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Pose Measurement Method and Experimental Study in the Docking of Cabins by Parallel Mechanism
LI Shigi, CHEN Dong" , WANG Junfeng
(School of Mechanical Sci. & Eng., Huazhong Univ. of Sci. & Technol., Wuhan 430074, China)
Abstract: Aiming at overcoming the shortcomings in the current series docking technology and realizing automatic cabin docking, a cabin dock-
ing system was developed and a pose measurement and conversion method was put forward to provide reliable motion parameters for the parallel
mechanism to achieve the docking task. Firstly, the coordinate system relation between the movable cabin and the laser tracker was matched
through measuring relevant features. The coordinate system of the movable cabin was taken as the intermediate coordinate system, and equations
of the relative pose relation between the movable cabin and the mobile platform as well as that between the movable cabin and the fixed cabin
were constructed respectively. Because the analytical solutions of the relative pose equations which contain measurement errors, were difficult to
obtain, the relative pose equations were constructed into custom scalar functions. Thus the problem of relative pose calculation was transformed
into the optimization of each scalar function and the simplex method was used to solve each scalar function to gain the relative pose parameters.
The position transfer conversion method was used to calculate the target pose of mobile platform. Finally, a simulation platform for cabin dock-
ing test was built, and the docking was successfully realized by using the above pose calculation results. In order to evaluate the docking effect,

three groups of feature points on the end faces of the two cabins were measured after docking. The mean absolute deviation of the coordinate of
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the feature points set in the x-direction was 2.673 mm, which was consistent with the result of the chamfering of pins being slightly inserted into

the pin holes. Meanwhile, the mean absolute deviation of the coordinates of the feature points set in the y and z directions were 0.120, 0.163 mm

respectively, which is consistent with the result that the end faces of two cabins are facing directly and the holes are basically aligned with the

pins, and to some extent, showed the validity of the proposed pose measurement method and the correctness of the calculated results.

Key words: parallel mechanism; assembly of cabins; relative pose; pose measurement method
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Fig. 1 Relative pose relations in cabin docking
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Fig.2 Composition of cabin docking system
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Fig. 10 Physical scene of cabin docking simulation
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Tab.1 Measurement coordinate values of reference
marker K for three times translations
77 1A x/mm y/mm z/mm
VEx 100.626 0.131 1.644
Wy 0.177 99.647 1.112
Wz Hl 0.241 1.976 100.293

2 CREEMNSEINCSALIRNEE
Measurement coordinate values of reference
marker k for six times rotations

Tab. 2

W al®)  BIC) IO x/mm y/mm z/mm

1 5 4 3 48.699 74.041 88.441
2 7 6 5 71.015 95.833 135.567
3 -6 -4 -5 71.443 71.224 101.362
4 -8 =7 -6 102.008 83.028 138.065
5 3 5 —4 57.559 122.211 114.001
6 —4 4 3 46.641 129.664 89.311
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Tab.3 Coordinate values of reference feature points and

target feature points before docking

AAFR R x/mm y/mm z/mm
Dp1 0 0 379.474
Dpy 0 -373.781 65.218
Dp3 0 0.827 -380.190
Dy 54.060 -10.828 306.000
Dy 82.071 -385.771 -6.754
Dy 83.399 -12.371 —453.917
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Fig. 11 Scene before and after cabin docking
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Tab.4 Coordinate values of reference feature points and

target feature points after docking

AR AR 5 x/mm y/mm z/mm
Dpr 51.368 -10.696 306.233
Dpy 79.385 —385.681 —6.898
A 80.798 -12.227 —453.741
by 54.032 -10.813 306.040
by, 82.066 —385.573 —6.774
Dy, 83.364 -12.362 -453.914
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Fig. 13 Absolute coordinate deviation s of three groups
feature points after cabin docking
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