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Abstract: Considering that the communication channel of networked control systems (NCSs) is capacity limited, this
paper investigates a control-communication co-design problem by using the slotted ALOHA protocol. Each sampling time
interval is divided into several time slots, in each of which the distributed sensors randomly contend to access the commu-
nication channel based on the slotted ALOHA protocol. As the access states of the sensors change in different sampling
time periods, the closed-loop NCSs switch among subsystems that are modeled from the original NCSs. Accordingly, a
discrete time switch system model is built in this paper, and sufficient conditions that can ensure the exponential stability of
the NCSs are derived by applying the piecewise Lyapunov function method and the average dwell time approach. Then, the
lower bound of the communication throughput to guarantee the exponential stability of the NCSs is provided. Moreover,
the quantitative relation between the maximum number of retransmissions in the slotted ALOHA protocol and the attenua-
tion rate of the NCSs is derived. Based on these results, a control-communication co-design method is proposed such that
the control gain matrix and the slotted ALOHA protocol can be designed simultaneously. Finally, a numerical simulation
example illustrates the effectiveness of the proposed co-design method.
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Fig. 1 The diagram of a networked control system
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