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Abstract

In order to realize the stable motion of heavy-duty hexapod robot in mountainous environment, a
graph search method based on A-Star algorithm is proposed. Thirty-three Kkinds of stable support
states of hexapod robot are selected, the transition table of support states is established, and the
possible motion state sequence of each leg from initial state to target state is generated by graph
search method. Then, an optimal path from root node to target node is selected by A-Star algo-
rithm, which is used as the final motion state sequence of the leg. Finally, the foot trajectory is po-
lynomially fitted, and the ability to cross different obstacles is achieved by setting the height and
width of the trajectory. The results show that the average error of the proposed algorithm is 7.2%
when it runs on the hexapod robot model, and the ADAMS simulation trajectory curve of the single
leg foot is smooth, which can effectively reduce the inertial vibration phenomenon. This study
provides a reference for the motion control method of heavy-duty hexapod robot in mountainous
environment.
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(a) Simplified structure of the whole machine (b) Diagram of single leg structure

Figure 1. Simulation model of simplified robot
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(a) XOZ coordinate system (b) XOY coordinate system
Figure 2. The position of the foot ends in a single leg coordinate system
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Figure 3. Process of motion planning
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Figure 4. 23 kinds of supporting state forms of hexapod robot
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Table 1. Transition table of support state

=1 RS RR

SCHERES HEPRE SCHERES HEPRE SCHERES HEHRE

1 11167 9 19213 17 1113237

2 111310 10 20222 18 1214238

3 12149 11 172012 19 1215239

4 12158 12 181934 20 11162310

5 1315 13 517222 21 14162379

6 1416 14 618213 22 131523810

7 17211 15 519224

23 171819202122

8 18224 16 620211
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Figure 5. Schematic diagram of chart search
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Figure 6. Graph search process based on A-Star algorithm
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Figure 7. Curve model of simplified foot end trajectory
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Figure 8. The trajectory of the robot's foot at each coordinate axis
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Figure 9. Simulation results of two-step single-leg joint
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Figure 10. Two-gait simulation of a six-footed robot on the ground
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Figure 11. Two-gait simulation of a six-footed robot on the ground
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Table 2. Forward displacement of two-gait

2. Z SRR IS

KIS MR IR AL /mm HUASERR AL /mm R ZE/mm
1 500 465 35
2 500 472 28
3 500 456 44
T 500 464.33 35.67
5. &ig

AR Al A-Star BRI R ZOD S AERMITE, 45 A ERE RN A-Star S EER % B
L3, KBS ENBNBEE SIS R, $Em 7 RS EEMPTTIERE . 10 B2 B ER
PEFER, R 2 G IHER s s, Sl AP L AR 5SS A a] R R A [
Wi . BEh i A REEN], PR SIS s M2 T, SCEAINE SR DI ST L s 0
TAH, AEAHIAATIE R B8 A RO D L EHRILR . SEMRR IS ) 73 Hr 45 R W], ASCHIEAE — B
PUARATHE P AR ENE, EERIRE, REAR N T LR M. JalPRR R S E N
AL NIAEASCRE, JREdE— 2 i fr et

S 3k
[1] X, LA, A58, 2 BUENLE A RCG BABHIEILMATL[0]. T3, 2018, 46(8): 1842-1848.

21 kMR, PhieT, RSO, S ATARRIEE U ALES A /N S (O], T LR RS R 4, 2019, 25(2):
439-446.

[B1 FRZS, BEiEH, xipp, &5 (e ik e 78 2L E NBsIse 3] ARAER A AR (A R RARR), 2019, 40(6):
819-824.

[4] ZpA, BRI, S, & 2 H SR 0 8 BN AN S B KA [I]. db s TR ER,
2013(7): 698-703.

[B] k&AE, &M, Tk, 7S ENZENEENIZ 3 A0 A BLE ). Jeshs % 1A, 2017, 25(7): 1832-1842.

[6] BRlE, 206k, 2R DN ANBIEE T @R A7 it 5 5AER]. HLEs A, 2019, 41(3):
307-316.

