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Abstract— Electric Vehicles (EVs) are rapidly becoming 

an essential component of sustainable transportation 

systems due to their environmental benefits and energy 

efficiency. The Battery Management System (BMS) is 

one of the most critical components in EV technology, 

responsible for monitoring, protecting, and optimizing 

battery performance. This review paper presents a 

comprehensive study of Electric Vehicle Battery 

Management Systems integrated with charge monitoring 

and fire protection mechanisms. The paper discusses 

battery technologies, BMS architecture; state 

monitoring techniques, charging control methods, 

thermal management systems, and fire detection and 

suppression strategies. Furthermore, recent 

advancements in smart BMS technologies using IoT, 

Artificial Intelligence (AI), and wireless communication 

are reviewed. The study concludes that integrating 

charge monitoring with advanced fire protection 

improves battery safety, reliability, and operational 

lifespan in EV applications. 

 

Index Terms—Electric Vehicle (EV), Battery 

Management System (BMS), Charge Monitoring, Fire 

Protection, Thermal Runaway, Lithium-ion Battery, 

Battery Safety, IoT-based BMS. 

 

I. INTRODUCTION 

 

The increasing demand for clean and sustainable 

transportation has accelerated the development of 

Electric Vehicles (EVs). The performance, efficiency, 

and safety of EVs mainly depend on the battery 

system. Lithium-ion batteries are commonly used in 

EVs because of their high energy density, low self-

discharge rate, and long cycle life. However, these 

batteries are highly sensitive to overcharging, 

overheating, and short circuits, which may lead to 

thermal runaway and fire hazards. 

A Battery Management System (BMS) plays a vital 

role in monitoring battery voltage, current, 

temperature, and state of charge (SOC). It ensures safe 

charging and discharging operations while improving 

battery life and efficiency. Modern BMS technologies 

also integrate fire protection mechanisms to detect 

abnormal temperature rise, smoke generation, or gas 

leakage and initiate preventive actions. 

This paper reviews various BMS architectures, charge 

monitoring methods, thermal management techniques, 

and fire protection strategies used in Electric Vehicles.  

 

II. ELECTRIC VEHICLE BATTERY SYSTEM 

 

A. Battery Types Used in EVs 

Different battery technologies are used in EVs, 

including: 

1. Lithium-Ion Battery 

2. Nickel Metal Hydride (NiMH) 

3. Lead Acid Battery 

4. Solid-State Battery 
 

Among these, Lithium-ion batteries are widely 

preferred due to: 

• High energy density 

• Fast charging capability 

• Long cycle life 

• Lightweight structure 

 

B. Battery Parameters 

Important battery parameters monitored in EV 

systems include: 

• Battery Voltage 

• Charging Current 

• Battery Temperature 

• State of Charge (SOC) 

• State of Health (SOH) 

• Remaining Useful Life (RUL)  

 



© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002 

IJIRT 203945 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1631 

III. BATTERY MANAGEMENT SYSTEM (BMS) 

 

A. Definition 

A Battery Management System is an electronic control 

system that manages rechargeable battery packs by 

monitoring battery conditions and protecting them 

from unsafe operations. 

 

B. Functions of BMS 

The primary functions of BMS are: 

• Voltage Monitoring 

• Current Monitoring 

• Temperature Monitoring 

• Charge Balancing 

• Overcharge Protection 

• Over-discharge Protection 

• Short Circuit Protection 

• Thermal Protection 

• Fire Detection and Prevention 

 

C. BMS Architecture 

The general architecture of BMS includes: 

• Sensors 

• Microcontroller 

• Battery Pack 

• Communication Interface 

• Thermal Management Unit 

• Protection Circuit 
 

Types of BMS Architecture 

1. Centralized BMS 

2. Distributed BMS 

3. Modular BMS 

 

IV. CHARGE MONITORING SYSTEM 

 

A. Importance of Charge Monitoring 

Charge monitoring helps in: 

• Preventing overcharging 

• Increasing battery lifespan 

• Improving charging efficiency 

• Enhancing safety 

 

B. State of Charge (SOC) Estimation Methods 

SOC estimation techniques include: 

• Coulomb Counting Method 

• Open Circuit Voltage Method 

• Kalman Filter Method 

• Neural Network-Based Estimation 

 

C. Charging Techniques 

1. Constant Current Charging 

Battery is charged using a fixed current. 

