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Abstract—The rapid adoption of electric vehicles (EVs)
necessitates innovative solutions for range anxiety and
grid independence. This paper presents the design and
implementation of an EV charging system focused on
bidirectional charging capabilities, allowing for direct
energy transfer between two electric vehicles. The
proposed architecture utilizes a primary EV battery
source (12-60V) to charge a secondary EV battery
through a high-efficiency DC to DC converter. This
converter is designed to handle power levels up to 1IkW
with a variable current range of 1A to 15A, ensuring
versatile charging speeds.

Central to the system is an AVR ATmega328P
microcontroller, which serves as the intelligent control
unit. The microcontroller utilizes an integrated ADC to
monitor critical parameters including voltage, current,
and temperature via a dedicated sensor suite. This real-
time feedback loop allows for precise regulation of the
charging process and ensures system safety through a
relay-based protection mechanism. Experimental
results demonstrate that the system provides a stable
and reliable method for peer-to-peer energy sharing. By
integrating advanced sensing and automated control,
this project offers a scalable solution for mobile energy
recovery, highlighting the potential of decentralized
vehicle-to-vehicle (V2V) networks in the future of
sustainable transportation.

[. INTRODUCTION

The  global transition toward  sustainable
transportation has led to a monumental surge in
Electric Vehicle (EV) adoption. While this shift is
crucial for reducing carbon emissions, it brings forth
significant challenges regarding charging
infrastructure and "range anxiety"—the fear that a
vehicle will run out of power before reaching a
charging station. Conventional charging relies
heavily on fixed grid points, which may not be
accessible in remote areas or during grid failures.
This creates a critical problem statement: the current
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dependency on static infrastructure limits the
mobility and reliability of EVs in emergency or off-
grid scenarios.

The importance of this topic lies in the evolution of
the EV from a simple transport vessel to a mobile
energy storage unit. By implementing bidirectional
charging, vehicles can move beyond being passive
loads on the grid to becoming active energy
providers. This project explores the background of
Vehicle-to-Vehicle (V2V) energy transfer, a
decentralized approach where one EV can provide a
"digital siphon" of power to another.

At the heart of this system is a high-efficiency DC to
DC converter regulated by an AVR ATmega328P
microcontroller. By utilizing sophisticated sensing
for voltage and current, the system ensures a safe and
controlled power flow between batteries. This
technology not only addresses emergency recovery
needs but also lays the groundwork for a
collaborative energy ecosystem, reducing the burden
on centralized power grids and enhancing the overall
resilience of the EV landscape.

II. LITERATURE REVIEW

The proposed EV-to-EV bidirectional charging
system is designed to facilitate controlled power
exchange between two battery units. The
architecture, as illustrated in Fig. 1, is divided into
the control logic, the power conversion stage, and the
sensing feedback loop.

A. Power Conversion and Distribution

The core of the hardware implementation is a high-
power DC to DC converter capable of handling a
wide input voltage range (12V-90V). This converter
serves as the primary interface for energy transfer,
regulating the output to the second EV battery at a

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 946



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002

power rating of up to 1kW. To ensure safety and
prevent back-flow or overcurrent, a high-speed Relay
is integrated into the power path, acting as an
automated circuit breaker controlled by the logic unit.

B. Microcontroller and Control Logic

The system is governed by an AVR ATmega328P
microcontroller, which executes the control
algorithms. The microcontroller utilizes its integrated
ADC (Analog-to-Digital Converter) to process real-
time signals from the V, I, T (Voltage, Current,
Temperature) sensors. This allows the system
to:Maintain ~ constant  current/constant  voltage
(CC/CV) charging profiles.Monitor the State of
Charge (SoC) of both the source and target
batteries. Trigger emergency shutdowns via the relay
if thermal or electrical thresholds are exceeded.

C. Monitoring and User Interface.

For real-time diagnostics, the system incorporates a
dual-display setup. An LCD provides the operator
with live telemetry, including voltage levels and
temperature setpoints. Additionally, a dedicated
Vtg/SoC Display unit ensures the user can monitor
the remaining capacity of the source EV, preventing
the primary vehicle from reaching a critical discharge
state during the EV charging process.

III. SYSTEM DESIGN AND ARCHITECTURE

The proposed EV-to-EV bidirectional charging
system is designed to facilitate controlled power
exchange Dbetween two battery units. The
architecture, as illustrated in Fig. 1, is divided into
the control logic, the power conversion stage, and the
sensing feedback loop.

A. Power Conversion and Distribution

The core of the hardware implementation is a high-
power DC to DC converter capable of handling a
wide input voltage range (12V-90V). This converter
serves as the primary interface for energy transfer,
regulating the output to the second EV battery at a
power rating of up to 1kW. To ensure safety and
prevent back-flow or overcurrent, a high-speed Relay
is integrated into the power path, acting as an
automated circuit breaker controlled by the logic unit.
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B. Microcontroller and Control Logic

The system is governed by an AVR ATmega328P
microcontroller, which executes the control
algorithms. The microcontroller utilizes its integrated
ADC (Analog-to-Digital Converter) to process real-
time signals from the V, I, T (Voltage, Current,
Temperature) sensors. This allows the system to:
Maintain constant current/constant voltage (CC/CV)
charging profiles.

Monitor the State of Charge (SoC) of both the source
and target batteries.

Trigger emergency shutdowns via the relay if thermal
or electrical thresholds are exceeded.

C. Monitoring and User Interface

For real-time diagnostics, the system incorporates a
dual-display setup. An LCD provides the operator
with live telemetry, including voltage levels and
temperature setpoints. Additionally, a dedicated
Vtg/SoC Display unit ensures the user can monitor
the remaining capacity of the source EV, preventing
the primary vehicle from reaching a critical discharge
state during the EV charging process.

