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Coordinate Control of Multiple CSPS System Based on State Aggregation Method

TANG Hao'? PEI Rong? ZHOU Lei? TAN Qi

Abstract In a single conveyor-serviced production station (CSPS) system, we can learn an approximate optimal look-
ahead policy by reinforcement learning (RL) through exploring the state-action space. However, for the coordinate control
problem in a multiple CSPS system, the state space will grow exponentially or geometrically as the number of stations
and the capacity of buffer increase. As a result, the learning process will suffer from the curse of dimensionality, which
may have a negative influence on convergence speed and optimized value. Therefore, by combining a local information
interaction mechanism among stations, we introduce a state aggregation method to reduce the size and complexity of
each station’s leaning space. Firstly, each station is regarded as an independent learning agent that incorporates only the
buffer state of its nearest downstream station into its own learning process. Secondly, the original state space is divided
into several disjoint sets and each set is represented by an abstract state, and a multiple-agent state aggregation feedback
Q-learning (SAFQL) algorithm is proposed afterwards. Through our proposed approach, the agent can learn an optimized
look-ahead policy over the abstract state space to improve the entire system’s processing rate. Finally, we demonstrate by
a numerical example that, in comparison to general feedback Q-learning algorithm, SAFQL algorithm can not only fasten
the convergence speed, but also improve the processing rate in some degree.

Key words Multiple conveyor-serviced production station (CSPS), local information interaction, state aggregation,
feedback Q-learning (SAFQL)
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Fig.6 The system processing rates of the two algorithms
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Table 2  The system state space and convergence steps of the two algorithms under different capacities of the buffer
PERER bR M=5 M=7 M=9 M=11 M =13
i B R FQL (6, 1296) (8, 4096) (10, 10 000) (12, 20736) (14, 38 416)
SAFQL (4, 256) (4, 256) (4, 256) (4, 256) (4, 256)
WA B4 He (%) (33.3, 80.2) (50, 93.8) (60, 97.4) (66.6, 98.7) (71.4, 99.3)
YRR A FQL 0.9103 0.916 0.9179 0.9140 0.9132
SAFQL 0.9141 0.9293 0.9379 0.9422 0.9454
B A (%) 40 15 22 31 35
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Fig.8 The processing rates of SAFQL algorithm under
different capacity of the buffer
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