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ABSTRACT: This system uses a bidirectional 

battery charger circuit with a buck/boost converter 

architecture for efficient energy transmission. It 

addresses the growing need for flexible energy 

storage systems, particularly in renewable energy 

installations and electric cars. The circuit features a 

complex control system, a strong battery 

management system, and integrated safety 

mechanisms to reduce overcharging and 

overcurrent. The system's efficiency is optimized, 

and a user-friendly interface enhances accessibility. 

Simulation and experimental validation 

demonstrate its effectiveness in various operating 

conditions, promoting sustainable energy systems. 

KEYWORDS: Battery management system, Buck-

Boost converter, battery charger, DC-DC 

converter. 

 

I. INTRODUCTION 
In the real of energy storage systems, the 

demand for versatile and efficient battery charging 

solutions has intensified, driven by the proliferation 

of electric vehicles, renewable energy integration, 

and portable electronics. Bidirectional battery 

chargers, capable of both charging and discharging 

batteries, have emerged as crucial components in 

meeting these evolving energy demands. This 

introduction presents the rationale behind the 

development of bidirectional battery charger 

circuits, highlighting their significance and 

potential applications. 

Traditional battery chargers typically 

operate unidirectionally, supplying power to 

recharge batteries from an external source. 

However, modern energy systems require more 

dynamic energy management capabilities, allowing 

for bidirectional power flow to accommodate 

various operating scenarios. Bidirectional chargers 

enable not only the replenishment of energy storage 

devices but also the utilization of stored energy 

when required, contributing to enhanced system 

flexibility and efficiency. 

The versatility of bidirectional battery 

chargers makes them particularly well-suited for 

applications such as electric vehicles, where 

regenerative braking systems harness kinetic 

energy to recharge batteries during deceleration. 

Similarly, in renewable energy installations, 

bidirectional chargers enable the integration of 

intermittent energy sources like solar and wind by 

efficiently storing excess energy and discharging it 

when needed. 

This paper aims to explore the design and 

implementation of a bidirectional battery charger 

circuit employing a buck/boost converter topology. 

The proposed circuit architecture integrates 

advanced control and monitoring functionalities to 

ensure safe and efficient operation of the battery 

system. Through simulation and experimental 

validation, the effectiveness and reliability of the 

bidirectional charger will be demonstrated, paving 

the way for its adoption in diverse energy storage 

applications. 

Overall, the development of bidirectional 

battery charger circuits represents a significant 

advancement in energy management technology, 

offering enhanced flexibility, efficiency, and 

reliability in modern energy systems. This paper 

seeks to contribute to the growing body of research 

in this field and accelerate the transition towards 

sustainable and resilient energy infrastructure. 

This paper presents the design and 

implementation of a bidirectional battery charger 

circuit utilizing a buck/boost converter topology. 

The bidirectional charger is capable of efficiently 

charging and discharging batteries, making it 

suitable for applications requiring energy storage 

systems with versatile power flow capabilities. The 

circuit incorporates a control system for monitoring 

battery parameters and regulating 

charging/discharging operations, along with a 

battery management system (BMS) for ensuring 

safe battery operation. Key components include the 

buck/boost converter, feedback and sensing 

elements for real-time control, input/output power 
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stages, isolation and safety mechanisms, and 

efficiency optimization techniques. The design 

aims to achieve high efficiency, reliability, and 

safety while providing a user-friendly interface for 

system monitoring and control. Simulation and 

experimental results demonstrate the effectiveness 

of the proposed bidirectional battery charger circuit 

in various practical scenarios. 

 

II. TOPOLOGY 
   An isolated bidirectional DC-DC 

converter with series connection of bidirectional 

DC converters is proposed in this project. These 

soft switching converters offers high voltage gain 

with reduced voltage stress across the switches, 

offer wide duty ratio, ZCS for turn-on and zero 

current transition (ZCT) for turn-off of all 

switching devices and also offer inherent voltage 

balance at two poles of DC bus. 

Design and Implementation: The primary 

objective is to design and implement a bidirectional 

battery charger circuit based on a buck/boost 

converter topology. This involves selecting 

appropriate components, designing control 

algorithms, and integrating safety features to ensure 

reliable and efficient operation. 

Versatile Energy Management: Develop a 

charger capable of bidirectional power flow, 

enabling both battery charging and discharging. 

The circuit should efficiently handle energy 

transfer to and from the battery, accommodating 

various charging sources and load requirements. 

Real-Time Monitoring and Control: Implement a 

robust control system capable of monitoring key 

battery parameters such as voltage, current, and 

temperature. Utilize feedback mechanisms to 

regulate charging and discharging processes 

dynamically, optimizing performance and ensuring 

battery health. 

