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Abstract: The increasing prevalence of electronic systems in modern vehicles has brought significant advancements in safety, yet
also introduced new risks, particularly concerning fire hazards. There have been a lot of fire incidents where passengers were
unable to evacuate in time due to absence of safety measures. This project presents an innovative Automated Vehicle Safety
System designed to enhance passenger safety by automatically responding to the detection of smoke or fire within the vehicle.
The system integrates advanced sensors to detect smoke, fire, and potentially toxic elements, providing early warnings to drivers
and passengers. Upon detecting a critical situation, the system swiftly initiates countermeasures. The vehicle's battery is
automatically cut off to prevent fire propagation. Simultaneously, all car doors are unlocked, and seat belts are ejected to
facilitate rapid evacuation. The system's performance is evaluated through extensive testing and simulation to optimize its
effectiveness in safeguarding lives and minimizing property damage in smoke and fire emergencies.

Keywords: Automated Vehicle Safety System, Fire Hazard Mitigation, Smoke And Fire Detection, Door Unlocking And Seatbelt
Ejection

I.  INTRODUCTION

Modern vehicles are increasingly equipped with advanced electronic systems to enhance comfort, connectivity, and performance.
However, the integration of complex electrical and electronic components also brings about new safety challenges, particularly in
the context of fire hazards. Vehicle fires can arise from several factors, including electrical malfunctions, engine overheating, fuel
leaks, and even mechanical failures. The consequences of such incidents can be catastrophic, resulting in severe injuries, loss of life,
and significant property damage. Traditional fire safety measures in vehicles are often limited to manual intervention or basic
warning signals, which may not provide sufficient time for evacuation. This highlights the need for a more proactive and automated
approach to vehicle safety. In this context, the Automated Vehicle Safety System proposed in this project aims to address these
challenges by integrating state-of-the-art sensors and automated response mechanisms. The system is designed to detect fire and
smoke within the vehicle at an early stage and initiate a series of automated safety measures to safeguard the occupants.

The proposed system combines real-time monitoring, rapid response, and robust actuation to mitigate risks associated with fire
emergencies. By incorporating advanced sensors and microcontroller-based control logic, the system not only alerts the passengers
but also takes immediate actions, such as cutting off the battery power, unlocking doors, and ejecting seat belts. This comprehensive
safety mechanism is expected to enhance passenger safety and reduce the likelihood of fatal outcomes during vehicle fire incidents

A. Limitations of Conventional Vehicle Safety System

The Traditional vehicle safety systems primarily focus on collision detection and passenger protection during accidents, often
neglecting fire-related incidents. In most cases, fire safety measures are limited to manual extinguishers or basic smoke alarms,
which rely heavily on human intervention. This limitation poses a significant risk when passengers are incapacitated or unaware of
the fire hazard.

Furthermore, the lack of automatic safety protocols during fire emergencies results in delayed responses, compromising evacuation
efforts. For instance, in the event of an engine fire, occupants may be trapped inside due to jammed doors or malfunctioning
electronic locks. Additionally, conventional systems do not offer automatic battery cutoff, leading to increased fire propagation due
to short circuits or fuel ignition. The absence of real-time monitoring also prevents early detection, increasing the likelihood of
catastrophic outcomes.

B. The Role of Automated Vehicle Safety System In Case Of Fire
Automated safety systems in vehicles play a crucial role in mitigating risks associated with fire and smoke incidents. Unlike
traditional safety measures that rely on manual intervention, automated systems proactively monitor environmental conditions
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within the vehicle, ensuring timely detection of hazardous situations. These systems integrate various sensors to detect temperature
variations, smoke presence, and air quality, allowing for rapid identification of potential fire hazards.

Upon detection of smoke or elevated temperatures, the automated system initiates a series of safety protocols. These may include
activating voice alerts, unlocking doors, ejecting seat belts, and cutting off the vehicle’s battery power to prevent fire escalation. By
minimizing human intervention, these systems ensure faster response times, which is vital in scenarios where passengers may be
incapacitated or unaware of the danger. Automated safety systems thus significantly enhance the overall safety profile of modern
vehicles, offering reliable protection against fire emergencies.

C. Automated Fire And Smoke Detection With Vehicle Safety Enhancement

The proposed system integrates a comprehensive array of sensors to detect fire and smoke within the vehicle accurately and

efficiently. Utilizing advanced temperature sensors, smoke detectors, and air quality monitoring devices, the system continuously

monitors the vehicle environment to identify potential fire hazards. Upon detecting critical conditions, it automatically triggers a

series of safety measures aimed at ensuring passenger safety and preventing fire propagation.

Key safety actions include automatic battery disconnection to eliminate power sources that could fuel the fire, immediate unlocking

of doors to facilitate quick evacuation, and the ejection of seat belts to free trapped passengers. Additionally, alerts are activated to

inform occupants of the emergency. By integrating these automated responses, the system minimizes human intervention and

significantly reduces the time taken to initiate safety protocols. The proactive nature of the system enhances the safety of passengers

during fire emergencies, ultimately reducing the risk of injury or fatality.

The Automated Vehicle Safety System for fire and smoke detection integrates a combination of sensors to monitor various

parameters within the vehicle. These sensors are essential in detecting potential fire hazards and ensuring timely responses. The key

components used are:

o Temperature Sensors: Placed strategically in critical areas like the engine bay, cabin, exhaust, and trunk. These sensors monitor
abnormal heat levels and help detect fire risks.

o Smoke Detectors: Installed within the vehicle cabin to detect the presence of smoke, indicating a potential fire outbreak.

e Air Quality Sensors: Monitor the presence of harmful gases that may result from combustion, signaling potential fire hazards.

e Motion Sensors: Detect sudden changes in vehicle movement, particularly when the vehicle comes to an unexpected stop due to
fire or smoke.

e Arduino Nano: Serves as the central processing unit, collecting data from the sensors and triggering safety responses when
abnormal conditions are detected.

