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Robust Optimal Bang-Bang Controller
Using Lyapunov Robust Stability Condition
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Abstract

: There are mainly two types of bang-bang controllers for nominal linear time-invariant (LTI) system. Optimal

bang-bang controller is designed based on optimal control theory and suboptimal bang-bang controller is obtained by using
Lyapunov stability condition. In this paper, the suboptimal bang-bang control method is extended to LTI system involving both
control input saturation and structured real parameter uncertainties by using Lyapunov robust stability condition. Two robust
optimal bang-bang controllers are derived by minimizing the time derivative of Lyapunov function subjected to the limit of
control input. The one is developed based on the classical quadratic stability(QS), and the other is developed based on the
affine quadratic stability(AQS). And characteristics of the two controllers are compared. Especially, bounds of parameter
uncertainties which theoretically guarantee robust stability of the two controllers are compared quantitatively for 1DOF
vibrating system. Moreover, the validity of robust optimal bang-bang controller based on the AQS is shown through numerical

simulations for this system.
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Fig. 1. 1DOF vibrating system.
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Table 1. Bounds of time-invariant uncertainties.

Displacement{m)
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0.01 2.1e3 1.3e4
0.10 6.7¢3 4.1e4
1.00 2.1e4 1.3e5
2.00 3.0e4 1.8¢5
3.00 3.604 2.3
4.00 4.2¢4 2.6e5
5.00 4.7e4 2.9¢5
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Fig. 3. Time histories of displacements and control forces.
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