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Abstract

Due to the challenges associated with traditional PID controllers, such as the complexity of parame-
ter tuning, delayed real-time adjustment, and limitations in adapting to varying operating conditions,
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this study proposes a BP neural network optimization strategy based on the Artificial Bee Colony
(ABC) algorithm. The research demonstrates that the ABC algorithm, which simulates the foraging
behavior of bees, significantly enhances the BP neural network’s exploration capabilities in the pa-
rameter space. This approach effectively maintains the diversity of the particle swarm, establishing
an efficient self-adaptive adjustment framework for PID control parameters. As a result, it success-
fully overcomes the performance degradation caused by parameter mismatch, ensuring the stability
and robustness of the control system under complex operating conditions. This study provides a
solid foundation and strong support for improving the overall performance of the control system.
The ABC algorithm proves to be highly reliable in enhancing BP neural network performance and
offers both a theoretical basis and a paradigm for the innovation of PID control.
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Figure 1. Flowchart of the PID control algorithm
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Figure 2. Structure of a BP neural network
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Figure 3. BP-PID control network flowchart
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Figure 4. Artificial Bee Colony (ABC) algorithm structure diagram
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Figure 5. ABC optimized PID controller block diagram
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Figure 6. Step response comparison of systems
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