Highlights
1. An adaptive LQR controller is proposed, and an active pantograph control model is established by integrating the intelligent optimization algorithm with adaptive LQR. This model can provide valuable references for the design and optimization of the pantograph-catenary system based on simulation results, thereby improving the current collection stability and reliability of the system.

2. To address the drawbacks of the dandelion optimization algorithm, such as its tendency to fall into local optima and slow convergence speed, this paper introduces several improvements to the algorithm and proposes a Multi-strategy integrated Dandelion Optimization (MDO) algorithm to optimize the model parameters. This enhancement increases the computational speed and prediction accuracy of the model.

3. To ensure the reliability and efficiency of the improved algorithm during the optimization process, the convergence of the MDO algorithm is rigorously proved, demonstrating that the algorithm achieves strict convergence.
