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Abstract: Driven by energy transition and the “dual carbon” goals, islanded microgrids serve as flexible and reliable
distributed energy carriers. Their multi-mode switching control, such as grid-connected/islanded operation mode switching
and internal multi-energy coordination switching during islanded operation, is crucial for ensuring power supply quality,
system stability and economic efficiency. However, with the continuous expansion and increasing complexity of islanded
microgrids, multiple operational challenges emerge: strong nonlinear couplings internally,external uncertain random distur-
bances, parameter uncertainties, and high control costs and complexity. These issues can lead to switching instability and
poor transient performance. Microgrid switched systems enable mutual switching among internal energy sources and can al-
so connect to the main grid, allowing transitions between grid-connected and islanded modes, with more complex dynamic
characteristics and operational conditions. This paper focuses on a nonlinear switching system of microgrids with planned is-
landing, where the nonlinear characteristics between grid-connected and islanded modes intensify coupling relationships

among variables and disturbances may cause chattering or even system instability. First, an improved cross backstepping
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sliding mode variable control (ICBSMVC) is employed to decouple non-strict feedback systems,utilizing a barrier Lyapu-
nov function to enhance convergence speed. Second, error compensation and sliding mode control are integrated to improve
system robustness and an improved extended state observer is designed to compensate for external stochastic uncertainties.
Additionally, dynamic surface control (DSC) is adopted to mitigate the “explosion in computation” problem. Finally, com-
bining the Harris Hawk optimization algorithm and the sardine swarm optimization algorithm, a hybrid sardine swarm opti-
mization algorithm is proposed to achieve smooth switching between grid-connected and islanded modes under external dis-
turbances,enabling rapid and stable microgrid switching control while ensuring voltage and frequency stability. Simulation
experiments on the Matlab platform validate the effectiveness of the proposed control method. Numerical examples demon-
strate that the improved extended state observer can track disturbance signals more quickly, with zero tracking error and no
chattering. The modified fal function enables more accurate estimation of external disturbances, ensuring rapid stabilization
during microgrid switching and reducing steady-state errors. The proposed method achieves frequency stabilization at 50 Hz
within 0.16 s when transitioning from islanded to grid-connected mode and restores frequency to 50 Hz within 0.166 s when

switching from grid-connected to islanded mode. Voltage waveforms exhibit minimal abrupt changes during mode transi-
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tions, confirming the effectiveness of the control method.
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