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Abstract: The proposed hybrid charging topology aims to address key inefficiencies in existing Multi-

Power Source (MPS) systems by integrating intelligent control mechanisms with multiple energy 

sources, including grid, solar, and storage battery. A Microcontroller Unit (MCU) forms the core of 

the system, orchestrating seamless transitions between energy sources based on availability and 

demand. The system optimizes solar energy utilization by dynamically adjusting charging parameters 

to match battery voltage, thereby maximizing the efficiency of photovoltaic panels. Furthermore, it 

incorporates multiple charging levels to ensure optimal battery health and longevity. Additionally, the 

system features an output power system equipped to utilize surplus solar energy for powering small 

DC loads, enhancing overall energy utilization. Through rigorous testing in diverse environmental 

conditions, the proposed hybrid charging topology demonstrates reliability and efficiency, offering 

promising avenues for sustainable energy utilization and advancing power electronics technology 
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I. INTRODUCTION 

1.1 Overview 

In today's energy landscape, the demand for sustainable and efficient power solutions has become paramount. As 

traditional energy sources face scrutiny due to environmental concerns and finite availability, there's a pressing 

need to innovate and adopt renewable energy technologies. Among these, hybrid charging systems have emerged 

as a promising avenue, offering the flexibility to harness multiple energy sources such as solar, grid, and storage 

batteries. These systems integrate intelligent control mechanisms to optimize energy utilization, ensuring seamless 

transitions between sources based on availability and demand. 

The development of hybrid charging topologies represents a significant advancement in the realm of renewable 

energy integration. By leveraging microcontroller units (MCUs) and sophisticated algorithms, these systems can 

dynamically adjust charging parameters to maximize the efficiency of photovoltaic panels while prolonging 

battery life. This intelligent control allows for the effective utilization of solar energy, even in non-ideal 

conditions, thereby reducing reliance on traditional grid power and minimizing environmental impact. 

Furthermore, hybrid charging systems offer versatility and resilience in diverse environmental conditions. 

Rigorous testing in harsh environments ensures their reliability and trouble-free operation, making them suitable 

for a wide range of applications, from remote off-grid locations to urban settings with intermittent power supply. 

By effectively combining different energy sources and employing intelligent processing techniques, these systems 

pave the way for sustainable energy solutions that are both efficient and dependable. 

As research and development in the field of hybrid charging continue to progress, new avenues for innovation and 

optimization emerge. From enhancing energy storage technologies to refining control algorithms, ongoing efforts 

aim to further improve the performance and scalability of hybrid charging systems. Ultimately, these 

advancements hold the potential to drive the transition towards a more sustainable and resilient energy future, 

addressing both environmental concerns and energy security challenges on a global scale. 
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1.2 Motivation 

The motivation behind the development of hybrid charging topologies stems from the imperative to address the 

challenges posed by traditional energy systems while advancing towards a sustainable future. With growing 

concerns about environmental degradation and energy security, there's a pressing need to transition towards 

renewable energy sources. Hybrid charging systems offer a compelling solution by leveraging multiple energy 

sources, optimizing their utilization through intelligent control, and enhancing overall efficiency and reliability. 

By harnessing the power of renewable energy technologies, these systems not only mitigate environmental impact 

but also contribute to energy independence and resilience in the face of fluctuating energy markets and climate 

change. Thus, the motivation lies in creating a more sustainable, efficient, and resilient energy infrastructure that 

can meet the demands of today while safeguarding the needs of future generations. 

 

1.3 Problem Definition and Objectives 

Current Multi-Power Source (MPS) systems lack efficient management of energy sources, resulting in suboptimal 

utilization, battery degradation, and increased electricity costs. Addressing these issues requires the development 

of intelligent hybrid charging topologies that seamlessly integrate renewable energy sources and optimize energy 

management. 

 To study the shortcomings of existing MPS systems. 

 To develop intelligent control mechanisms for seamless energy source integration. 

 To optimize photovoltaic energy utilization through dynamic charging algorithms. 

 To enhance battery longevity and efficiency through precise charging control. 

 To validate the performance and reliability of the proposed hybrid charging topology through rigorous testing 

in diverse environmental conditions. 

 

1.4. Project Scope and Limitations 

This project aims to design, develop, and validate a hybrid charging topology for Multi-Power Source (MPS) 

systems, focusing on seamless integration of renewable energy sources, intelligent energy management, and 

optimization of energy utilization. The scope encompasses the implementation of microcontroller-based control 

mechanisms, dynamic charging algorithms, and rigorous testing to ensure reliability and efficiency in various 

operating conditions. 