[7] fArisd, MG, #meih, & —Fh0id ) ENLES NSt SRR D). fliEl B 34k, 2018, 40(9): 150-153.

8] RZE, WR, B ZEPATHLE AT FORIL R[], HUARSUE, 2008, 36(5): 187-191.

[9] Sun, C, Yuan, M.H., Li, F., et al. (2019) Design and Simulation Analysis of Hexapod Bionic Spider Robot. Journal of
Physics: Conference Series, 1168, Article ID: 022094. https://doi.org/10.1088/1742-6596/1168/2/022094

[10] Cartal, L.A., Apostolescu, T.C. and Petre, A.S. (2018) A Hexapod Robot for Off-Road Applications. IOP Conference
Series: Materials Science and Engineering, 444, Article ID: 042015. https://doi.org/10.1088/1757-899X/444/4/042015

[11] Istvan, K., Ervin, B. and Fulop, B. (2017) Model Validation of a Hexapod Walker Robot. Robotica, 35, 419-462.
[12] Z=Z, hFHE. T ool A-Star BRI AN IR EIEGT T[] Fe 244K, 2008, 29(7): 788-792.
[13] B EiT, EMA, RAF. H TS B E R A-Star LRI EEED]. K 58452, 2018, 43(9): 71-75.

[14] Peng, Ch.H. and Wang, B.F. (2000) Recognizing Unordered Depth-First Search Trees of an Undirected Graph in Pa-
rallel. IEEE Transactions on Parallel and Distributed Systems, 11, 559-570. https://doi.org/10.1109/71.862207

[15] Hu, C.M., et al. (2016) Big Graph Search: Challenges and Techniques. Frontiers of Computer Science in China, 3,
387-398. https://doi.org/10.1007/s11704-015-4515-1

[16] Song, S.M. and Choi, B.S. (1989) A Study on Continuous Follow-the-Leader (FTL) Gaits: An Effective Walking Al-
gorithm over Rough Terrain. Mathematical Biosciences, 97, 199-233. https://doi.org/10.1016/0025-5564(89)90005-9

[17] McGhee, R.B. and Iswandhi, G.I. (1979) Adaptive Locomotion of a Multilegged Robot over Rough Terrain. Systems

DOI: 10.12677/met.2020.92015 152 BUbk TR S A


https://doi.org/10.12677/met.2020.92015
https://doi.org/10.1088/1742-6596/1168/2/022094
https://doi.org/10.1088/1757-899X/444/4/042015
https://doi.org/10.1109/71.862207
https://doi.org/10.1007/s11704-015-4515-1
https://doi.org/10.1016/0025-5564(89)90005-9

il

Man and Cybernetics, 9, 176-182. https://doi.org/10.1109/TSMC.1979.4310180

[18] Ti¥, #EE, WIKE. £T D-H LR = B i B H BN F T E 3 2R M 0], HiE 531k, 2015, 37(22):
10-13.

[19] Xi#p, BEee, R, BRANLAN PR FLRIR[I]. HLA% A, 2006, 28(1): 81-88.

[20] ZWi%E, Gk mAEs, KAMR, &5 BT EHLISENSE ANB HISEHMRP]. #HER5RH, 2015 32(4):
481-490.

DOI: 10.12677/met.2020.92015 153 Bl TR S A


https://doi.org/10.12677/met.2020.92015
https://doi.org/10.1109/TSMC.1979.4310180

	Motion Control Analysis of Heavy-Duty Hexapod Robot in Mountainous Environment
	Abstract
	Keywords
	山地环境重载六足机器人运动控制分析
	摘  要
	关键词
	1. 引言
	2. 六足机器人运动学分析
	2.1. 单腿正运动学解
	2.2. 单腿逆运动学解

	3. 六足机器人的运动规划与仿真实验
	3.1. 步态规划
	3.1.1. 六足机器人支撑状态及转变
	3.1.2. 基于A-Star算法的图表搜索步态生成法

	3.2. 六足机器人足端轨迹规划
	3.3. 运动仿真实验

	4. 实物平台运动分析
	5. 结论
	参考文献