2. Constant Voltage Charging 

Voltage remains constant while charging current 

gradually decreases. 

3. Fast Charging 

Used for rapid charging but requires advanced thermal 

management. 

 

D. Smart Charging 

Smart charging systems use IoT and AI technologies 

for: 

• Real-time monitoring 

• Remote battery diagnostics 

• Predictive maintenance 

• Optimized charging scheduling 

 

V. FIRE PROTECTION SYSTEM IN EV BMS 

 

A. Causes of Battery Fire 

Battery fire may occur due to: 

• Overcharging 

• Short circuit 

• Mechanical damage 

• Thermal runaway 

• Internal cell failure 

 

B. Thermal Runaway 

Thermal runaway is a chain reaction where excessive 

heat causes uncontrollable temperature rise, leading to 

fire or explosion. 

 

C. Fire Detection Techniques 

Fire detection systems in EVs include: 

• Temperature Sensors 

• Smoke Sensors 

• Gas Sensors 

• Infrared Sensors 

 

D. Fire Protection Methods 

1. Thermal Management System 

Maintains safe battery temperature using: 

• Air Cooling 

• Liquid Cooling 

• Phase Change Materials 
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2. Automatic Shutdown Mechanism 

Disconnects battery supply during abnormal 

conditions. 
 

3. Fire Suppression Systems 

Includes: 

• Aerosol Suppression 

• Foam-Based Systems 

• CO₂ Fire Extinguishing Systems 
 

4. Battery Isolation 

Faulty battery modules are isolated to prevent fire 

spread. 

 

VI. IOT AND AI-BASED SMART BMS 

 

A. IoT-Based Monitoring 

IoT enables: 

• Cloud monitoring 

• Remote diagnostics 

• Real-time alerts 

• Data logging 

 

B. Artificial Intelligence Applications 

AI improves: 

• Fault prediction 

• SOC estimation accuracy 

• Thermal analysis 

• Predictive maintenance 

 

C. Wireless BMS 

Wireless communication reduces wiring complexity 

and improves system reliability. 

 

VII. ADVANTAGES OF EV BMS WITH FIRE 

PROTECTION 

 

• Improved battery safety 

• Increased battery lifespan 

• Real-time monitoring 

• Reduced maintenance cost 

• Enhanced charging efficiency 

• Prevention of thermal runaway 

• Better vehicle reliability 

 

 

 

VIII. CHALLENGES AND LIMITATIONS 

 

Despite significant advancements, EV BMS still faces 

several challenges: 

• High implementation cost 

• Complex thermal management 

• Accurate SOC estimation difficulty 

• Cyber security concerns in IoT systems 

• Limited fire suppression efficiency 

 

IX. FUTURE SCOPE 

 

Future developments in EV BMS may include: 

• AI-driven autonomous battery management 

• Solid-state battery integration 

• Advanced thermal cooling systems 

• Cloud-based predictive analytics 

• Self-healing battery systems 

• Improved fire-resistant battery materials 

 

X. CONCLUSION 

 

The Battery Management System is a crucial 

technology in Electric Vehicles that ensures safe and 

efficient battery operation. Integration of charge 

monitoring and fire protection systems significantly 

enhances battery safety, reliability, and performance. 

Advanced technologies such as IoT, AI, and wireless 

communication are transforming conventional BMS 

into intelligent systems capable of predictive 

monitoring and real-time fault detection. Future 

research should focus on improving battery safety, 

thermal management, and intelligent monitoring 

systems for next-generation Electric Vehicles. 
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