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A robust and linear solving method for Perspective-n-Point problem

Wang Ping!, Zhou Xuefeng?, An Aimin!, He Qianyu?, Zhang Aihua®
(1. College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China; 2. Guangdong
Institute of Intelligent Manufacturing, Guangdong 510070, China)

Abstract: Traditional direct liner transformation (DLT) method uses the projective imaging model of 3D points to solve the PnP
(Perspective-n-Point) problem, which has high efficiency characteristic. However, the DLT method has low accuracy and stability
because of lacking of additional nonlinear constraint conditions in the solving process. To improve the accuracy and stability of DLT
method, a new projective imaging model of point-to-point is derived in this paper. Based on this model and combining traditional
projective imaging model of 3D points, a robust direct linear transformation (RDLT) method is proposed to solve the PnP problem.
The simulation and real experiments show that the RDLT method, as a linear solution to the PnP problem, offers the accuracy and
stability comparable the existing non-linear optimization methods due to the use of constraint conditions of point-to-point, however its

computational efficiency is much higher than that of those methods.

Keywords: computer vison; PnP problem; pose measurement; linear solving
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Table 1 Camera calibration result

JoCEl f,=2225.36002, f =2225.17837
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(a) The distribution of average running time for all the methods
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(b) Azoomed-in version of Fig. 5 (a)
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Fig. 5 The computational efficiency of all the methods
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Table 2 The mean and median re-projection errors for all the methods

1 2 3 4 5 6 7 8 9 10
Lo HME  107.23 9095 180.05 190.43 6232 2532 36.12 1777 151.31 50.60
i 10490 88.86 156.07 157.31 59.33 2485 1589  7.18 116.41 1511
Eprp WiE  6.64 4.01 8.31 9.76 6.44 3.44 8.26 7.56 7.98 10.04
Fi  6.38 3.62 7.29 9.56 6.32 3.38 7.99 7.08 7.92 9.23
- B 6.32 3.46 4.14 7.18 5.81 4.20 4.83 5.86 3.77 6.94
H{H 638 3.10 4,16 6.95 5.75 3.94 4.38 5.38 3.25 6.20
WM 24877 25026 258.84 277.92 253.95 24193 211.33 277.41 269.71 255.37
oL {661 6.23 5.51 8.60 5.71 7.52 5.22 4.87 6.72 5.92
opnp ¥IE 1631 13412 9.74 7.06 5.94 440.92 4.35 5.57 3.57 6.49
H{H 651 9321  6.01 6.97 5.74 7.55 4.05 5.33 2.95 6.01
SRPIP ¥IfH 565 2.98 3.95 7.06 5.67 3.11 3.99 5.24 3.03 6.11
Fif  5.63 2.97 4.02 6.97 5.72 3.18 3.96 5.11 3.01 6.09
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Fig. 7 Corners and its projections of a chessboard for arbitrary rotation and translation
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