584
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