 

Limitations As follows: 

 The project scope is limited to the design and development of the hybrid charging topology and its 

validation through simulation and prototype testing. 

 Due to resource constraints, the implementation may be limited to specific hardware platforms and 

software environments. 

 The project does not address large-scale deployment or integration with complex grid systems, focusing 

instead on standalone or small-scale applications. 

 

II. LITERATURE REVIEW 

Title: "Optimization of Energy Management in Hybrid Renewable Energy Systems using Intelligent 

Control Techniques" 

Abstract: This paper investigates the optimization of energy management in hybrid renewable energy systems 

(HRES) through the implementation of intelligent control techniques. It explores various control strategies, such 

as fuzzy logic, neural networks, and genetic algorithms, to effectively manage the integration of multiple energy 

sources, including solar, wind, and battery storage. The study evaluates the performance of these techniques in 

terms of energy efficiency, system stability, and cost-effectiveness, highlighting their potential to enhance the 

reliability and sustainability of HRES. 
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Key Findings: The paper identifies fuzzy logic control as a promising approach for optimizing energy 

management in HRES, offering robustness against uncertainties and dynamic operating conditions. Neural 

network-based predictive control methods demonstrate improved performance in forecasting energy generation 

and demand, leading to more efficient utilization of renewable resources. Additionally, genetic algorithms prove 

effective in optimizing system parameters and scheduling energy dispatch, further enhancing overall system 

performance and economic viability. 

Title: "Advanced Battery Management Systems for Hybrid Electric Vehicles: A Review" 

Abstract: This review paper provides an overview of advanced battery management systems (BMS) for hybrid 

electric vehicles (HEVs), focusing on the integration of multiple energy sources and intelligent control algorithms. 

It examines recent advancements in battery technology, including lithium-ion, nickel-metal hydride, and solid-

state batteries, and discusses the challenges associated with their integration into HEV powertrains. The study 

evaluates the role of BMS in enhancing battery performance, extending service life, and ensuring safe and 

efficient operation of HEV systems. 

Key Findings: The review highlights the importance of sophisticated BMS algorithms in optimizing battery 

charging and discharging processes, balancing cell voltages, and monitoring system health. Advanced state-of-

charge (SOC) estimation techniques, such as Kalman filtering and adaptive observers, enable accurate prediction 

of battery behavior and optimization of energy management strategies. Additionally, the integration of BMS with 

vehicle control systems allows for real-time optimization of power distribution and regenerative braking, leading 

to improved fuel efficiency and reduced emissions in HEVs. 

Title: "Intelligent Control Strategies for Maximum Power Point Tracking in Photovoltaic Systems: A 

Review" 

Abstract: This paper presents a comprehensive review of intelligent control strategies for maximum power point 

tracking (MPPT) in photovoltaic (PV) systems. It explores various MPPT algorithms, including perturb and 

observe (P&O), incremental conductance (INC), and model predictive control (MPC), and evaluates their 

performance in terms of tracking efficiency, convergence speed, and stability. The study investigates the 

integration of advanced control techniques, such as fuzzy logic, neural networks, and adaptive algorithms, to 

enhance the MPPT capability of PV systems under dynamic operating conditions. 

Key Findings: The review identifies fuzzy logic-based MPPT algorithms as effective solutions for mitigating the 

effects of partial shading, temperature variations, and nonlinearities in PV arrays. Neural network-based 

approaches demonstrate superior performance in learning complex relationships between input variables and 

optimizing MPPT parameters in real-time. Additionally, adaptive control techniques offer flexibility in adjusting 

MPPT algorithms based on environmental conditions and system dynamics, leading to improved energy 

harvesting efficiency and reliability in PV systems. 

Title: "Integration of Renewable Energy Sources in Microgrid Systems: A Review" 

Abstract: This review paper examines the integration of renewable energy sources (RES) in microgrid systems, 

focusing on the design, control, and operation aspects. It discusses the challenges and opportunities associated 

with the integration of solar, wind, hydro, and biomass resources into microgrid networks, highlighting the 

importance of intelligent control strategies and energy management systems. The study evaluates recent 

advancements in microgrid technologies, including distributed generation, energy storage, and grid-tied inverters, 

and discusses their impact on system performance, reliability, and sustainability. 

Key Findings: The review identifies grid-forming control strategies as essential for maintaining stability and 

synchronization in microgrid systems with high penetration of RES. Advanced energy management systems 

enable optimal scheduling and dispatch of renewable energy resources, considering factors such as weather 

forecast, demand response, and energy storage capacity. Furthermore, the integration of smart grid technologies, 

such as demand-side management and real-time monitoring, enhances the resilience and flexibility of microgrid 

networks, enabling seamless transition between grid-connected and islanded modes of operation. 

