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ABSTRACT: Electric vehicles (EVs) are widely adopted due to their energy efficiency and environmental benefits;
however, fire accidents caused by battery overheating, short circuits, and thermal runaway pose serious safety
challenges. To address this issue, this project proposes an loT-Based Fire Accident-Avoidance System for electric
vehicles that continuously monitors critical parameters such as battery temperature, voltage, and the presence of smoke
or gas using embedded sensors. The collected data is processed using a microcontroller and transmitted through an IoT
platform for real-time monitoring. When abnormal conditions are detected, the system generates instant alerts to the
vehicle owner and initiates preventive actions such as power cutoff to reduce fire risk. The proposed system aims to
enhance EV safety, improve reliability, and minimize fire-related accidents, making it suitable for practical
implementation in modern electric vehicles.

KEYWORDS: Temperature sensor, smoke/gas sensor, flame sensor, microcontroller, relay module, buzzer &led, IoT
cloud platform, mobile app/web dashboard

I. INTRODUCTION

Electric vehicles (EVs) are rapidly becoming a key component of modern transportation systems due to their
environmental benefits and high energy efficiency. Unlike conventional internal combustion engine vehicles that rely
on fossil fuels, electric vehicles operate using electrical energy stored in rechargeable batteries. This significantly
reduces greenhouse gas emissions, air pollution, and dependence on non-renewable energy resources. As a result, many
countries around the world are encouraging the adoption of electric vehicles through government policies, subsidies,
and investments in charging infrastructure.

The increasing popularity of electric vehicles has led to major advancements in battery technologies, motor efficiency,
and vehicle control systems. Most modern electric vehicles use lithium-ion batteries, which offer high energy density,
lightweight design, and longer lifespan compared to traditional battery technologies. These batteries provide sufficient
energy storage for long-distance travel and efficient power delivery for electric motors.

Despite these advantages, electric vehicles also face certain safety challenges, particularly related to battery systems.
One of the most serious concerns is the risk of battery overheating and fire accidents. Lithium-ion batteries contain
highly reactive chemical materials that can become unstable under certain conditions. If the battery temperature rises
beyond safe limits or if internal damage occurs, it may result in dangerous situations such as smoke generation, gas
release, or fire.

Several incidents of electric vehicle fires have been reported in recent years, often caused by battery faults, electrical
short circuits, or charging system failures. These incidents highlight the importance of implementing advanced safety

systems that can detect potential hazards early and prevent fire accidents.

Traditional safety systems in vehicles often rely on passive protective measures such as thermal insulation, fuses, and
circuit breakers. While these mechanisms provide basic protection, they may not always detect early warning signs of
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battery malfunction. Therefore, there is a growing need for intelligent monitoring systems that can continuously
observe battery conditions and identify abnormal behaviour before it develops into a dangerous situation.

To address these challenges, modern electric vehicles are increasingly incorporating smart monitoring technologies that
use sensors, microcontrollers, and communication networks. These systems allow real-time observation of battery
parameters and enable early detection of potential fire hazards. By integrating advanced monitoring technologies,
electric vehicles can achieve higher safety standards and improved reliability.

II. PROBLEM STATEMENT

Electric vehicles (EVs) use high-capacity lithium-ion batteries and power electronic systems that operate at high
voltage and current. These components are sensitive to abnormal conditions such as overheating, overcharging, internal
short circuits, and insulation failure. Such issues may lead to thermal runaway and fire accidents. Traditional Battery
Management Systems (BMS) mainly focus on charge balancing and basic protection. However, they often lack real-
time fire prediction and remote monitoring capabilities.

The lack of continuous sensor monitoring and IoT communication can delay fault detection during critical situations.
This increases the risk of sudden ignition, vehicle damage, and danger to passengers. Therefore, an IoT-based fire
accident -avoidance system is needed to monitor parameters in real time, detect faults early, and automatically take
safety actions to reduce fire hazards in electric vehicles

1. EXISTING SYSTEM

Traditional warehousing and logistics systems mainly depend on manual labour and conventional material handling
equipment such as forklifts, pallet jacks, and conveyor belts. In these systems, workers are responsible for picking,
transporting, sorting, and organizing goods within the warehouse. While this method has been widely used for many
years, it often results in inefficiencies such as slower order processing, higher labour costs, and increased chances of
human error.

