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Abstract: The community detection algorithm is used to study a subsystem decomposition method of a complex
nonlinear chemical system, and a distributed model predictive control design is carried out. The nodes of
information graph were used to represent the state variables, input variables and output variables of nonlinear
system. The weighted directed graph of nonlinear process system was then constructed. The nodes were connected
by weighted edges and the weight reflects the strength of the connection between nodes. Thus, the weighted directed
graph can better reflect the internal connectivity and connection strength of the system. The community structure
detection algorithm was used to divide all variables into the combination of subsystems to get the subsystem
decomposition of complex nonlinear system. The correlation within each group was much stronger than the
interaction between different groups. For the process of continuous stirred tank reactor, the subsystem
decomposition was implemented and the distributed model predictive control algorithm was designed. The results
show that the proposed subsystem decomposition method can take the connection weight of subsystems into account,
which is more conducive to improve the performance of chemical process system with distributed model predictive

control.
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Fig.1  Flowchart of the proposed subsystem decomposition

method of nonlinear systems.
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Fig.3 Temperature and input trajectories of the nominal closed—loop system under Decomposition 1 (blue dash dotted line),

Decomposition 2 (red solid line), and Decomposition 3 (black dotted line)
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Table 4 Performance index (J) and CPU time of distributed MPC with different decomposition models and centralized
MPC in five runs
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Fig.4 The temperature and input trajectories of distributed LMPC when iteration times is 1(red solid line), 2

(black dotted line) and 3

(blue dash dotted line)
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Table 5 Performance index and CPU time of distributed

LMPC with different iteration times
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