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ABSTRACT 

This project  reviews the challenges and opportunities of integrated on-board chargers (iOBCs) 

for electric vehicles (EVs), which combine the charging function with the traction drivetrain. 

iOBCs can reduce the cost and volume of the charging system, but also pose several technical 

issues, such as torque production, current filtering, power factor correction, and leakage 

current. The paper focuses on the safety aspects of iOBCs, especially the compliance with the 

standards for touch and ground current limits. The paper provides a comprehensive overview 

of the existing iOBC architectures, classified into isolated and non-isolated, and further 

subdivided into three-phase and multi-phase machines. The paper also discusses the possible 

solutions to reduce the leakage current, such as different modulation techniques, converter 

topologies, and filtering methods. Moreover, the paper presents the perspectives on using the 

machine as a low-frequency isolation transformer, which can provide galvanic isolation and 

avoid leakage current. The paper concludes with some remarks on the future trends and 

challenges of iOBCs. 

I INTRODUCTION 

In today's rapidly evolving automotive landscape, electric vehicles (EVs) stand as the 

cornerstone of sustainable transportation, offering a promising solution to mitigate the 

environmental impact of traditional internal combustion engine vehicles. Central to the 

performance and convenience of electric vehicles is the integrated on-board battery charger, a 

critical component responsible for efficiently and safely replenishing the vehicle's energy 

storage system from the power grid or alternative energy sources. This essay delves into the 

design and enhancement of such integrated on-board electric vehicle battery chargers, 

leveraging the power of MATLAB and SIMULINK to explore various aspects of their 

functionality and performance optimization. Electric vehicles represent a paradigm shift in 

transportation, aiming to reduce greenhouse gas emissions, decrease reliance on fossil fuels, 

and promote energy sustainability. As the global automotive industry undergoes a significant 

transition towards electrification, the demand for efficient, compact, and reliable on-board 

battery chargers has intensified. These chargers serve as the interface between the electrical 

grid or renewable energy sources and the vehicle's battery pack, facilitating the seamless 

transfer of energy while adhering to stringent safety and regulatory standards. 

 

The integration of on-board battery chargers within electric vehicles introduces a myriad of 

engineering challenges and opportunities. From power electronics design and thermal 

management to control algorithms and grid interaction, every aspect of charger development 

requires meticulous attention to detail to ensure optimal performance and user experience. 

MATLAB and SIMULINK emerge as indispensable tools in this endeavor, offering a 

comprehensive platform for modeling, simulation, and prototyping of electric vehicle systems. 
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At the heart of an integrated on-board electric vehicle battery charger lies the power conversion 

topology, which dictates the efficiency, size, and cost-effectiveness of the charger. Traditional 

charger architectures, such as buck, boost, and buck-boost converters, provide a foundation for 

charger design, but advancements in semiconductor technology and control strategies have 

spurred the development of innovative topologies tailored to the unique requirements of 

electric vehicles. Through MATLAB and SIMULINK simulations, engineers can explore the 

performance trade-offs associated with different converter topologies, optimize component 

selection, and validate control algorithms in a virtual environment before hardware 

implementation. 

 

In addition to power conversion, thermal management plays a pivotal role in the design of on-

board battery chargers, as efficient heat dissipation is essential for maintaining component 

reliability and prolonging system lifespan. MATLAB enables engineers to model the thermal 

behavior of charger components and predict temperature profiles under various operating 

conditions, facilitating the design of effective cooling systems and heat sinks to mitigate 

thermal stress and ensure optimal performance. Furthermore, the integration of smart charging 

algorithms enhances the functionality and versatility of on-board battery chargers, enabling 

bidirectional power flow, grid support services, and vehicle-to-grid (V2G) capabilities. 

MATLAB and SIMULINK empower engineers to develop and implement sophisticated control 

strategies, such as pulse-width modulation (PWM), maximum power point tracking (MPPT), 

and power factor correction (PFC), to optimize charger efficiency, minimize charging time, and 

support grid stability objectives. By leveraging real-time data from vehicle sensors, grid 

infrastructure, and environmental conditions, smart charging algorithms can dynamically 

adjust charging parameters to accommodate user preferences, energy tariffs, and grid 

constraints, thus maximizing the value proposition of electric vehicles in the broader energy 

ecosystem. Moreover, the proliferation of renewable energy sources, such as solar 

photovoltaics (PV) and wind turbines, has spurred interest in off-grid and decentralized 

charging solutions, necessitating the development of hybrid energy management systems that 

