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(57) Abstract :

This invention introduces a new way to improve power quality in hybrid microgrids, which are small power systems combining renewable energy sources like solar
panels and wind turbines with battery storage, operating in both AC and DC modes. It uses a smart control system called Adaptive Neuro-Fuzzy Inference System
(ANFIS), which blends machine learning techniques—neural networks and fuzzy logic to tackle issues like voltage drops, spikes, frequency changes, and unwanted
electrical noise (harmonics). The method starts by modelling how solar, wind, and battery systems generate and store power, using equations to predict their behaviour
under different conditions. ANFIS then processes data like weather, power demand, and battery charge to make real-time decisions, controlling devices such as unified
power quality conditioners (UPQC) to stabilize voltage and reduce harmonics. Advanced optimization techniques, like Firebug Swarm Optimization and Elephant
Herding Optimization, fine-tune the system for better accuracy and efficiency. The invention also includes forecasting with Support Vector Regression and
reinforcement learning to manage energy flow, ensuring smooth operation even during sudden changes. Tested in simulations using tools like MATLAB/Simulink, this
approach achieves lower harmonic distortion (below 5%), faster response times, and reliable power delivery compared to traditional methods, making microgrids more
efficient and sustainable for modern energy needs.
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