Many warehouses use fixed automation systems like conveyor belts and Automated Storage and Retrieval Systems
(AS/RS). Although these systems improve efficiency to some extent, they require complex infrastructure and high
installation costs. Additionally, they lack flexibility because they operate within predefined paths and layouts. If the
warehouse layout changes or if the demand increases, modifying these systems becomes difficult and expensive.

Another limitation of the existing system is the dependency on human workers for repetitive and physically demanding
tasks. This can lead to fatigue, workplace injuries, and inconsistent productivity. Furthermore, manual inventory
tracking can cause inaccuracies in stock management, leading to delays in order fulfilment and customer
dissatisfaction.

In large distribution centres, the increasing volume of e-commerce orders has made it even more challenging for
traditional systems to keep up with the demand for faster delivery and real-time inventory management. As a result,
many warehouses face operational bottlenecks, inefficient space utilization, and higher operational costs.

IV. PROPOSED SYSTEM

The proposed system introduces Autonomous Mobile Robots (AMRs) to improve efficiency, flexibility, and
productivity in warehouse and logistics operations. AMRs are intelligent robotic systems capable of navigating
warehouse environments autonomously using sensors, cameras, artificial intelligence, and advanced navigation
algorithms.

Unlike traditional automated systems, AMRs do not require fixed infrastructure such as tracks or conveyor lines. They
can dynamically plan their routes, avoid obstacles, and adjust to changes in the warehouse layout. This flexibility
allows warehouses to easily scale operations and adapt to changing demands without significant infrastructure
modifications.

In the proposed system, AMRs are integrated with warehouse management systems (WMS) to perform tasks such as
item picking, goods transportation, inventory movement, and order fulfilment. The robots communicate with
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centralized control systems to receive task instructions and coordinate with other robots in the warehouse. This
coordination ensures efficient task allocation and reduces idle time.

The implementation of AMRs significantly reduces manual labour requirements and minimizes human errors. Workers
can focus on supervisory and value-added tasks instead of repetitive material handling activities. Additionally, AMRs
improve safety by reducing accidents associated with heavy machinery and manual lifting.

Another advantage of the proposed system is real-time monitoring and data collection. Sensors and software systems
allow warehouse managers to track robot movements, monitor inventory levels, and analyse operational performance.
This data-driven approach helps in optimizing warechouse operations and improving decision-making.

Overall, the proposed system enhances operational efficiency, reduces costs, improves accuracy in order fulfilment, and
supports the growing demands of modern supply chains and e-commerce logistics.
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VI. DESIGN AND SELECTION OF COMPONENTS

ARDUINO IDE

Arduino/Genuine Uno is a microcontroller board based on the ATmega328P . It has 14 digital input/output pins (of
which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz quartz crystal, a USB connection, a power jack, an
ICSP header and a reset button. It contains everything needed to support the microcontroller; simply connect it to a
computer with a USB cable or power it with a AC-to-DC adapter or battery to get started.. You can tinker with your
UNO without worrying too much about doing something wrong, worst case scenario you can replace the chip for a few
dollars and start over again

FLAME SENSORS

The flame sensor is used to detect the flame occurrence. When the sensor detects the fire then it became short-circuit.
When there is no fire the sensor become open circuit
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GAS SENSORS

Ideal sensor for use to detect the presence of a dangerous LPG leak in your car or in a service station, storage tank
environment. This unit can be easily incorporated into an alarm unit, to sound an alarm or give a visual indication of the
LPG concentration. The sensor has excellent sensitivity combined with a quick response time. The sensor can also
sense iso-butane, propane, LNG and cigarette smoke.

RELAY

A relay is an electrically operated switch. Current flowing through the coil of the relay creates a magnetic field which
attracts a lever and changes the switch contacts. The coil current can be on or off so relays have two switch positions
and they are double throw (changeover) switches. Relays allow one circuit to switch a second circuit which can be
completely separate from the first. For example a low voltage battery circuit can use a relay to switch a 230V AC mains
circuit. There is no electrical connection inside the relay between the two circuits; the link is magnetic and mechanical.
The coil of a relay passes a relatively large current, typically 30mA for a 12V relay, but it can be as much as 100mA for
relays designed to operate from lower voltages. Most ICs (chips) cannot provide this current and a transistor is usually
used to amplify the small IC current to the larger value required for the relay coil. The maximum output current for the
popular 555 timer IC is 200mA so these devices can supply relay coils directly without amplification.

