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A Backstepping Control Strategy of Command Filtering for
Two-Link Flexible Joint Manipulator

LIN Menghao, ZHANG Lei, LI Pengfei, WANG Xiaohua, WANG Wenjie

(College of Electronics and Information, Xi’an Polytechnic University, Xi’an 710048, China)

Abstract: A backstepping control strategy of command filtering with output constraint and error
compensation for two-link flexible joint manipulator (named BLF-CFBC) is proposed to achieve
the control goal of improving the tracking response speed and tracking accuracy of the two-link
flexible joint manipulator system. Firstly, a logarithmic barrier Lyapunov function is constructed
to replace the conventional quadratic Lyapunov function in the backstepping control design, so
that the trajectory tracking error is constrained within the preset range and the trajectory tracking
accuracy is ensured while the error convergence speed is accelerated. Secondly, the control signal
and its derivative are output from the command filter so as to avoid the problem of computational
explosion caused by the repeated derivation of control variables in conventional backstepping
control method based on Lyapunov theory. thus effectively reducing the calculation dimension.

Finally, an error compensation mechanism is introduced to construct system variables by using
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the errors between the control signal and the output of the filter, so as to reduce the influence of

the error of command filter on the tracking accuracy of the manipulator. A two-link flexible joint

manipulator system model is built and simulated in Matlab software. Results and a comparison

with the command filter backstepping control strategy (CFBC) without considering output

constraint and error compensation show that the proposed control strategy increases the trajectory

tracking response speed of joint 1 and joint 2 by 20% and 30% ., respectively, and the trajectory

tracking error reduces by 4% and 3.5%, respectively.

Keywords: two-link flexible joint manipulator; barrier Lyapunov function; command filtering;

filtering error
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Fig. 1 Schematic diagram of a two-link flexible joint

manipulator
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