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ABSTRACT: The rapid growth of Hybrid Electric Vehicle (HEV) technology has increased the need for intelligent
energy management, continuous battery monitoring, and advanced safety systems. This project proposes a Smart HEV
Energy Management, Fire & Gas Detection and Protection System for real-time monitoring, control, and protection
of hybrid vehicle electrical systems. The proposed system utilizes voltage, current, temperature, gas, and flame sensors
to continuously monitor battery condition, electrical energy flow, and safety-related parameters.

The system employs an ESP32-based controller to collect sensor data, process operating conditions, and communicate
information through an Internet of Things (IoT) platform. Important parameters such as battery voltage, current,
temperature, State of Charge (SOC), gas leakage level, and fire status are displayed on a local display as well as a
mobile monitoring application. The system enables real-time identification of abnormal conditions including battery
overheating, over-current, over-voltage, short circuits, gas leakage, and fire hazards.

When a fault condition is detected, the protection system automatically activates safety mechanisms such as battery
disconnection, fuel supply cut-off, alarm generation, and mobile notifications. The integration of energy management
with fire and gas protection improves vehicle safety, reliability, and operational efficiency. The proposed approach
provides a low-cost, scalable, and intelligent solution suitable for modern HEV and EV applications.

Furthermore, the collected operational data can be used for future predictive maintenance, battery health analysis,
energy optimization, and Al-based fault prediction. The proposed methodology demonstrates the potential of IoT-
enabled smart monitoring systems to improve energy utilization, vehicle safety, and intelligent decision-making in
next-generation transportation systems.

KEYWORDS: Hybrid Electric Vehicle (HEV), Energy Management System (EMS), IoT, ESP32, Battery Monitoring,
Fire Detection, Gas Detection, Protection System, Smart Vehicle, Predictive Maintenance.

L. INTRODUCTION

Hybrid Electric Vehicles combine an electric propulsion system with a conventional fuel-based engine to improve fuel
efficiency and reduce environmental pollution. Efficient management of electrical energy and continuous monitoring of
vehicle operating conditions are essential for improving battery performance, safety, and vehicle reliability.

Traditional HEV systems generally focus on energy management, while safety systems such as fire detection and gas
leakage monitoring are implemented separately. This project integrates battery monitoring, energy management, fire
detection, gas leakage detection, fault monitoring, and IoT-based remote monitoring into a single smart platform.
Similar to integrated monitoring concepts used in smart industrial systems, this project combines sensing, data
acquisition, communication, monitoring, and protection functions in a unified architecture.

II. OBJECTIVES

1. Monitor battery voltage, current, temperature, and SOC in real time.
2. Detect gas leakage and fire conditions inside the vehicle.
3. Provide automatic protection against abnormal operating conditions.
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Generate local alarms and mobile notifications.

Improve vehicle safety and energy efficiency.

Enable remote monitoring through IoT technology.

Support future predictive maintenance and battery health analysis.

N e

III. METHODOLOGY

Sensing Layer

The system continuously measures:

e Battery Voltage

Battery Current

Battery Temperature

Gas Leakage Level (MQ-5 Sensor)
Fire Detection Status (Flame Sensor)

Data Acquisition Layer
ESP32 collects sensor signals and converts them into digital data for processing.

Processing Layer
The controller evaluates operating conditions and compares measured values with predefined safety limits.

IoT Communication Layer
Sensor data is transmitted through Wi-Fi to a cloud/mobile monitoring platform.

Monitoring Layer

The LCD display and mobile dashboard provide:
Voltage

Current

Temperature

Battery SOC

Gas Status

Fire Status

System Health Status

Protection Layer

When unsafe conditions are detected:

e Relay disconnects battery supply.

e Fuel/CNG solenoid valve is closed.

e Alarm and warning indicators are activated.

e Mobile alert is sent.