LCD DISPLAY

A liquid crystal display (LCD) is a thin, flat electronic visual display that uses the light modulating properties of
liquid crystals (LCs). LCs do not emit light directly. They are used in a wide range of applications including: computer
monitors, television, instrument panels, aircraft cockpit displays, signage, etc. They are common in consumer devices
such as video players, gaming devices, clocks, watches, calculators, and telephones. LCDs have displaced cathode ray
tube(CRT) displays in most applications. They are usually more compact, lightweight, portable, less expensive, more
reliable, and easier on the eyes. They are available in a wider range of screen sizes than CRT and plasma displays, and
since they do not use phosphors, they cannot suffer image burn-in.LCDs are more energy efficient and offer safer
disposal than CRTs. Its low electrical power consumption enables it to be used in battery-powered electronic
equipment. It is an electronically-modulated optical device made up of any number of pixels filled with liquid crystals
and arrayed in front of a light source (backlight) or reflector to produce images in color or monochrome. The earliest
discovery leading to the development of LCD technology, the discovery of liquid crystals, dates from 1888. By 2008,
worldwide sales of televisions with LCD screens had surpassed the sale of CRT units.

VII. SOFTWARE INSTALLATION

Software is an essential component in the development of embedded systems and IoT-based applications. It acts as the
interface between the hardware components and the user, allowing the system to perform specific tasks automatically.
In embedded systems, software is responsible for controlling sensors, processing data, managing communication
modules, and executing programmed instructions to achieve the desired functionality. In most embedded and IoT
projects, the microcontroller is programmed using specialized software tools that allow developers to write, compile,
and upload programs to the hardware device. The efficiency of the software determines how effectively the system can
collect data from sensors, process it, and control output devices.

For many embedded projects, Arduino IDE is used as the development environment, while Embedded C is used as the
programming language. These tools provide a simple and flexible platform for designing and implementing embedded
applications. The software continuously monitors input signals from sensors and performs operations based on
predefined conditions. It also enables communication between the system and external devices such as displays, [oT
platforms, or mobile applications. Proper software design ensures that the system operates reliably, responds quickly to
changing conditions, and performs its functions efficiently. Therefore, selecting the right programming tools and
developing optimized code are important aspects of embedded system development.

Arduino IDE

The Arduino Integrated Development Environment (IDE) is an open-source software platform used to develop and
upload programs to Arduino boards and other compatible microcontrollers. It provides a user-friendly interface that
simplifies the process of writing and testing embedded system programs. Arduino IDE supports multiple operating
systems including Windows, Linux, and macOS, making it accessible to a wide range of users. The environment
contains a built-in text editor where programmers can write their code, known as a sketch. These sketches are written
using a simplified version of the C/C++ programming language.
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The Arduino IDE includes several important components that help developers during program development. The code
editor is used to write and modify the program. The toolbar provides quick access to commonly used functions such as
verifying the program, uploading code to the microcontroller, and saving files. The message area and console display
error messages, compilation results, and debugging information. One of the major advantages of Arduino IDE is the
availability of a large collection of libraries. These libraries simplify programming by providing ready-made functions
for sensors, communication modules, displays, and other hardware devices. By using these libraries, developers can
easily integrate different components into their projects without writing complex code.

Another important feature of Arduino IDE is the Serial Monitor, which allows developers to view real-time data from
the microcontroller. This feature is very useful for debugging and testing sensor readings during system development.
When a program is written in the Arduino IDE, it must first be compiled. During compilation, the software checks the
program for syntax errors and converts it into machine code that the microcontroller can understand. After successful
compilation, the program is uploaded to the Arduino board using a USB connection.

Once the program is uploaded, the microcontroller executes the instructions continuously. The Arduino IDE therefore
serves as a complete development platform for programming, testing, and debugging embedded systems.

