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Vision based real-time 3D displacement measurement using
weighted iterative EPnP algorithm

Wang Jiabao, Zhang Shirong, Zhou Qingya

(School of Electrical Engineering and Automation , Wuhan University , Wuhan 430000, China)

Abstract: The key of monocular vision based 3D displacement measurement is to obtain the camera pose parameters, which can be
achieved by solving a perspective n points ( PnP) problem. In order to improve the accuracy of PnP algorithm, this paper proposes an
improved weighted Tterative EPnP algorithm ( WIEPnP). WIEPnP intends to reduce the influence from sign point depth and image noise
on the algorithm performance. It is done by setting weight coefficients for sign points and then conducting iterative calculations. MATLAB
simulation experiments were carried out for comparative study with 6 PnP algorithms. The results show that the newly proposed WIEPnP
can effectively reduce the impacts from the sign point depth and the effect of image Gaussian noise, respectively; and its accuracy and
computation time satisfy the field application requirements. Later, the prototype experiments also verify the effectiveness of WIEPnP. In
the prototype experiments, measurement errors in x and y directions are convinced to be less than 1 mm. In terms of z direction, the
WIEPnP algorithm can effectively reduce the effect of depth changes; thus, the absolute error in z direction is restricted to no more than
3 mm. It can be seen that the WIEPnP algorithm proposed in this paper has good performance in terms of real-time and error; and it can
meet the requirements for most real-time 3D displacement measurement.
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Table 2 3D displacement measurement experiment with

the prototype system mm
o Fg hitshn K RR2E
G FUSEC g1 M2 DA 3 KR

a 20.00  20.37 20. 51 20.23 0.37
x J5 1A b 30.00  30.02 30.02 30.09 0.04
c 50.00  49.78 49.90 49. 86 0.15

d 2000 20.08  20.01 19.91 0. 06
yHm e 30.00  30.30  30.22 30.27 0.26
f  40.00 39.98  39.39  39.67 0.32

g 20. 00 21.19 23.13 24.58 2.97
z 5 h 30. 00 30. 03 31.04 31.75 0.94
i 70. 00 70.19 72.23 71.17 1.20

®3 HHRFENEFRMIE

Table 3 The time of measurement experiment with

the prototype system s
o IS FERT -3
TP 1 W2 PR3 FER
a 0.78 1.05 0.70 0. 84
x J5 [ b 0. 56 0. 65 0.35 0.52
c 0.68 0.82 0.61 0.70
d 0.83 0. 87 0.62 0.77
y J7 1] e 0.83 0.78 0. 67 0.76
f 0.92 0. 85 0. 65 0. 81
g 0.99 0.96 0.75 0.90
z J7[h) h 0.92 1.01 0.76 0.90
i 0.61 0. 83 0.59 0. 68
Ji2 0.16 0.76
4 & %
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