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Research on congestion fuzzy PID algorithm for high-speed rail wireless
ad hoc networks based on particle swarm optimization
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Abstract: When high-speed trains utilize wireless ad hoc networks for train-ground communication, they often face congestion
issues. Active queue management control methods are crucial for addressing network congestion. Currently, most control algorithms
employ Proportional-Integral-Derivative (PID) control, with their design and optimization largely relying on empirical methods.
However, high-speed rail wireless ad hoc network systems exhibit characteristics such as decentralized control, node mobility, and
multi-hop wireless connections, which result in significant time-delay in their transfer functions. The performance of classical PID
control lacks robustness in such scenarios. This paper proposes a congestion fuzzy PID control algorithm for wireless ad hoc
networks based on Particle Swarm Optimization (PSO). It uses Padé approximation to model the time-delay and establish the
network’s transfer function, employs fuzzy PID control for regulation, and applies the particle swarm algorithm to optimize the fuzzy
PID parameters. Through MATLAB/SIMULINK simulation experiments and comparisons with classical PID and fuzzy PID control,
the results demonstrate the significant superiority of the proposed method.
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Table 1 Fuzzy control rule table

BT iR AT il iy
1 e == Negative & ce ==Negative uw = Min
2 e == Negative & ce == Positive u = Zero
3 e == Positive & ce == Negative w = Zero
4 e == Positive & ce == Positive u = Max
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Table 3 Parameter list of particle swarm optimization algorithm

28 B
Function Tolerance 0. 000 001
Inertia Range [0.1,1.1]
Initial Swarm Span 2 000
Max Iterations 800
Max Stall Iterations 20
Max Stall Time 0.25
Self Adjustment Weight 1.49
Social Adjustment Weight 1.49
Swarm Size 100
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