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Abstract
To address the challenges of complex constraints and the tendency to get trapped in local optima in
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optimal power flow (OPF) problems of power systems, a three-stage solution framework that inte-
grates particle swarm optimization (PSO) with regularized dual theory is innovatively constructed.
Firstly, a coarse-grained search algorithm featuring chaotic mapping initialization and an adaptive
penalty mechanism is designed. This algorithm enables the initial solutions to be widely distributed
within the solution space, thus expanding the search scope. Subsequently, the gradient repair of the
constraint boundaries is achieved through regularized dual mapping, which generates a set of strictly
feasible solutions. Finally, a refined search mechanism with multi-strategy collaboration is estab-
lished. Topology migration and Cauchy mutation operations are adopted to slow down the phenom-
enon of population degeneration. When the data of the IEEE-30 bus system is applied to solve the
problem using this proposed method, compared with the traditional particle swarm algorithm, this
method significantly enhances the constraint handling ability and the stability of solution quality.
Specifically, obvious improvements are observed in terms of constraint handling ability and solu-
tion stability. This achievement provides a new and effective approach to solving the optimal power
flow problem in power systems.
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Table 1. Comparison of traditional PSO and improved algorithm
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Table 2. Convergence of the proposed method under different initials
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Figure 1. Comparison of convergence curves between traditional

PSO and the method proposed in this paper
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Figure 2. Comparison of feasible solution proportions of different algorithms
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Figure 3. Comparison of power generation cost fluctuations under load fluctuations
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Figure 4. The proportion of calculation time in each stage
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