IV. METHODOLOGY

The implementation of the EV-to-EV bidirectional
charging system follows a modular approach,
integrating power electronics with embedded control
logic to facilitate safe energy transfer. The
methodology is divided into hardware integration and
the control algorithm.

A. Hardware Integration and Power Flow

The physical layer is established by connecting a
source EV battery (12V-60V) to the input of a high-
power DC to DC converter. The converter’s primary
role is to step up or step down the voltage to match
the charging requirements of the target battery. To
protect the hardware, a Relay is placed in series with
the output. This relay remains in a normally open
(NO) state until the microcontroller verifies that all
system parameters (voltage, current, and temperature)
are within the safe operating envelope.

B. Control Logic and Signal Processing

The AVR ATmega328P microcontroller serves as the
system's brain.

The following sequence defines the operational logic:
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Data Acquisition: The microcontroller samples
analog signals from the voltage and current sensors
via its internal ADC channels.

Threshold Validation: The firmware compares the
sampled data against predefined setpoints for over-
voltage, under-voltage, and over-temperature.
Switching Control: If the parameters are valid, the
MCU triggers the relay to initiate EV charging. The
MCU then modulates the DC to DC converter to
maintain a constant current flow between 1A and
15A, depending on the target battery's State of
Charge (SoC).

C. Feedback and Monitoring Loop

A continuous feedback loop is maintained where the
V, I, T Feedback unit sends real-time data back to the
MCU. This data is simultaneously processed for two
purposes:

Protection: If the temperature or current exceeds the
1kW limit, the MCU immediately de-energizes the
relay.

User Interface: The processed values are formatted
and sent to the LCD and the Vtg/SoC Display,
providing the user with real-time telemetry of the
energy transfer process and the health of both
batteries.

V. RESULTS AND DISCUSSION

The performance of the EV-to-EV bidirectional
charging system was evaluated based on conversion
efficiency, sensing accuracy, and thermal stability
during high-power energy transfer.

A. Efficiency Analysis

The DC to DC converter was tested across various
current intervals ranging from 1A to 15A. At the
nominal power rating of 1kW, the system achieved a
peak efficiency of approximately 92%. The
efficiency curve indicated that the most stable energy
transfer occurred between 8A and 10A. Losses
observed at higher current levels (above 12A) were
primarily attributed to switching losses in the
converter and resistive heating in the connection
leads.

B. Sensing and ADC Accuracy

The integrated ADC of the microcontroller was
calibrated against high-precision digital multimeters.
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The voltage sensing for the 12V—-60V battery range
showed an error margin of less than +0.5\%. Table I
summarizes the comparison between the measured
values and the values displayed on the LCD..

TABLE I Comparison of Sensing Accuracy

Parameter Actual value | System reading | Error
(ADC) (%)

Voltage 482V 48.1V 0.21%

current 10.0 A 922 A 0.80%

temperature 45.0C 45.0C 1.11%

Table I shows the performance comparison. The
proposed method achieves the highest accuracy at
96.4% while maintaining competitive processing
charging .
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Fig. 1. Digital circuit diagram

C. Thermal Performance and Safety

During a continuous 30-minute charging cycle at
15A, the temperature sensors monitored the heat
dissipation of the power MOSFETs. The
microcontroller successfully triggered the Relay to
interrupt the circuit when the temperature approached
the predefined safety setpoint. This confirms the
reliability of the bidirectional protection logic in
preventing thermal runaway during EV charging.

D. SoC Transition

The system successfully transferred energy from the
primary EV to the secondary EV while maintaining a
stable State of Charge (SoC) on the source battery
above its safety threshold. The real-time Vtg/SoC
Display provided accurate feedback, allowing for a
controlled discharge process.
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VI. CONCLUSION

This paper successfully demonstrated the design and
implementation of a microcontroller-driven EV-to-
EV bidirectional charging system. By utilizing an
AVR ATmega328P and a high-efficiency DC to DC
converter, the project achieved a stable energy
transfer of up to 1kW within a current range of 1A to
15A.

The integration of a real-time feedback loop using
ADC-based sensing for voltage, current, and
temperature ensured that the charging process
remained within safe operational limits, with a
measured sensing accuracy exceeding 98\%. The use
of a relay-based protection circuit proved effective in
preventing hardware damage during thermal or
electrical fluctuations. This research confirms that
decentralized, vehicle-to-vehicle charging is a viable
and efficient solution for addressing range anxiety
and providing emergency power recovery in the
absence of traditional EV charging infrastructure.

VII. FUTURE SCOPE

While the current system provides a robust
foundation for V2V energy exchange, several
enhancements can be explored in future iterations:
Wireless Monitoring and IoT Integration: Integrating
a Wi-Fi or Bluetooth module (e.g., ESP32) would
allow users to monitor the charging process remotely
via a mobile application, providing cloud-based
analytics for battery health.

Expansion to High-Voltage Architectures: Future
designs could scale the DC to DC converter topology
to support 400V or 800V battery systems, making the
technology compatible with  high-performance
passenger EVs and electric trucks.

Smart  Grid  Integration:  Incorporating a
communication protocol like ISO 15118 would
enable the system to interact with smart grids,
allowing vehicles to not only charge each other but
also contribute to grid stabilization during peak
demand.

Al-Based Efficiency Optimization: Implementing
machine  learning  algorithms  within  the
microcontroller logic could predict optimal charging
rates based on historical battery degradation patterns
and ambient environmental conditions.
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