Safety and Protection: Integrate a comprehensive 

battery management system (BMS) to safeguard 

against overcharging, over-discharging, and 

overcurrent conditions. Implement isolation 

measures to ensure electrical safety between input 

and output sides of the charger. 

Efficiency Optimization: Employ efficiency 

optimization techniques to minimize energy losses 

and maximize charging/discharging efficiency. 

Select high-performance components and design 

the converter topology for optimal power 

conversion under varying operating conditions. 

User-Friendly Interface: Develop a user interface 

for system monitoring and control, providing users 

with access to relevant information and control 

parameters. Ensure ease of use and accessibility to 

enhance user experience. 

Validation and Testing: Validate the performance 

of the bidirectional battery charger through 

simulation and experimental testing. Assess its 

functionality under different operating scenarios 

and evaluate its reliability, efficiency, and safety. 

Contribution to Energy Systems: Contribute to 

the advancement of energy storage technology by 

providing a versatile and efficient solution for 

bidirectional battery charging. Address the growing 

demand for flexible energy management systems in 

applications such as electric vehicles, renewable 

energy integration, and portable electronics. 

 

III. OPERATING PRINCIPLE 
The bidirectional battery charger circuit 

operates by utilizing a buck/boost converter 

topology to efficiently manage the bidirectional 

flow of power during both charging and 

discharging modes. In the charging mode, the 

buck/boost converter operates in boost mode, 

stepping up the input voltage to charge the battery 

while the control system monitors and regulates 

parameters such as battery voltage, current, and 

temperature to ensure optimal charging 

performance. Conversely, during discharging, the 

converter operates in buck mode, stepping down 

the battery voltage to supply power to external 

loads or return energy to the grid, with the control 

system overseeing the process to prevent over-

discharge. Feedback from sensors facilitates real-

time adjustments, while safety measures such as 

the battery management system (BMS) protect 

against overcharging, over-discharging, and 

overcurrent conditions. Efficiency optimization 

techniques and careful component selection further 

enhance the overall efficiency of the system, 

making it a versatile and reliable solution for 

various energy storage applications. 

The bidirectional battery charger circuit 

functions through a sophisticated orchestration of 

components and processes to facilitate efficient 

energy transfer and management between batteries 

and external power sources or loads. At its core lies 

the buck/boost converter, a versatile power 

electronics device capable of stepping voltage both 

up and down as required for charging and 

discharging operations. During the charging phase, 

when the battery needs replenishing, the buck/boost 

converter operates in boost mode, raising the 

voltage from the input source, such as a solar panel 

or the grid, to levels suitable for charging the 

battery. Concurrently, the control system, often 

governed by a microcontroller or dedicated control 

IC, diligently oversees this process, monitoring 

vital battery parameters like voltage, current, and 

temperature in real-time. Utilizing feedback 
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mechanisms, such as voltage and current sensors, 

the control system dynamically adjusts the 

operation of the buck/boost converter, optimizing 

the charging process for efficiency and battery 

health. Integral to this operation is the battery 

management system (BMS), a complex array of 

sensors, monitoring circuits, and control logic 

designed to safeguard the battery against various 

hazards. The BMS constantly evaluates the state of 

the battery, ensuring individual cell voltages are 

balanced. implementing safeguards against 

overcharging, over-discharging, and overcurrent 

conditions. Meanwhile, in the discharging phase, 

when energy is needed to power external loads or 

return energy to the grid, the buck/boost converter 

seamlessly transitions to buck mode, stepping 

down the battery voltage to the required level. 

Again, the control system closely supervises this 

process, maintaining optimal operation to prevent 

over-discharge and ensure efficient power transfer. 

Safety is paramount throughout these operations, 

with isolation measures implemented to protect 

against electrical hazards between the input and 

output sides of the charger. Additionally, stringent 

safety protocols are enforced by the BMS, 

activating protective measures whenever abnormal 

conditions are detected. Efficiency optimization 

techniques are also integral to the system, with 

careful component selection and design 

considerations aimed at minimizing energy losses 

during power conversion. By orchestrating these 

intricate processes harmoniously, the bidirectional 

battery charger circuit offers a versatile, efficient, 

and reliable solution for a wide range of energy 

storage applications, from electric vehicles to 

renewable energy systems, contributing to the 

advancement of sustainable energy infrastructure. 