seamlessly integrate on-board battery chargers with renewable energy converters and energy 

storage devices. MATLAB facilitates the design and simulation of hybrid energy systems, 

enabling engineers to optimize the sizing and configuration of components, assess system 

performance under varying load and weather conditions, and evaluate the economic viability 

of off-grid charging solutions.The design and enhancement of integrated on-board electric 

vehicle battery chargers represent a multifaceted engineering endeavor that demands a holistic 

approach encompassing power electronics, thermal management, control algorithms, and grid 

integration. MATLAB and SIMULINK serve as invaluable tools in this process, providing 

engineers with a versatile platform for modeling, simulation, and optimization of charger 

systems across diverse applications and operating scenarios. By leveraging the capabilities of 

these tools, engineers can accelerate the development cycle, improve charger performance, and 

pave the way for widespread adoption of electric vehicles as a sustainable mode of 

transportation in the 21st century. 

 

II LITERATURE SURVEY 

The field of electric vehicles (EVs) has been rapidly evolving, driven by concerns over 

environmental sustainability and the need to reduce reliance on fossil fuels. Central to the 

widespread adoption of electric vehicles is the development of efficient, compact, and 
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integrated onboard battery charging systems. In recent years, MATLAB and Simulink have 

emerged as powerful tools for designing, simulating, and optimizing such systems. This 

literature survey aims to explore the various approaches and advancements in the design and 

enhancement of integrated onboard electric vehicle battery chargers using MATLAB and 

Simulink. The integration of battery charging systems directly into electric vehicles offers 

several advantages, including increased convenience for users and reduced infrastructure 

requirements. Consequently, researchers and engineers have focused on developing 

sophisticated charging systems that are both efficient and reliable. MATLAB and Simulink 

provide a versatile platform for modeling and simulating these systems, allowing designers to 

explore different configurations and control strategies efficiently. 

 

One key area of research involves the optimization of charging algorithms to minimize 

charging time while ensuring battery health and safety. By leveraging MATLAB's optimization 

capabilities, researchers have developed charging algorithms that dynamically adjust charging 

parameters based on factors such as battery state-of-charge, temperature, and current demand. 

Simulink simulations enable the evaluation of these algorithms under various operating 

conditions, facilitating the identification of optimal strategies for different types of batteries 

and vehicle architectures. Another important aspect of onboard battery chargers is their 

compatibility with different charging infrastructure standards. As electric vehicle charging 

networks continue to expand globally, interoperability between vehicles and charging stations 

becomes increasingly critical. MATLAB and Simulink enable the modeling and simulation of 

communication protocols and power electronics interfaces, allowing researchers to develop 

onboard chargers that comply with standards such as CHAdeMO, CCS, and GB/T. 

 

Furthermore, advancements in power electronics and battery technologies have opened up new 

possibilities for enhancing the performance and efficiency of onboard chargers. MATLAB's 

integration with Simscape Power Systems enables the modeling of complex power electronics 

topologies, including multi-level converters and advanced control algorithms. By simulating 

these models in Simulink, researchers can assess the impact of different converter topologies 

and control strategies on charging efficiency, power density, and thermal management. 

Moreover, the integration of renewable energy sources, such as solar panels or regenerative 

braking systems, presents opportunities for further improving the sustainability of electric 

vehicle charging. MATLAB's capabilities for modeling renewable energy systems allow 

researchers to explore hybrid charging configurations that combine grid power with onboard 

generation. Simulink simulations facilitate the optimization of energy management strategies, 

ensuring seamless integration between the vehicle's propulsion system, energy storage, and 

charging infrastructure. 

 

In addition to technical advancements, recent literature also addresses the economic and 

regulatory aspects of onboard electric vehicle battery chargers. Cost-benefit analysis tools in 

MATLAB enable researchers to evaluate the lifecycle costs of different charging technologies 

and deployment scenarios. Furthermore, Simulink simulations can assess the impact of 

regulatory policies, such as incentives for electric vehicle adoption or emissions regulations, 

on the design and deployment of onboard chargers. In conclusion, the design and enhancement 

of integrated onboard electric vehicle battery chargers using MATLAB and Simulink represent 

a vibrant and multidisciplinary research field. By leveraging the capabilities of these tools, 
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researchers can develop innovative charging solutions that address technical, economic, and 

regulatory challenges. The literature surveyed highlights the diverse approaches and 

advancements in this field, underscoring the importance of continued research and 

collaboration to accelerate the adoption of electric vehicles and sustainable transportation 

systems. 

