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High-Accuracy Calibration of Multi-Camera Positioning System
Based on Precision Angle Reference
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Abstract As for the large size measurement, motion tracking, 3D reconstruction and visual positioning in the field
of visual positioning measurement, there exist many problems of system calibration difficulty, method complexity,
low precision and so on for a multi-camera positioning system with no public or less public field of view. Thus an
integrated calibration method for a multi-camera positioning system is proposed based on a precision two-axis
turntable, in which the two-axis turntable provides an angle reference. When the turntable passes through the fields
of view of all cameras at once, each camera shoots sequentially the calibration images. The internal parameters of
each camera and the external parameters from each camera to the turntable are solved. The turntable coordinates are
used to calculate the external parameters of cameras. The whole calibration process is controlled by programming.
The integration and automation of figure-collection calibration for the multi-camera system are achieved, which
greatly reduces the workload of calibration. The calibration principle of this multi-camera positioning system is
analyzed and verified by experiments as well. The reprojection errors of the internal parameters of two cameras are
less than 0.17 pixel and the system positioning accuracy is less than 1 mm. The results show that the proposed
method is feasible, accurate and operable, which can be applied in the calibration process of a multi-camera
positioning system with no public or small public field of view.

Key words machine vision; visual positioning measurement; multi-camera positioning system calibration; internal
and external parameters integrated solution; precision two-axis turntable; no public field of view
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Fig. 1 Multi-camera system projection mapping model
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Fig. 2 Multi-camera system calibration model based on two-axis turntable
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Fig. 3 Schematic of multi-camera system calibration experiment. (a) Turntable calibration experiment;

(b) calibration experiment of precision control field in large space
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Table 1 Calibration results of internal parameters of cameras

Parameter Camera 1 Camera 2
f /mm 3.7665 3.8045
u, /pixel 923.5320 948.7576
v, /pixel 510.6671 519.3200
k1 —0.4059 —0.4074
k, 0.2369 0.2401
ks —0.0906 —0.0944
b1 —2.8159 10" 0
b2 —2.2624X10°* 0
Average reprojection 0.1700 0.1508

error /pixel
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Fig. 4 Reprojection error distributions of internal parameters

of cameras. (a) Camera 1; (b) camera 2
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Table 2 Calibration results of external parameters of cameras

RT (camera 2 to camera 1) Control field Turntable
a /(%) —2.0212 —1.8867
B/ 30.7388 31.1378
Y /() —1.9993 —1.8957
T./mm —87.9472 —88.2148
T,/mm —0.5636 —0.3486
T./mm —19.2366 —19.6598
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Table 3 Multi-camera system positioning accuracy

Control Error 1 / Error 2 /
Turntable
field mm mm
1 201.3303 1.3303 200.2301 0.2301
2 399.4483 —0.5517 400.6472 0.6472
3 600.5341 0.5341 599.3791 —0.6209
4 801.6092 1.6092 799.8802 —0.1198
5 1002.0324 2.0324 1000.9861 0.9861
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