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Abstract: This research introduces an advanced Smart Adaptive Solar-Wind Hybrid Power Generation 

System equipped with an AI-Optimized Luo Converter. Unlike traditional models, the proposed system 

incorporates artificial intelligence (AI) to enhance power efficiency and reliability by dynamically adjusting 

converter parameters based on real-time environmental data. The hybrid framework integrates photovoltaic 

(PV) panels and Permanent Magnet Synchronous Generator (PMSG)-based wind turbines, ensuring 

continuous renewable energy generation. 

The heart of the system lies in its AI-driven maximum power point tracking (MPPT) algorithm, which predicts 

optimal operating points for both solar and wind sources. The modified Luo converter is reconfigured to 

respond adaptively to fluctuating input conditions, maintaining stable output voltage while reducing energy 

losses. A novel predictive energy management strategy uses machine learning models to forecast power 

availability and consumption, allowing seamless switching between energy sources and battery storage.  

key Words - : Maximum Power Point Tracking (MPPT), Artificial  Intelligence (AI), Permanent Magnet 

Synchronous Generator (PMSG),  Photovoltaic (PV). 

I. INTRODUCTION  

            Renewable energy has emerged as a cornerstone of sustainable development, with solar and wind 

power playing pivotal roles in reducing carbon emissions and combating climate change. Hybrid power 

generation systems, which combine solar and wind energy sources, offer a reliable solution to overcome the 

intermittent nature of these renewables. By harnessing the complementary characteristics of solar and wind 

resources, hybrid systems ensure continuous power supply and optimize energy output. 

The existing Solar-Wind Hybrid Power Generation System with a Modified Luo Converter has demonstrated 

improved efficiency in integrating renewable energy sources. However, fluctuations in environmental 

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882 

IJCRT25A5256 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org l13 
 

conditions and load demands pose significant challenges to maintaining stable power output. To address these 

issues, this research proposes an advanced Smart Adaptive Solar-Wind Hybrid Power Generation System 

equipped with an AI-Optimized Luo Converter. 

The proposed system introduces artificial intelligence (AI) algorithms to dynamically control the Luo 

converter’s duty cycle, ensuring real-time maximum power point tracking (MPPT) for both solar and wind 

inputs. This approach minimizes energy losses and enhances voltage stability under varying operating 

conditions. 

Furthermore, the system incorporates a predictive energy management strategy using machine learning 

models to forecast power availability and consumption patterns. This enables proactive decision-making for 

switching between energy sources and battery storage, ensuring uninterrupted power delivery. 

To strengthen grid interaction, an IoT-based monitoring module is integrated, offering real-time data 

visualization, remote fault detection, and system diagnostics. 

This research aims to push the boundaries of hybrid power systems by leveraging AI and IoT technologies, 

fostering a sustainable, intelligent energy solution. The proposed model not only maximizes renewable energy 

utilization but also paves the way for future advancements in clean energy technology.  

 

LITERATURE SURVEY: 

1. AI-Optimized Hybrid Renewable Energy Systems for Smart Grids 

Zhangetal.2021 

This study explores the integration of AI-based optimization techniques in hybrid renewable energy systems, 

focusing on solar and wind power generation.  

2. Luo Converter-Based Power Conditioning in Hybrid Energy Systems 

Kumar&Singh.[2020] 

The paper investigates the effectiveness of Luo converters in hybrid solar-wind energy systems. 

3. Machine Learning-Based Predictive Control for Renewable Energy Optimization 

Chenetal.[2022] 

This research introduces an AI-driven predictive energy management system for hybrid renewable sources. 

4. Advanced Energy Storage Integration in Solar-Wind Hybrid Systems 

Patel&Roy.[2023] 

This paper explores the integration of batteries and super capacitors in hybrid energy systems. 
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5. Performance Evaluation of AI-Assisted Smart Renewable Energy Systems 

Lopez&Garcia.[2023] 

The study examines the implementation of AI-driven control systems in renewable energy networks.  

PROPOSED SYSTEM: 

The proposed Smart Adaptive Solar-Wind Hybrid Power Generation System introduces advanced 

technologies to overcome the limitations of the existing model. It integrates Artificial Intelligence (AI) and 

Internet of Things (IoT) to optimize renewable energy generation, storage, and distribution. 

