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Multi-rate Layered Learning Control of Mineral Grinding Process Subject to

Unreliable Communication

REN Peng-Xu' DAI Wei' ZHANG Qi-Rui' YANG Chun-Yu'

Abstract The operational optimal control of mineral grinding process typically adopt a two-layer structure consist-
ing of the basic loop layer and the operational layer, involving controlled objects operating at different time scales.
The operational layer is characterized by complex dynamic mechanisms that are difficult to model. Moreover, the
problem of different sampling rates and communication packet loss between layers further increases the difficulty of
control design. To address the problems of multi-rate and unreliable communication in the operational optimal con-
trol of mineral grinding process, a multi-rate layered learning control method with communication compensation is
proposed. At the basic loop layer, lifting technology and model predictive control are used to achieve setpoint track-
ing under multi-rate conditions; Building on this, recursive lifting is employed to introduce loop dynamics into the
operational layer, where reinforcement learning technology combined with the Smith predictor is used to design a
fast-slow coupled inverse learning control algorithm with communication compensation. The proposed method ad-
dresses the reliance of performance index weight parameters on empirical manual setting and tuning difficulty by in-
versely learning them from demonstration operation data while updating loop setpoints online, thereby achieving
optimal control of operational indices. The effectiveness of the proposed method is verified by theoretical analysis
and industrial applications.
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ment learning
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Fig.1  Block diagram of multi-rate layered learning control of mineral grinding process subject to

unreliable communication
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