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Abstract: One of the main factors affecting the obstacle crossing performance is the base rotation
joint of the walking arms. To improve the walking performance of the robot under the obstacle
crossing conditions, an active adjustment method of the base rotation joint was proposed.
Firstly, a dual-inertia dynamic model of the base rotation joint was established, and a joint
controller was designed based on linear quadratic regulator (LQR) control theory. Through
comparison, it is found that the performance of the base rotation joint is mainly determined by the
weight coefficient matrices Q. and R.. Genetic algorithm is used to optimize the parameters in the
coefficient matrices of the joint controller, and the optimization results are compared and
analyzed to find the best scheme to improve the walking performance of the robot under obstacle
crossing condition. Finally, the obstacle crossing experiment of the multi-joint double-arm
inspection robot is carried out, and the results showed that the joint controller with optimized
parameters can better control the robot to complete obstacle crossing tasks.

Key words: dual-arm inspection robot; dynamic modeling; joint control; genetic algorithm;
performance analysis
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Fig. 1 Multi-joint dual-arm inspection robot model
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Fig. 4 Control flow chart of the base rotation joint
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Table 1 Parameters of the robot rotation joint
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Table 3 Simulation results with different 7,
n T.Js MJ(°) a4, /((°)+s) 1 T.Js MJ(°) a, J((°)s?)
10 4.524 0. 090 6.437 60 3.092 0.179 10. 92
20 3. 668 0.127 8. 050 70 3.035 0.176 11. 41
30 3.537 0.167 9.036 80 2.932 0.177 11.79
40 3.456 0.173 9.769 90 2. 830 0.178 12.22
50 2.770 0. 165 10. 39 100 2. 696 0. 181 12.53
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Table 4 Simulation results with different 5,
2 Ty/s M/(°) Al ((°)*57) (B Ty/s M/(°) Al ((°)*57)
0.01 2.770 0. 165 10. 39 0.5 3.234 0. 158 10. 30
0.1 3.035 0.202 10. 38 0.6 3.184 0. 154 10. 30
0.2 3.037 0.197 10. 36 0.7 3.316 0. 149 10.29
0.3 2.747 0. 155 10. 34 0.8 3.254 0. 146 10. 27
0.4 3.309 0. 161 10. 32 0.9 3.203 0. 141 10. 24
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Table 5 Simulation results with different &
& T.Js M) a,,/((°)+s) ¢ T.Js M) an () s?)
2. 747 0.155 10. 34 50 11.31 — 3.156
10 5. 487 0.034 5.317 60 12.98 — 2.961
20 5. 826 — 4.302 70 14. 62 — 2. 807
30 8. 095 — 3.761 80 15.45 — 2.679
40 10. 11 — 3.404 90 16.28 — 2.569
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Table 6 Performance index after parameter

optimization
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Table 7 Performance index comparison %

HERetEls B30 SR BH3 B84
6 -88.10 -73.31 57.56  65.76
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Table 8 Robot joint motion parameters

B Y
B B SEAT KA Bt
A1) /s
ST ST 10 5 mm/s
R R JiE I O 20 9 (°)/
sy AT O
S R e P i A e 20 9 (°)/s
Ja T AT 10 5 mm/s

TSI I % v AR L A PR 2 S PR R 1
OB IR B PR AR R MLA T 2 5 ) e
i . 0 3 A B SR 4 F AL 1 3 oy A RE ek
G, Gad AP A5 ANT - 9401 B R4
B X6 22 5675 WU A ML 7 A 15 15 95 P e 1250
AT, an e 10 Frow

E10 A =F N LIREEAL
Fig. 10 Inspection robot test prototype
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Table 9 Experimental results for different controller parameters
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