Title: "Enhanced Battery Charging Algorithms for Off-Grid Renewable Energy Systems: A Review" 

Abstract: This review paper investigates enhanced battery charging algorithms for off-grid renewable energy 

systems (RES), focusing on improving charging efficiency, battery life, and system reliability. It examines 
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various charging techniques, including constant voltage (CV), constant current (CC), and pulse-width modulation 

(PWM), and evaluates their performance in terms of energy conversion efficiency, charging time, and battery 

health. The study explores the integration of advanced control algorithms, such as fuzzy logic, neural networks, 

and adaptive charging strategies, to optimize battery charging processes and enhance overall system performance. 

Key Findings: The review identifies adaptive charging algorithms as effective solutions for optimizing battery 

charging parameters based on dynamic operating conditions, such as load demand, battery state-of-charge (SOC), 

and renewable energy availability. Fuzzy logic-based charging controllers demonstrate robustness against 

uncertainties and variations in system parameters, leading to improved charging efficiency and battery longevity. 

Neural network-based approaches offer accurate prediction of battery behavior and optimal adjustment of 

charging parameters, ensuring safe and efficient operation of off-grid RES systems. Additionally, the integration 

of advanced battery management systems (BMS) with charging algorithms enables real-time monitoring and 

control of battery health, contributing to enhanced system reliability and performance. 

 

III. REQUIREMENT AND ANALYSIS 

LM7805: 

The LM7805 is a widely used voltage regulator integrated circuit (IC) that maintains a stable output voltage of 5 

volts. Here's a detailed breakdown: 

Specifications: 

Output Voltage: 5 volts 

Output Current: Up to 1 ampere 

Input Voltage Range: Typically 7 volts to 25 volts 

Dropout Voltage: Typically 2 volts 

Thermal Overload Protection: Shuts down the regulator in case of excessive heat 

Short Circuit Protection: Safeguards the IC and connected components in case of a short circuit 

Safe Operating Area Protection: Protects the output transistor from damage under various conditions 

Relay: 

A relay is an electrically operated switch that controls high-voltage circuits with low-power signals. Let's delve 

into its details: 

Specifications: 

Coil Voltage: Typically 5 volts or 12 volts (depends on the relay model) 

Contact Ratings: Usually rated for both AC and DC currents, ranging from milliamps to tens of amps 

Contact Configuration: Single pole single throw (SPST), single pole double throw (SPDT), double pole single 

throw (DPST), or double pole double throw (DPDT) 

12V Power Supply: 

This power supply circuit is designed to convert higher input voltages, such as those from a 12V battery, to a 

regulated 5V output using the LM7805 voltage regulator. Here's a detailed explanation: 

Circuit Components: 

LM7805 Voltage Regulator: This IC regulates the input voltage to a stable 5 volts output. 

Input Capacitor: A capacitor placed at the input side of the regulator helps filter out noise and stabilize the input 

voltage. 

Output Capacitor: Another capacitor placed at the output side of the regulator helps filter out any remaining noise 

and ensures a stable output voltage. 

Battery: 

The 12V 2Ah rechargeable lead-acid battery is a commonly used power source in robotics and other applications. 

Here's a detailed overview: 

Specifications: 

Voltage: 12 volts 

Capacity: 2 ampere-hours (Ah) 

Chemistry: Lead-acid 
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16*2 LCD Display: 

The 16*2 LCD display module is a common component used in electronic devices for visual output. Here's a 

detailed breakdown: 

Specifications: 

Display Size: 16 characters per line, 2 lines 

Piezoelectric Buzzer: 

The piezoelectric buzzer is a compact sound-producing component commonly used in electronic devices. Here's 

an in-depth look: 

Specifications: 

Operating Voltage: 3-6 volts DC 

Current Consumption: Typically around 25mA 

Sound Level: Around 87dB 

Solar Panel: 

Solar panels are devices that convert light energy into electrical energy.  

Here's a detailed overview: 

Working Principle: 

Photovoltaic cells within the panel absorb sunlight and generate a flow of electrons, creating a direct current (DC) 

output. 

This DC output can be used to power various electronic devices and circuits directly or stored in batteries for later 

use. 

PIC 18F4520: 

The PIC18F4520 is a microcontroller unit (MCU) with versatile features suitable for a wide range of embedded 

systems applications. Let's delve into its details: 

Data Memory: 

Capacity: The PIC18F4520 has data memory of up to 4 kilobytes (4k bytes). 

Addressing: The data memory is mapped with a 12-bit address bus, allowing access to addresses ranging from 

000 to FFF. 