 

IV. PROPOSED SYSTEM 
This paper proposes a versatile 

bidirectional battery charger system based on a 

buck/boost converter topology, designed to meet 

the evolving energy management requirements of 

modern applications such as electric vehicles, 

renewable energy systems, and portable 

electronics. The proposed system aims to 

efficiently manage power flow bidirectionally, 

enabling both battery charging and discharging 

operations while ensuring safety, reliability, and 

user-friendliness. 

Central to the system's design is the 

integration of a robust control architecture capable 

of real-time monitoring and regulation of key 

battery parameters, including voltage, current, and 

temperature. This enables dynamic adjustment of 

charging and discharging processes to optimize 

performance and prolong battery lifespan. 

Additionally, a comprehensive battery management 

system (BMS) is incorporated to provide protection  

Efficiency optimization techniques are 

employed to minimize energy losses during power 

conversion, ensuring high overall system efficiency 

across a wide range of operating conditions. The 

buck/boost converter topology facilitates seamless  

 

Bi-directional battery charger circuit 
   A bidirectional battery charger circuit is a 

sophisticated system that allows for the charging 

and discharging of batteries bidirectionally. This 

capability is particularly useful in applications 

where energy needs to flow both to and from the 

batteries, such as in renewable energy systems, 

electric vehicles, and grid-tied energy storage 

systems.  

Buck/Boost Converter: The heart of the 

bidirectional charger is a buck/boost converter. 

This converter can step up or step down the voltage 

as needed, allowing the charger to both charge the 

battery (boost mode) and discharge the battery 

(buck mode) efficiently. 

Control System: The control system is crucial for 

managing the bidirectional power flow. It monitors 

parameters such as battery voltage, current, and 

temperature and adjusts the operation of the 

buck/boost converter accordingly. This control 

system can be implemented using a microcontroller 

or a dedicated control IC. 

Battery Management System (BMS): A BMS is 

essential for ensuring the safe operation of the 

battery pack. It monitors individual cell voltages, 

balances cells if necessary, and protects against 

overcharging, over-discharging, and overcurrent 

conditions. The BMS communicates with the 

control system to coordinate charging and 

discharging operations. 

Input/Output Power Stage: This stage includes 

the necessary components for power input (e.g., 

from a solar panel, grid, or another power source) 

and power output (e.g., to a load or grid). It may 

include input/output filters, switches (e.g., 

MOSFETs), and protection circuitry. 

Feedback and Sensing: To control the buck/boost 

converter and ensure proper battery 

charging/discharging, various sensors are required 

for voltage, current, and temperature monitoring. 

These sensors provide feedback to the control 

system for real-time adjustments. 

Isolation and Safety: Depending on the 

application, isolation may be required between the 

input and output sides of the charger for safety 

reasons. Isolation can be achieved using 

transformers or optocouplers. 
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Efficiency Optimization: Efficiency is critical in 

battery charging systems to minimize energy 

losses. Careful selection of components, such as 

high-efficiency switching devices (MOSFETs, 

diodes), and proper design of the converter 

topology can help improve overall efficiency. 

 User Interface: In many applications, it's essential 

to have a user interface for monitoring battery 

status, setting charging parameters, and displaying 

system information. This could be a simple LCD 

display with buttons or a more advanced graphical 

interface. 

Designing a bidirectional battery charger circuit 

requires careful consideration of various factors 

such as battery chemistry, voltage/current 

requirements, safety standards, and efficiency 

targets. It's often a complex engineering task that 

involves simulation, prototyping, and testing to 

ensure proper functionality and reliability. 

 

V. RESULTS AND DISCUSSION 

 
Fig1 :Simulation Diagram of the proposed system 

 

The provided image shows a Simulink 

model that simulates a hybrid photovoltaic (PV) 

and battery system. Here is a detailed, component-

by-component explanation of how this system is 

structured and operates: 

 

Key Components and Their Functions: 

1. PV Array: The PV array uses inputs of 

irradiance (1000 W/m²) and temperature (28°C) to 

convert sunlight into electrical energy, with output 

current and voltage varying based on these factors. 

2.DC-DC Converter (Connected to PV Array): 

This converter adjusts the output from the PV array 

to a suitable voltage level for the system. It ensures 

that the power from the PV array is efficiently 

transferred and used within the system. 

3.Battery System: The battery system, which 

includes the State of Charge (SOC) for managing 

charging and discharging cycles, stores excess 

energy from the PV array and supplies power when 

needed. 4.DC-DC Converter (Connected to 

Battery): This converter manages the voltage and 

current from the battery, ensuring that the battery 

can both store energy from the PV array and supply 

power to the load when needed. 