System Flow:

Battery/CNG System — Sensors — ESP32 Controller — IoT Monitoring — Protection Relay — Alarm & Mobile
Alert

ADVANTAGES

Real-time monitoring

Improved battery safety

Fire detection capability

Gas leakage detection

Remote monitoring using mobile app
Automatic fault protection

Low-cost implementation

Easy scalability for future upgrade
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IV. FUTURE SCOPE

Al-Based Battery Health Prediction
Predictive Maintenance

Cloud Data Analytics

Regenerative Braking Monitoring

GPS Vehicle Tracking

Smart EV Charging Integration

e Vehicle-to-Grid (V2G) Technology
Machine Learning-Based Fault Prediction
e Solar-Assisted Charging System
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VI. CONCLUSION

The proposed Smart HEV Energy Management, Fire & Gas Detection and Protection System provides an
intelligent and integrated solution for monitoring and protecting hybrid electric vehicles. By combining energy
management, battery monitoring, fire detection, gas leakage monitoring, IoT communication, and automatic protection
mechanisms, the system improves vehicle safety, operational reliability, and energy efficiency. Similar to modern smart
monitoring architectures, the integration of sensing, communication, visualization, and fault protection enables real-
time decision-making and supports the development of safer and smarter transportation systems.

REFERENCES

1. M. Ehsani, Y. Gao, S. E. Gay, and A. Emadi, Modern Electric, Hybrid Electric, and Fuel Cell Vehicles:
Fundamentals, Theory, and Design, 2nd ed. Boca Raton, FL, USA: CRC Press, 2010.

IJIRSET©2026 | AnISO 9001:2008 Certified Journal | 11550



http://www.ijirset.com/

9.

ﬂ:"“ K International Journal of Innovative Research of
[FII;: X3 j Science, Engineering and Technology (IJIRSET)

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 15, Issue 8, August 2026
|DOI: 10.15680/1JIRSET.2026.1508061|

A. Emadi, Y. J. Lee, and K. Rajashekara, “Power electronics and motor drives in electric, hybrid electric, and plug-
in hybrid electric vehicles,” IEEE Transactions on Industrial Electronics, vol. 55, no. 6, pp. 2237-2245, 2008.

A. Khaligh and Z. Li, “Battery, ultracapacitor, fuel cell, and hybrid energy storage systems for electric, hybrid
electric, fuel cell, and plug-in hybrid electric vehicles: State of the art,” IEEE Transactions on Vehicular
Technology, vol. 59, no. 6, pp. 28062814, 2010.

M. Yilmaz and P. T. Krein, “Review of battery charger topologies, charging power levels, and infrastructure for
plug-in electric and hybrid vehicles,” IEEE Transactions on Power Electronics, vol. 28, no. 5, pp. 2151-2169,
2013.

G. Plett, Battery Management Systems, Volume I: Battery Modeling, Boston, MA, USA: Artech House, 2015.

G. Plett, Battery Management Systems, Volume II: Equivalent-Circuit Methods, Boston, MA, USA: Artech House,
2015.

Espressif Systems, ESP32 Series Datasheet, Espressif Systems, 2024.

M. Weyrich and C. Ebert, “Reference architectures for the Internet of Things,” IEEE Software, vol. 33, no. 1, pp.
112-116, 2016.

O. Vermesan and P. Friess, Eds., Internet of Things: Converging Technologies for Smart Environments and
Integrated Ecosystems. Aalborg, Denmark: River Publishers, 2013.

10. International Organization for Standardization, ISO 26262: Road Vehicles—Functional Safety, Geneva,

Switzerland: ISO, 2018.

IJIRSET©2026 | AnISO 9001:2008 Certified Journal | 11551



http://www.ijirset.com/

INDIA

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

INTERNATIONAL '
‘ ‘ STANDARD INNO SPACE
SERIAL
' \ NUMBER SJIF Scentific Journal Impact Factoe

[ 3940572 462 [© 6381907 438 [ ijirset@gmail.com 5

WW.ijirset.com



	I. INTRODUCTION
	II. OBJECTIVES
	III. METHODOLOGY
	Sensing Layer
	Data Acquisition Layer
	Processing Layer
	IoT Communication Layer
	Monitoring Layer
	Protection Layer

	ADVANTAGES
	IV. FUTURE SCOPE
	VI. CONCLUSION

