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Abstract:

In this thesis, the dynamic controller synthesis problem of vehicle active suspension
systems is investigated. A controller design method is proposed which is capable of
reducing the vibration of the vehicle when driving on uneven ground.

In contrast with the majority of the existing design methods which employ static state
feedback, this thesis considers dynamic output feedback. A special transformation is
introduced that equivalently converts the dynamic output feedback controller synthesis
problem into a static state feedback design problem. Then the design can be completed by
applying the available existing methods. The introduced transformation overcomes the
difficulty of incorporating the constraints of road holding ability, maximum suspension
deflection of the active suspension system, and actuator limitation into a output feedback
design. This feature is hardly seen in the existing methods. In addition, the control
problem is regarded as a narrow-band disturbance attenuation problem. To enhance ride
comfort, the proposed methods introduce internal models into the design, combined with
the generalized Kalman-Yakubovich-Popov (GKYP) Lemma in order to minimize
the H_ gain of the transfer function from the disturbance to the observed output (i.e., the
vertical acceleration of the vehicle body) in the desirable restricted frequency range.

Synthesis conditions are derived in terms of linear matrix inequalities (LMIs), which
can be efficiently solved by existing LMI solvers. Numerical simulation is conducted
using Matlab and Simulink. Dynamic controllers are computed by the proposed methods
and compared with the (entire frequency) H_ controller design without introducing the

internal models. Simulation results demonstrate the feasibility and effectiveness of the
proposed design methods in terms of lower Bode diagrams and better time domain

responses.
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