Banks: The data memory is divided into 256-byte banks. In total, there are F (or 16) banks available. 

Virtual Banks: Half of bank 0 and half of bank 15 form a virtual (or access) bank that is always accessible, 

regardless of which bank is currently selected. This selection is done via 8-bit addressing. 

 

IV. SYSTEM DESIGN 

4.1 Proposed Methodology 

The primary function of a rectifier in an electric vehicle (EV) charging system is to convert the alternating current 

(AC) from the grid or solar panels into direct current (DC) suitable for charging the vehicle's battery. This 

rectification process is essential as EVs operate on DC power, which is stored in their batteries. When connected 

to a supercharger, the onboard rectifier ensures that high voltage, high current DC electricity can be efficiently 

delivered to the EV battery, enabling rapid charging. 

Solar-powered charging stations harness energy from the sun through solar panels installed on their roofs. These 

panels convert solar energy into electricity, which is then used to power the charging stations. By utilizing solar 

power, these stations reduce dependency on the grid and help conserve fossil fuels, thereby mitigating 

environmental pollution and contributing to sustainability efforts. 

The significance of electric vehicles in India stems from the pressing need to address issues related to population 

growth, pollution, and rising petroleum prices. EVs offer a cleaner and more sustainable alternative to traditional 

gasoline-powered vehicles, helping to reduce emissions and reliance on fossil fuels. Additionally, EVs provide a 

safer mode of transportation, especially in urban areas, with speed limits enforced for enhanced safety. Charging 

speed varies depending on factors such as the EV's battery capacity and the type of charging system used, whether 

AC or DC. 
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Charging stations come in different types, each offering distinct charging capabilities. AC charging stations 

directly supply AC power to the vehicle, with Level 1 providing slower charging through a standard household 

outlet and Level 2 offering faster charging at higher voltages and amperages. On the other hand, DC charging 

stations employ rectification to convert AC to DC before supplying power to the vehicle, with Level 3, or DC fast 

charging, delivering high-power DC to quickly charge the EV's battery, typically up to 80% capacity in a short 

time. 

The below figure specified the system architecture of our project. 

 
Figure 4.3: System Architecture 
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4.2 Circuit Diagram 

The below figure specified the circuit diagram of our project. 

 
Figure 4.2: Circuit Diagram 

 

4.3 Result 

The implementation of the hybrid charging topology has demonstrated promising results in advancing electric 

vehicle (EV) charging infrastructure. By integrating rectifiers for AC to DC conversion and incorporating solar-

powered charging stations, the system has achieved efficient and sustainable charging capabilities. This approach 

not only ensures rapid charging of EV batteries but also significantly reduces reliance on conventional grid 

electricity, leading to cost savings and environmental benefits. Overall, the hybrid charging topology represents a 

significant step forward in the design and development of robust and eco-friendly EV charging systems, paving 

the way for widespread adoption of electric vehicles. 

Furthermore, the hybrid charging topology enhances the resilience and scalability of the EV charging network. By 

diversifying the sources of electricity through the integration of solar power, the system becomes less susceptible 

to grid disruptions and fluctuations in energy prices. This increased resilience ensures uninterrupted charging 

services, even during grid outages or peak demand periods. Moreover, the modular design of the system allows 

for easy expansion and adaptation to meet growing demand for EV charging infrastructure, supporting the 

transition towards a greener and more sustainable transportation ecosystem. 
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V. CONCLUSION 

Conclusion 

This project presenting topology of hybrid charging system for sort of electric vehicle, which is generally used to 

reduce use of non-renewable source of energy, which is fairly significant. This study develops a system that 

provide a circuit by which we can charge EV’s using solar as well as grid power, to mostly reduce pollutants 

emission from power generation and transportation sector in a suitable way. 

 

Future Work 

Here we can also implement a fine adjuster of output DC voltage level to power large possible and even tiny 

loads. A voltmeter can also integrate for this purpose at the output section to make this as user-friendly as 

possible. 

The future of auto charging stations includes faster charging, wireless charging, and increased integration into 

daily life. Auto charging stations play a significant role in reducing emissions, costs, and dependence on oil in the 

transportation industry. 

Faster Charging: Charging time will decrease significantly in the future. Currently, charging an electric car takes 

about 30 minutes to an hour. However, researchers are working on technologies that can charge electric vehicles 

in five minutes or less. This will make charging more convenient and efficient for drivers. 

Wireless Charging: Wireless charging is the future of auto charging. It will allow electric vehicles to charge 

without the need for cables and connectors. This technology will simplify the charging process and make it more 

accessible for people who live in apartments or houses without a garage. 
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