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Non-contact large-stroke position and attitude measurement system
for parallel robots

Wang Yi'* Qin Chao' Xu Zhenbang'
(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,Changchun 130033, Chinaj;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To meet the demand for non-contact synchronous measurement of the large-range six-degree-of-freedom pose
of a parallel robot’s moving platform, a pose measurement system composed of a laser and visual components is
proposed. The system utilizes image processing technology to output the two-dimensional coordinates of light spots on
the detection surface, achieving precise pose measurement of parallel robot platforms through the cooperation of lasers
and vision components. Subsequently, the solution method of the measurement system is studied, and the pose of the
target is derived based on analytical geometry methods. Finally, experimental tests are conducted using a high-precision
parallel robot. The results indicate that the system achieves a root mean square error of less than 0. 1 mm in position
measurement and less than 0.07° in attitude measurement. The average relative errors of position and attitude
measurements are 0. 76 % and 2.56 %, respectively. This research provides a novel and effective solution for large-

stroke pose measurement technology, with broad application prospects in robotic motion control, precision
manufacturing, and scientific experiments.
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Fig. 1 Structure of the pose measurement system
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Fig. 2 Flowchart of the pose calculation process
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Fig. 3 Detection structure of the vision module
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Fig.5 Schematic diagram of laser point coordinate calculation method
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Motion and pose model of the moving platform
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Table 1 Performance parameters of the measured parallel robot

ZH T..T, T. R..R, R.
FREFE £50 mm £25 mm £15° +30°
I HER 1 pm 0.5 pm 5 prad 5 prad
ENKE  £2 pm +1pm 410 urad +10 prad

x2 REETEATERESH

Table 2 System space plane model parameters

2% [6] Y- T ULE
A B C D
ay, Ml 0 —1 0 0
I B m 0 1 —95
You I 1 0 —262
ay, W —1.732 —1 0 0
I B 0 0 0 1 —95
Yoo I 0.577 —1 0 302. 532
ao, M —1.732 1 0 0
m B, m 0 0 1 —95
Yo, M 0.577 1 0 302. 532
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Fig. 13 Pose measurement error
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Table 4 Measurement errors of each degree of freedom

r., T, T./ R./ R,/ R./

mm mm mm (@ (@) (@)

RE

FHRE 0.077  0.064  0.044 0.040 0.039 0.047
BRIRZE 0.179 0.192 0.145 0.147 0.135 0.163
RMSE 0.092 0.077 0.059 0.057 0.051 0.063
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