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Table 2 Deviation between actual pose of cooperative target and expected pose (Experiment 1)

F5 A x/mm A y/mm
0 -53.566 51.819
1 —45.656 47.975
2 -12.129 10.276
3 -9.445 8.758
4 -2.525 1.846
5 -2.075 1.918
6 -1.714 1.817
7 -0.414 -0.093
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Az/mm Ayl (°) Ao/ (°) AB/(°) Ayl (°)
54.748 19.698 9.492 17.252 0.518
15.863 3.973 1.821 3.530 0.092
7.859 3.830 1.583 3.487 0.071
3.601 0.797 0.278 0.745 0.041
1.572 0.771 0.214 0.740 0.030
1.156 0.223 0.101 0.198 0.020
0.924 0.026 0.020 0.017 0.001
0.274 0.091 —0.087 0.029 0.004
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Table 3 Deviation between actual pose of cooperative target and expected pose (Experiment 2)

5 A x/mm A y/mm A z/mm An/ (°) Aal (°) Ap/(°) Ay/ (°)
0 —45.196 67.901 44.479 12.420 5.382 11.119 -1.290
1 —44.669 64.972 21.092 2.611 1.161 2.324 -0.262
2 —-10.235 12.653 8.271 2.428 184 2.280 —-0.285
3 -9.326 12.083 6.195 0.539 0.188 0.503 —-0.050
4 -1.993 2.349 2.275 0.460 0.107 0.446 —-0.040
5 —-1.607 2.279 2.020 0.090 0.025 0.085 —-0.011
6 —0.948 0.364 0.571 0.219 -0.010 0.219 0.001
7 -0.400 0.298 0.551 0.040 -0.026 -0.030 -0.005
8 0.026 -0.227 0.047 0.098 —-0.090 —0.038 0.009
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Table 4 Deviation between actual pose of cooperative target and expected pose (Experiment 3)
e A x/mm A y/mm Az/mm An/ (°) Aal (°) AB/(°) Ayl (°)
0 49.954 39.415 117.568 21.226 11.843 -17.523 1.798
1 63.047 42.904 72.464 4.274 2.211 -3.637 0.388
2 14.527 9.162 26.568 4.110 1.922 -3.612 0.391
3 14.027 8.454 21.938 0.965 0.470 —0.841 0.054
4 3.123 1.635 7.687 0.832 0.346 —-0.755 0.053
5 2.833 1.393 6.948 0.193 0.072 -0.179 0.006
6 0.565 0.357 2.398 0.149 0.073 -0.130 0.005
7 0.197 0.256 0.948 0.162 0.101 -0.126 0.011
8 0.116 -0.076 0.329 0.115 0.033 -0.109 0.016
9 0.430 0.294 0.259 0.205 0.088 -0.182 0.028
10 -0.237 0.060 —-0.003 0.083 —-0.006 0.083 0.005
11 0.289 -0.056 -0.023 0.023 -0.021 -0.010 0.003
12 0.072 0.052 -0.128 0.033 —-0.004 -0.033 0.001
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Fig.12 Convergence curve of deviation from pose adjusting (Experiment 2)
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Fig.13 Convergence curve of deviation from pose adjusting (Experiment 3)
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Research on Visual Alignment Technology of Industrial Robotic Arm in

Multi-Station Operation

ZHU Hongyu', ZENG Lingbin’, SHI Shifeng', YE Nan'

(1. College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China;

2. Shanghai Aerospace System Engineering Institution, Shanghai 201109, China)

[ABSTRACT]

A monocular-vision-based alignment technique is proposed to achieve accurate alignment of tool end

in multi-station operation with an industrial robotic arm. To begin with, the system calibration is carried out to establish
coordinates mapping between the concerning coordinate systems. After that, a set of cooperative targets is designed and ar-
ranged near the alignment objects on the workpiece. The expected poses of cooperative targets can be obtained by offline
measurement and a task table for alignment targets is then built up. In the multi-station operation stage, driven by the task
table, the current poses of the targetsare calculated by the vision system, and the deviations between the current poses and
expected poses are calculated. Then parameters to move the robot arm are evaluated according to the deviations by the co-
ordinates mapping. By iterating the above steps, the final alignment is worked out upon the designed threshold. The experi-
mental results show that the alignment accuracy can reach 0.1mm in X and Y direction, 0.2mm in Z direction, and the angle
error is better than 0.1° in the measuring distance of 260mm.

Keywords: Multi-station operation; Industrial robotic arm; Cooperative target; Pose solution; Visual alignment
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