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Compensation Signal Driven Adaptive Balance Control of the Pendubot

WEI Cui' CHAI Tian-You"? JIA Yao! WANG Liang-Yong®

Abstract
torque as the input, angles of the actuated link and the underactuated link as outputs. The model parameters, such as the

The Pendubot system is a strong nonlinear multivariable underactuated mechanical system with the motor

length of the link, the center of mass, change with the system mechanical structure. Moreover, the system is influenced by
the friction, which is uncertain, nonlinear and time varying. In this paper, a novel compensation signal driven adaptive
controller is developed by representing the controlled object as the combination of a determinate low-order linear model
and unknown high-order nonlinear terms. In the proposed controller design, two compensation signals are constructed
and added onto the control signal obtained from the linear deterministic model based PD control design. Such two
compensation signals aim at eliminating the effects of the previous sample high-order nonlinearity and its changing rate,
respectively. The performance analysis of the algorithm is given, and simulations and physical experiments are carried
out, where it has been shown that the two output angles of the Pendubot can be stabilized at their targeted positions

when the system is subjected to unknown variations of its parameters.
Key words Compensation signal driven, high-order nonlinearity compensation, one-step optimal PD control, Pendubot,
friction compensation
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Fig.2 Structure diagram of Pendubot adaptive balance control using the compensation signal based approach
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Table 2 Performance indexes of the conventional PD
method, the method in [15] and the proposed method
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Fig.4 Simulation results of the conventional PD control
method, the control method in [15] and the proposed

method with parameter uncertainties
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Table 3 Performance indexes of the conventional PD
method, the method in [15] and the proposed method

YR ZRR BRI I 2%
W PD 361.080 6.483
SCHik [15] 337.320 6.093
AL 204.336 4.201
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Table 4 Performance indexes of the conventional PD
method, the method in [15] and the proposed method
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AL 295.776 7.574
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Fig.7 Experimental results of the conventional PD
control method, the method in [15] and the proposed

method with parameter uncertainties
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