 

III PROPOSED SYSTEM 

 

The proposed system aims to design and enhance an integrated on-board electric vehicle (EV) 

battery charger using MATLAB and Simulink. This endeavor is motivated by the increasing 

demand for efficient and reliable EV charging solutions to support the widespread adoption of 

electric vehicles and reduce dependence on fossil fuels. The integrated on-board charger plays 

a crucial role in EVs by facilitating convenient and fast charging while ensuring compatibility 

with different charging infrastructures. At the core of the proposed system lies the integration 

of advanced power electronics, control algorithms, and battery management systems to 

optimize the charging process and enhance overall system performance. The on-board charger 

is designed to efficiently convert AC power from external charging stations or grid connections 

to DC power suitable for charging the EV battery pack. This conversion process involves 

rectification, power factor correction, isolation, and voltage regulation stages to ensure high 

efficiency and power quality. 

 

MATLAB and Simulink serve as integral tools for the design, simulation, and validation of the 

proposed on-board charger system. These software platforms provide a comprehensive 

environment for modeling electrical circuits, implementing control algorithms, and analyzing 

system dynamics under various operating conditions. Through simulation-based design 

iterations, engineers can refine the charger topology, optimize control parameters, and evaluate 

performance metrics such as efficiency, power factor, and transient response. The proposed 

system incorporates several key components and functionalities to enhance the charging 

process and address the requirements of modern EVs. One crucial aspect is the integration of 

bidirectional power flow capability, allowing the charger to not only charge the EV battery but 

also support vehicle-to-grid (V2G) and vehicle-to-home (V2H) applications. This bidirectional 

capability enables EVs to serve as distributed energy resources, contributing to grid stability 

and supporting renewable energy integration. 
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Fig 1 proposed simulation results 

 

Furthermore, the proposed system includes advanced control algorithms for regulating 

charging voltage, current, and power flow, while ensuring compatibility with different battery 

chemistries, charging profiles, and thermal management requirements. Model predictive 

control (MPC), proportional-integral-derivative (PID) control, and adaptive control techniques 

are employed to achieve precise and efficient control of the charging process, considering 

factors such as battery state-of-charge (SOC), temperature, and aging effects. Another essential 

aspect of the proposed system is fault detection and diagnosis capabilities to ensure safe and 

reliable operation of the on-board charger. Fault detection algorithms, based on current and 

voltage monitoring, thermal sensors, and system diagnostics, enable early detection of 

abnormalities or component failures, triggering appropriate mitigation actions to prevent 

damage to the charger or EV battery pack. 

 

Moreover, the proposed system incorporates communication interfaces and protocols, such as 

CAN bus or Ethernet, to enable seamless integration with vehicle control systems, charging 

infrastructure, and smart grid technologies. This connectivity facilitates data exchange, remote 

monitoring, and firmware updates, enhancing interoperability and enabling advanced features 

such as smart charging scheduling, load management, and demand response. Overall, the 

proposed system represents a comprehensive approach to designing and enhancing integrated 

on-board EV battery chargers, leveraging MATLAB and Simulink for simulation-based design, 

optimization, and validation. By integrating advanced power electronics, control algorithms, 

and communication capabilities, the proposed charger system aims to provide efficient, 

reliable, and flexible charging solutions to support the transition to electric mobility and 

contribute to a sustainable energy future. 

 

IV RESULTS AND DISCUSSION 

In the realm of electric vehicles (EVs), the development of efficient and reliable on-board 

battery chargers is crucial for facilitating convenient charging solutions and promoting 

widespread adoption of electric transportation. The results discussion of the study on designing 

and enhancing an integrated on-board EV battery charger using MATLAB and Simulink offers 
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insights into the performance evaluation, efficiency analysis, and potential improvements of 

the proposed charger system. One of the primary focuses of the results discussion revolves 

around the performance evaluation of the integrated on-board EV battery charger. The study 

utilizes simulation tools such as MATLAB and Simulink to model the charger system under 

various operating conditions and charging scenarios. By analyzing key performance metrics 

such as charging time, charging efficiency, and power factor, the study assesses the 

effectiveness of the charger in delivering reliable and fast charging capabilities to EV batteries. 

