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Adaptive Control Method for Quadruped Robot Facing Floors of Different Roughness

ZHANG Nan-Jie! CHEN Yu-Quan' JI Mao-Qin' SUN Yun-Kang' WANG Bing'

Abstract Addressing the issue of high-speed stable motion for quadruped robots in complex environments, a hier-
archical motion control framework integrating model and learning is proposed. First, a penalty mechanism based on
single foot placement point deviation is introduced to effectively evaluate continuous sliding states. Second, a con-
tinuous contact state description based on hyperbolic tangent function is constructed, significantly improving the
phase switching impact problem in traditional discrete methods. Then, a LSTM-based ground characteristics real-
time estimation network is designed to achieve adaptive adjustment of the centroid of mass position. Finally, a hier-
archical control framework based on execution and decision layers is proposed to enhance the system’s environ-
mental adaptability. Experiments in the Isaac Gym simulation environment demonstrate that this control method
can adapt to different friction coefficients and motion speeds. Particularly in an extremely low friction environment
(n = 0.05), the adaptive control strategy adjusts the centroid of mass height by 0.0610 m, while maintaining a mo-
tion speed of 1.4284 m/s and controlling the sliding distance of the foot end to 0.308 £ 0.0050 cm. This outcome
serves to provide a comprehensive demonstration of the effectiveness and practical value of the proposed control
method.
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Diagram of the four gaits and the desired contact state for each gait
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System control framework
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Table 4 PPO hyperparameters
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Fig.4

Trends in partial rewards during PPO training ((a) Total reward; (b) Kinematic tracking rewards;

(c) Gait execution rewards; (d) Motion stability rewards; (e) Motion constraint rewards)
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Fig.5 Comparison of foot contact sequences under different modeling methods with a benchmark controller
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Table 5  Comparison of contact state modeling methods Table 6  Performance comparison of four gaits in
under different gaits with a benchmark controller a low friction environment
15 m/s 2.0 m/s S FonRE MR
P /xxm]ﬂzw — stk /xxnmzw HIERAH B8 0 g any S (/)
/N 0.9217 0.9583 0.8915 0.9247 e /N —0.061  0.308 £0.015 1.428
ik 0.8697 0.9474 0.8642 0.9362 & /N 0 0.343 & 0.081 1.455
%% 0.9371 0.9457 0.9230 0.9436 & B —0.119  0.342+0.032 1.372
ez 0.9335 0.9482 0.9257 0.9376 % 784 0 0.354 £ 0.040 1.219
R BBk —0.271  0.423 4 0.051 1.116
Ut v A EE B M 0.343 cm J/> 2 0.308 em, HARKF T 7 Bk 0 0.627 + 0.046 0.898
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2) BBk DA R T ER KM & % = e 0 0.545 + 0.062 0.467
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G

m/s), RIERD T 17.4%.
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Fig.6 Motion characteristics comparison of different gaits in a low friction environments ((a) ~ (d) is the centroid of

mass height; (e) ~ (h) is the motion speed; (i) ~ (1) is the foot end sliding distance. From left to right, the four gaits
have a target speed of 1.5 m/s and a friction coefficient p = 0.05)
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Fig.7 Distribution diagram of the centroid of mass
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cients and desired speeds with a benchmark controller
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Fig.8 Robot motion characteristics comparison under different friction coefficients ((a) ~ (c) is the centroid of mass
height; (d) ~ (f) is the motion speed; (g) ~ (i) is the foot end sliding. Shaded areas indicate standard deviations)
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Table 7 Comparison of control performance under

different desired speeds and friction conditions in
the trotting gait

HIER WA R UL SR JBEHE
il (m/s)  RH A (m) FEES (cm) (m/s)
= 1.5 1.0 —0.0311 0.290 4+ 0.000 4 1.4900
& 1.5 1.0 0 0.316 4+ 0.050 0 1.503 9
& 1.5 1.0 —0.2000 0.295 + 0.060 0 1.397 3
& 1.5 1.0 —0.400 0 0.286 4+ 0.040 0 1.353 9
= 1.5 0.2 —0.038 0 0.312 4+0.004 0 1.502 0
& 1.5 0.2 0 0.327 4+ 0.060 0 1.548 1
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= 1.5 0.05 —0.0610 0.308 +0.0050 1.428 4
& 1.5 0.05 0 0.343 4+ 0.080 0 1.4550
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