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Abstract: Compared with traditional rigid actuating systems, the pneumatic artificial muscle systems have the ad-
vantages of lightweight and friendly human-computer interaction. However, the motion of this system appears complex
hysteresis characteristic, which brings large challenges in realizing tracking control of the system. This paper proposes a
model reference adaptive inverse compensation control strategy for the vertical pneumatic artificial muscle system. This
control strategy can effectively overcome the influence of the hysteresis characteristic, external disturbances as well as pa-
rameter perturbation on the system’s motion states, and can further realize high-precision tracking control for the vertical
pneumatic artificial muscle system. Specifically, we first analyze the system’s motion characteristics and the uncertain
factors that affect the control accuracy of the system. Then, based on the analysis results, we establish a reference mod-
el to describe the system’s motion characteristics. According to the idea of inverse compensation, we design an inverse
compensation controller by inverting the reference model established to overcome the hysteresis characteristic’s influence
on the system’s motion states. Based on the least mean square error algorithm, we design the adaptive law to identify
the weights of the reference model and to estimate the design parameters of the inverse compensation controller, thereby
overcoming the influence of external disturbances as well as parameter perturbation on the system’s motion states. Finally,
the effectiveness of the proposed strategy is verified by some experiments.
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Fig. 1 Structure of vertical pneumatic artificial muscle system
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Fig. 2 Curves of the vertical pneumatic artificial muscle sys-
tem’s displacement with given input pressure
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Fig. 3 Dynamic experimental results of vertical pneumatic
artificial muscle system
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Fig. 7 Structure diagram of the model reference adaptive in-
verse compensation control strategy
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Fig. 10 The experiment results of the tracking control
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