 

The results indicate that the integrated on-board EV battery charger exhibits commendable 

performance across different charging profiles. Through simulation experiments, the study 

demonstrates the charger's ability to efficiently charge EV batteries while adhering to safety 

standards and operational constraints. Moreover, the charger's compatibility with different 

battery chemistries and voltage levels is evaluated, highlighting its versatility and applicability 

across a wide range of EV platforms. Efficiency analysis constitutes another crucial aspect of 

the results discussion, as it provides insights into the energy conversion processes and losses 

within the charger system. Using MATLAB and Simulink simulations, the study investigates 

the efficiency of the charger under varying load conditions, input voltages, and charging 

currents. The results reveal the impact of factors such as component losses, switching 

frequency, and control algorithms on the overall efficiency of the charger. 
Extended Results 

 

Fig 1.Battery Voltage vs Time and Battery Current vs Time 

Furthermore, the results discussion delves into the identification of potential areas for 

enhancement and optimization within the integrated on-board EV battery charger system. By 

analyzing simulation data and performance metrics, the study identifies opportunities for 
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improving charging efficiency, reducing losses, and enhancing overall system reliability. 

Suggestions for optimizing control algorithms, selecting appropriate power electronic 

components, and implementing advanced charging strategies are proposed to further enhance 

the charger's performance and functionality. 

 

Fig 2. Battery %SOC vs Time Graph 

Moreover, the results discussion highlights the importance of incorporating advanced features 

and functionalities into the integrated on-board EV battery charger to meet evolving industry 

standards and consumer demands. Features such as bidirectional power flow, vehicle-to-grid 

(V2G) capabilities, and smart charging functionalities are explored as potential enhancements 

to the charger system. The study discusses the feasibility and benefits of integrating these 

features into the charger architecture to enable bi-directional energy transfer, grid integration, 

and demand response functionalities. 

 

 

Fig 3.Source Voltage and Source Current Waveforms 
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Fig 4.DC link Voltage Waveform 

Additionally, the results discussion addresses the challenges and limitations associated with the 

proposed charger system and potential avenues for future research and development. Factors 

such as thermal management, electromagnetic compatibility (EMC), and safety considerations 

are identified as critical areas for further investigation and improvement. The study underscores 

the importance of addressing these challenges to ensure the reliability, safety, and performance 

of on-board EV battery chargers in real-world applications. 
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Fig 5.Road Side Voltage and Road Side Current Wave Forms 

 

Fig 6.Vehicle Side Voltage and Vehicle side Current Wave Forms 

 

In summary, the results discussion of the study on designing and enhancing an integrated on-

board EV battery charger using MATLAB and Simulink provides a comprehensive analysis of 

the charger's performance, efficiency, and potential for improvement. Through simulation 

experiments and performance evaluation, the study demonstrates the charger's effectiveness in 

providing fast and efficient charging solutions for EV batteries. Moreover, the discussion 

highlights opportunities for optimization, enhancement, and future research to address 

emerging challenges and enable the widespread adoption of electric transportation. 

 

V CONCLUSION 

 

The design and implementation of the integrated on-board electric vehicle (EV) charger 

represent a significant advancement in addressing critical challenges such as reducing leakage 

current, avoiding torque production in the drive train, and filtering current distortion to meet 

grid standards. By incorporating innovative solutions such as a high-frequency (HF) inverter 

and a sophisticated control strategy to minimize torque production, the project successfully 

mitigates torque-related issues in the drive train, ensuring smooth and efficient operation of the 

EV. Furthermore, the integration of an isolation transformer with galvanic isolation plays a 

pivotal role in minimizing leakage current risks, enhancing safety, and ensuring compliance 

with stringent electrical standards. The isolation transformer acts as a barrier between the high-

voltage components and the low-voltage systems, effectively reducing the risk of leakage 

currents and enhancing overall system reliability. Moreover, the utilization of advanced 

converter topologies and pulse-width modulation (PWM) techniques in conjunction with the 
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HF inverter and isolation transformer enables precise control over current distortion, ensuring 

that the power supplied to the EV battery aligns seamlessly with grid standards. This 

meticulous approach to filtering current distortion not only enhances the efficiency of the 

charging process but also contributes to the longevity and optimal performance of the EV 

battery. Overall, this IOBC project showcases a comprehensive and innovative solution to key 

challenges faced in EV charging systems. By addressing leakage current, torque production 

issues, and current distortion through strategic design choices and advanced technologies, the 

project sets a new standard for efficient, safe, and grid-compliant on-board charging solutions. 

The successful integration of these components underscores the project's commitment to 

advancing sustainable transportation solutions and driving progress towards a greener future. 
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