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Parameter Tuning Algorithm for Sliding Mode Control

S. -H. Ryu(Mecha. Eng. Dept., HYU), J. -H. Park(Mecha. Eng. Dept., HYU)

ABSTRACT

For an efficient sliding mode control system stability and chattering avoidance should be guaranteed. A continuation
method using boundary layer is well known as one solution for this. However since not only model uncertainties and
disturbances but also control task itself is variable, it is practically impossible to set controller parameters - control
discontinuity, control bandwidth, boundary layer thickness - in advance. In this paper first an adaptation law of control
discontinuity is introduced to assure system stability and then fuzzy logic based tuning algorithm of design parameters is
applied based on monitored performance indices of tracking etror, control chattering, and model precision. In the end
maximum control bandwidth not exciting unmodeled dynamics and minimum control discontinuity, boundary layer thickness
making system stable and free of chattering are found respectively. This eliminates control chattering and enhances control
accuracy as much as possible under given control situation. In order to demonstrate the validity of the proposed algorithm
safe headway maintenance control for autonomous transportation system is simulated. The control results show that the
proposed algorithm guarantees system stability all the time and tunes control parameters consistently and in consequence

implements an efficient control in terms of both accuracy and actuator chattering.
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Fig. 1 Structure of the closed—loop error dynamics
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Fig. 2 Relation 1 between control performances and
control bandwidth
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Table 1 Fuzzy rules for tuning of pseudo-optimum control
bandwidth

—_chat. index C
err. index Small Medium Big
Sma" }\'opi ;\’big }“\cr) big
E Medium )‘snmll }"big }\'\‘CY) big
Blg ;‘\cq small }"big }"\'cr) big
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Table 2 Fuzzy rules for tuning of optimum control
bandwidth

at. index C
bandwidth Zero Small | Medium Big
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Fig. 6 Vehicle-to-vehicle safe headway maintenance
control result when mmal control bandw1dth is small

Fig. 7 History of control input when initial control
bandwidth is small

Fig. 8 History of control error when initial control
bandwidth is small

Fig. 9 Vehicle-to-vehicle safe headway maintenance
control result when initial control bandwidth is big
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Fig. 10 History of control input whcn initial control
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Fig. 11 History of control error when initial control
bandwidth is big
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Table 4 Tuning results for different initial conditions

ontent
4, k
trial % ! ¢' !
1 10 921.36 0.11 105.04
2 45 855.03 0.13 114.58

3 200 992.25 0.10 95.06
4 500 815.77 0.13 109.54
5 3000 780.23 0.12 9221
6 10000 1001.62 0.09 94.66
Average * 894.38 0.11 101.85
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