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End pose measurement method of six DOF electric servo swing roller forming
equipment based on monocular vision

Liu Yong, Zheng Fangyan, Han Xinghui
(Hubei Key Laboratory of Advanced Technology for Automotive Components, School of Automotive Engineering,
Wuhan University of Technology, Wuhan 430070, China)

Abstract: The rapid measurement of end pose for six degree-of-freedom (DOF) electric servo swing roller forming equipment is the key to
achieve the precise machining of equipment, and the pose measurement method based on a monocular vision camera is fast and effective.
Therefore, the initial image of non-coplanar cooperative targets fixed to the end of equipment was captured by the monocular camera. Then,
through image processing and target feature extraction, the two-dimensional image coordinates of the cooperative targets were obtained, and
the transform of the pose solving problem into a PnP (Perspective-n-Point) problem was conducted. Furthermore, PnP problem was solved
and transformed into coordinates by the orthogonal iteration algorithm, and the end pose of six DOF electric servo swing roller forming equip-
ment was obtained ultimately. Finally, the precise measurement test of equipment was conducted. The results show that the average position
error of the equipment end is 0. 6413 mm, and the average angular error is 0. 0379°, which verifies the effectiveness of the proposed method.
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Fig. 1 Structure diagram of six DOF electric servo swing roller forming equipment
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Fig. 2 Schematic diagram of monocular vision measurement system
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Fig. 3 Flow chart of pose measurement system
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Fig. 5 Schematic diagram of spatial collinearity error
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Fig. 6 Experimental platform

(a) Six DOF electric servo swing roller forming equipment
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Table 1 Hardware parameters of six DOF electric servo

swing roller forming equipment

e HufH
HLHLAEHLHE/ (N - m) 6.37
HLBIE RS/ (1 - min™") 3000
22T EH A%/ mm @50
2 FTATRE/ mm 150
FEIEHLAFRE F1/kN 200
BIEHLE 1 Rt /mm 300

(b) FHEN RS

(b) Monocular vision measurement system
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Fig. 8 Measured errors of end pose

(a) Position error along x axis

(e) Angular error along y axis

(b) Position error along y axis
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Table 2 Measured errors of end pose based on monocular vision

eS8 Max Mean RMSE

x/mm 1.7195 0. 1208 0. 8193
y/mm 0. 9889 -0.0199 0. 4402
z/mm 1. 4839 0.0611 0. 6646
a/(°) 0. 0479 -0.0019 0. 0210
B/(°) 0. 1403 0.0031 0. 0699
v/ (°) 0. 0408 -0. 0021 0. 0230

(¢) Position error along z axis ~ (d) Angular error along x axis

(f) Angular error in along z axis
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