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Abstract Increasing demands for accurate reconstruction of the non-cooperative target are arising recent years. The
existing methods which combine cameras and laser range finders (LRF) are inconvenient and costly. A new vision
system is proposed that the widely used laser range finder is replaced with a simple laser. The combination of a
camera and a simple calibrated laser is also highly accurately enough to reconstruct the three-dimensional position of
the laser spot, while the cost much less than LRF. Also, a method to calibrate the extrinsic parameters between a
camera and a simple laser is proposed. First, the direction and the position of the simple laser under the coordinate
system of the camera are attained, and the extrinsic parameters of the camera and laser system are gotten using the
calibration algorithm. Then how to use it to reconstruct a laser spot’s three-dimensional position is displayed. The
experimental results show that the accuracy of the proposed method is comparable to the state-of-the-art LRF-based
methods.
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Fig. 1 (a) Design of the proposed calibration method; (b) four checkboard settings captured by the camera

BAPRE RGBS 3 DA B A DR R A5 AR
PRA LGS R AN R AR & . Hovh i S AR AR &
4 S 7ML B A 1 2 B A s AP AR B R Y R 7E AT

HLAG SO 5 R AL B 28 0 T A5 7 R S 1T A 22 A
K2 X 3 M eir 2B~ ERE. B 2(b) ARG
T FHIOG-FAL R G0 = dE R R 2 A,

2 RGEER, (QFNSH LR R EE () B 00 6L R G810 = 44 1
Fig. 2 Diagram of systems. (a) Diagram of reference coordinate frames and labels;

(b) 3D model of the laser used in the field
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Fig. 3 Error distribution under noise levels in the range of [0.25,3.0] simulated on synthetic data.

(a) Angle distribution error; (b) position distribution error
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Fig. 4 Error distribution under different numbers of poses in the range of [2,20] simulated on synthetic data.

(a) Angle distribution error; (b) position distribution error
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Fig. 5 (a) Angle distribution error and (b) position distribution error under different distances
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