Embedded C
Embedded C is a programming language used for developing software in embedded systems. It is an extension of the C
programming language and is specifically designed for programming microcontrollers and hardware-based devices.

Embedded C provides direct access to hardware components such as input/output ports, timers, communication
modules, and memory registers. This allows programmers to control sensors, actuators, and other electronic devices
efficiently. In embedded system development, the program must interact closely with the hardware. Embedded C
allows the programmer to read data from sensors, perform logical operations, and control output devices such as LEDs,
motors, buzzers, and displays.

A typical Embedded C program contains several sections, including header files, variable declarations, initialization
routines, and the main program loop. In Arduino-based systems, the program structure mainly consists of two
functions: setup() and loop(). The setup() function is executed once when the microcontroller starts running. It is used
to initialize input and output pins, configure communication modules, and prepare sensors for operation. The loop()
function runs continuously after the setup function. It performs the main tasks of the system such as reading sensor
values, processing data, and controlling output devices. Since the loop runs repeatedly, the system can continuously
monitor inputs and respond to changes in real time. Embedded C supports various programming structures such as
conditional statements, loops, and functions. Conditional statements such as if-else allow the program to make
decisions based on sensor readings. Loops such as for and while are used for repetitive operations.

Embedded C also supports communication protocols such as UART, SPI, and 12C, which allow the microcontroller to
communicate with external devices. These protocols enable data exchange between sensors, displays, memory devices,
and IoT communication modules. Because embedded systems often operate in real-time environments, Embedded C
programs must be optimized for speed, memory efficiency, and reliability. Proper programming ensures that the system
responds quickly and operates without errors.

Importance of Software in Embedded Systems

Software plays a critical role in the functioning of embedded systems. It acts as the intelligence of the system,
controlling hardware components and ensuring that the device performs its intended tasks.

The main functions performed by software in embedded systems include:

Reading data from sensors and input devices.

Processing and analyzing collected data.

Controlling output devices such as LEDs, displays, and motors.

Managing communication between different hardware components.

Enabling data transmission to external systems or IoT platforms.

Implementing safety and control mechanisms.

Providing real-time monitoring and automation.

Well-designed software improves system performance, reliability, and efficiency. It also makes the system easier to
maintain and upgrade. In modern embedded and IoT systems, software enables automation, remote monitoring, and
intelligent decision-making.
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VIII. RESULT AND ANALYSIS

The IoT-Based Fire Accident-Avoidance System in Electric Vehicles (EVs) was developed and tested to evaluate its
ability to monitor battery conditions and detect potential fire hazards in real time. The system integrates temperature
sensors, voltage monitoring circuits, and smoke/gas detection sensors connected to a microcontroller. The collected
sensor data is continuously transmitted to an IoT platform where it can be monitored remotely through a user interface.
The experimental setup was designed to simulate different operating conditions of an electric vehicle battery to analyze
the performance and reliability of the proposed system.

During normal operating conditions, the sensors continuously monitored the battery temperature, voltage levels, and
surrounding environmental parameters. The collected data was successfully transmitted to the IoT dashboard without
significant delay, demonstrating the system’s capability for real-time monitoring. The temperature readings remained
within the safe operating range of the battery, and the voltage levels were observed to be stable. This confirms that the
system can effectively track the normal operational parameters of the EV battery

IX. CONCLUSION

The increasing adoption of electric vehicles has significantly contributed to sustainable transportation by reducing
greenhouse gas emissions and dependence on fossil fuels. However, safety concerns related to battery failures and fire
accidents remain a critical challenge in the widespread use of EVs. Issues such as battery overheating, internal short
circuits, thermal runaway, and gas leakage can lead to severe fire hazards if they are not detected at an early stage.
Therefore, the development of an efficient monitoring and preventive system is essential to improve the safety and
reliability of electric vehicles.The proposed IoT-Based Fire Accident-Avoidance System in Electric Vehicles
provides an intelligent solution for monitoring critical parameters that may lead to fire incidents. By integrating sensors
such as temperature sensors, voltage sensors, and smoke or gas sensors with a microcontroller, the system continuously
observes the condition of the EV battery and surrounding environment. The collected sensor data is processed and
transmitted through an IoT platform, enabling real-time monitoring and remote access for vehicle owners or system
administrators.
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