At its core, the system features an AI-optimized Luo converter that dynamically adjusts its duty cycle based 

on real-time environmental data. This allows the converter to efficiently track the Maximum Power Point 

(MPPT) for both solar panels and wind turbines, ensuring maximum energy harvesting despite fluctuating 

conditions. 

A predictive energy management system powered by machine learning algorithms forecasts power generation 

and consumption patterns. This intelligent control helps balance power distribution between solar, wind, 

battery storage, and the load, reducing grid instability and power fluctuations. 

The AI-driven control strategy not only stabilizes grid interaction but also supports seamless transitions 

between power sources, ensuring a continuous power supply. 

BLOCK DIAGRAM: 

 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882 

IJCRT25A5256 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org l15 
 

HARDWARE DETAILS: 

1. Power USB 

Arduino board can be powered by using the USB cable from your computer. All you need to do is connect 

the USB cable to the USB connection. 

2.Voltage Regulator 

The function of the voltage regulator is to control the voltage given to the Arduino board and stabilize the DC 

voltages used by the processor and other elements. 

3.Crystal Oscillator 

The crystal oscillator helps Arduino in dealing with time issues. How does Arduino calculate time? The 

answer is, by using the crystal oscillator. The number printed on top of the Arduino crystal is 16.000H9H. It 

tells us that the frequency is 16,000,000 Hertz or 16 MHz. 

4.ICSP pin 

Mostly, ICSP (12) is an AVR, a tiny programming header for the Arduino consisting of MOSI, MISO, SCK, 

RESET, VCC, and GND. It is often referred to as an SPI (Serial Peripheral Interface), which could be 

considered as an "expansion" of the output. Actually, you are slaving the output device to the master of the 

SPI bus. 

POWER SUPPLY : 

Power supply is a reference to a source of electrical power. A device or system that supplies electrical or other 

types of energy to an output load or group of loads is called a power supply unit or PSU. The term is most 

commonly applied to electrical energy supplies, less often to mechanical ones, and rarely to others. 

 

A 230v, 50Hz Single phase AC power supply is given to a step down transformer to get 12v supply. This 

voltage is converted to DC voltage using a Bridge Rectifier. 

RECTIFIER: 

A rectifier is an electrical device that converts alternating current to direct current or at least to current with 

only positive value, a process known as rectification. 
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CIRCUIT DIAGRAM: 

 

 

 

 

 

 

 

 

 

WORKING PRINCIPLE: 

The Luo converter is derived from the Voltage Lift Technique (VLT) and operates by lifting the output voltage 

in a controlled manner. It can function in step-up (boost) or step-down (buck) modes, making it highly 

adaptable for renewable energy applications. The key features include: 

Voltage Gain Enhancement: The Luo converter provides higher voltage gain than conventional boost 

converters, making it ideal for low-voltage solar panels or wind turbines. 

Reduced Output Ripple: The inductor and capacitor filtering mechanisms ensure low output voltage 

fluctuations, leading to better efficiency and longer battery life in energy storage systems. 

Improved Power Quality: The converter reduces electromagnetic interference (EMI) and enhances dynamic 

response to varying input conditions. 

CONCLUSION: 

The AI-Driven Smart Adaptive Solar-Wind Hybrid Power Generation System integrates solar and wind 

energy with an optimized Luo converter and AI-based predictive energy management to achieve high 

efficiency, reliability, and sustainability. This system addresses the inherent intermittency issues of renewable 

energy sources by utilizing advanced power electronics and intelligent control strategies. 

In conclusion, this AI-driven hybrid renewable energy system presents a sustainable, intelligent, and future-

ready solution for efficient power generation and management. By combining advanced AI algorithms, 
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optimized power electronics, and energy storage solutions, the system ensures maximized renewable energy 

utilization and enhanced energy security for diverse applications. 

The Luo converter ensures stable voltage regulation, enhancing power conversion efficiency while reducing 

ripple and losses. Additionally, the integration of super capacitors provides rapid energy buffering, ensuring 

smooth power delivery even under fluctuating environmental conditions. AI-driven predictive energy 

management further optimizes energy distribution, load balancing, and fault detection, making the system 

adaptive and self-sustaining. 

This hybrid approach offers numerous benefits, including higher energy efficiency, lower operational costs, 

and improved grid stability. The system is highly suitable for applications such as off-grid electrification, 

smart grids, industrial power backup, and electric vehicle charging stations. 
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