5. Measurement Blocks: These blocks measure 

the voltage and current from both the PV array and 

the battery system. This data is essential for 

monitoring the system's performance, ensuring it 

operates efficiently and safely. 

6. Load Components: The system's load 

components include resistive load, which 

represents the electrical load, and an inductor, used 

to smooth current, reduce harmonics, and model 

real-world load properties. 

 7. Powergui Block (Discrete Time Simulation): 

This block manages the simulation settings, 

specifically configured for discrete simulation with 

a very small time step (1e-06 seconds). This allows 

for precise modeling of the system's dynamic 

behavior. 

 

System Operation: 

Energy Generation (PV Array): The PV array 

generates electricity based on the given irradiance 

and   temperature. The generated power is then fed 

into a DC-DC converter, optimizing the voltage 

and current for system use. 

Energy Storage: The battery stores energy when 

the PV array produces more than the load requires. 

It discharges to supply power when the PV 

generation is insufficient, ensuring a steady power 

supply. 

Load Supply: The combined output from the PV 

array and the battery system is used to power the 

load, represented by a resistive element and an 

inductor. 

Monitoring: Measurement blocks continuously 

monitor the system's electrical parameters, 

providing feedback to ensure optimal performance 

and safety. 

Simulation Management: The powergui block 

sets up the simulation environment, ensuring that 

the system is simulated with high precision and 

accuracy 

Purpose and Benefits: The model enables 

performance analysis, efficiency optimization, 

system stability, and design and testing of PV array 

and battery systems, ensuring optimal performance 

under various conditions, ensuring reliability and 

reliability, and serving as a virtual testing ground. 

 

 In summary, this Simulink model 

provides a comprehensive simulation of a hybrid 

PV-battery system, allowing for detailed analysis 

and optimization of its performance and interaction 
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under various conditions.   

 

 
Figure 2 :Simulation Diagram of the DC-DC 

Converter 

 

 
Figure 3 :Simulation Diagram of bidirectional 

Converter 

 

This converter works on 2 modes : Mode 0& 

Mode1 

 

Mode 0: Charging Mode  

In charging Mode, It works as Current Controller  

method (it acts as boost converter) 

 
Figure 3: input-output Characteristics of  Mode 0 

 

Mode1 : Discharging Mode 
In Discharging Mode, It works as Voltage 

Controller method (it acts as buck converter) 

 
Figure 4: input-output Characteristics of  Mode 1 

 

The  fig 5 shows the V-I characteristics of a 

battery describe how the voltage output changes 

with respect to the current drawn from it. Key points 

include Open Circuit Voltage (OCV), Internal 

Resistance, and Load Voltage vs. Load Current. 

Different types of batteries have different discharge 

characteristics, such as ideal batteries, lead-acid 

batteries, and lithium-ion batteries. Load effects also 

affect the V-I characteristics, with resistive loads 

having a straightforward relationship and non-linear 

loads requiring more complex relationships. 

Understanding these characteristics is crucial for 

designing circuits and systems requiring consistent 

voltage levels and selecting the right battery type 

and size for specific applications.  

 

 
Figure 5: Properties of Battery in hours 

 

 
Figure6:  Voltage- Current and Voltage-Power of 

Solar panel 
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Figure 6 shows the graph of Voltage- 

Current and Voltage-Power relationship of Solar 

Panel. From this graph, it is clear that when the 

temperature rises the Voltage decreases. In this 

graph Voltage- Current and Voltage-Power in 

different temperatures. 

 

VI.CONCLUSION 
"Bidirectional Battery Charger Circuit 

using Buck/Boost Converter" project has 

successfully developed a versatile and efficient 

solution for charging and discharging batteries 

bidirectionally. Through meticulous design, 

simulation, and experimental validation, the circuit 

has demonstrated its ability to efficiently manage 

power flow between batteries and external sources 

or loads. The integration of a buck/boost converter 

topology, coupled with a sophisticated control 

system and battery management system (BMS), 

ensures safe and reliable operation while 

optimizing charging and discharging processes. 

The project's results highlight the importance of 

efficiency optimization, real-time monitoring, and 

safety measures in achieving optimal performance 

and battery health. Practical applications of the 

bidirectional charger circuit in electric vehicles, 

renewable energy systems, and portable electronics 

underscore its significance in advancing sustainable 

energy infrastructure. Moving forward, further 

research could focus on enhancing efficiency, 

scalability, and integration of advanced features to 

meet the evolving needs of energy storage systems. 

Overall, the project contributes to the development 

of innovative solutions for efficient energy 

management and lays the foundation for future 

advancements in bidirectional battery charging etc. 
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