The system operates by continuously collecting data from the sensors and performing real-time analysis using the Arduino Nano.

When an anomaly is detected—such as a rapid rise in temperature or the presence of smoke—the Arduino Nano automatically

triggers safety protocols. These actions include:

1) Displaying an alert message on the LCD screen to inform passengers of the hazard.

2) Unlocking all car doors to enable quick evacuation.

3) Ejecting seat belts to free passengers.

4) Cutting off the vehicle’s battery power to reduce the risk of fire spreading.

By automating these critical safety measures, the system significantly reduces response time, minimizing human intervention and

enhancing overall passenger safety during fire emergencies.

The integration of multiple sensors ensures reliable detection, while the Arduino Nano efficiently manages data processing and

safety protocol execution. This comprehensive approach makes the system highly effective in reducing risks associated with

vehicular fires. Furthermore, the system's ability to function autonomously without human intervention makes it ideal for modern

vehicles

1. RELATED WORKS
In recent years, there has been an increased focus on integrating fire and smoke detection systems with automated vehicle safety
mechanisms to enhance passenger protection. The use of temperature, smoke, and air quality sensors, along with automated
responses such as engine shutdown and seatbelt ejection, has proven to be an effective approach in addressing vehicle safety during
fire hazards. Several studies and projects have explored similar concepts, focusing on sensor-based detection and automated
emergency responses in vehicles.
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A. Car Fire Detection and Automatic Car Door Opening Using loT

This work highlights the critical need for fire detection in road transport to prevent fatalities caused by locked vehicle doors during
fire accidents. Traditional fire detection systems in automobiles focus primarily on identifying fire hazards but do not address
occupant safety in emergency scenarios. This system integrates flame, temperature, and smoke sensors along with an automated car
door unlocking mechanism, hazard light activation, and an alarm system, ensuring quick evacuation of passengers. Additionally, a
modified mobile CO--based air-conditioning unit is used to suppress the fire. The prototype was tested on a mid-sized vehicle,
demonstrating a practical and efficient approach to fire safety in automobiles.

With modern vehicles incorporating multiple ignition sources due to fuel efficiency, cost reduction, and material composition, the
risk of fire outbreaks remains a persistent challenge. Research efforts in this domain focus on developing intelligent fire detection
and suppression systems to mitigate risks and enhance passenger safety. The proposed loT-based system contributes to this growing
field by offering an automated, real-time response mechanism, which can be a significant addition to fire safety technologies in
automobiles.

B. Fire detection & fire alarm systems in heavy vehicles.

Fire detection and alarm systems play a crucial role in enhancing safety in heavy vehicles, particularly in preventing catastrophic
incidents caused by engine compartment fires. A significant study focused on developing an international test standard for fire
detection systems in the engine compartments of heavy vehicles. This research compiled extensive background information on fire
detection technologies, relevant standards and guidelines, fire causes, durability factors, and environmental conditions affecting
detection efficiency. The study involved numerous experimental tests to generate data for standard development. Additionally, it
explored fire detection solutions for bus and coach toilet compartments and driver sleeping areas, providing recommendations to
improve fire safety in these critical sections. The findings from this research have been documented in multiple reports, contributing
to the advancement of fire safety regulations and system design in heavy vehicle manufacturing.

This work aligns with ongoing efforts to improve automated fire detection and suppression systems, ensuring that vehicles are
equipped with reliable and standardized safety mechanisms. The insights from this study provide a foundation for further
advancements in fire detection technologies, making transportation safer for passengers and drivers alike.

C. Vehicle fire detection and prediction system using sensor networks

Advancements in sensor network technology have significantly improved fire detection and prediction systems in vehicles. One
such study, Vehicle Fire Detection and Prediction System Using Sensor Networks, focuses on leveraging gas sensors and
temperature sensors to detect and monitor fire incidents caused by electrical and electronic faults in automobiles.

The system operates by continuously monitoring environmental conditions using a sensor network, where multiple sensors collect
data from different locations and transmit it to a central hub for analysis. Upon detecting abnormal temperature spikes or hazardous
gas levels, the system triggers an alarm and sends emergency alerts to authorities, enabling a rapid response to prevent fire
escalation. Additionally, the system incorporates fire suppression mechanisms to mitigate risks.

This research contributes to the development of real-time fire monitoring and predictive fire detection systems, which enhance
vehicle safety. By integrating loT-based sensor networks, such systems can provide early warnings and automated emergency
responses, reducing the likelihood of fire-related casualties and property damage. The findings from this study align with ongoing
efforts to improve fire prevention technologies in modern automotive safety systems.

D. Challenges in Current Solutions

Despite advancements in vehicle fire detection systems, several challenges persist. One major issue is delayed detection and
response, as most systems detect fire only after ignition rather than identifying early warning signs such as overheating or electrical
faults. This limits the effectiveness of suppression mechanisms and emergency response. Additionally, fire prediction capabilities
are inadequate, as current solutions primarily focus on detecting flames, smoke, or high temperatures instead of proactively
identifying risk factors like fuel leaks or short circuits.

Another significant challenge is sensor accuracy and reliability, as environmental factors such as dust, humidity, and vibrations can
affect sensor performance, leading to false alarms or failure to detect actual fires. Furthermore, power consumption in loT-based
fire detection systems is a concern, particularly in electric vehicles where excessive energy use can drain the battery. Integrating
fire detection with other vehicle safety features, such as engine shut-off and automatic braking, remains complex and
underdeveloped.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 5105



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue V May 2025- Available at www.ijraset.com

In systems that incorporate automatic door unlocking during fire emergencies, security risks arise, including potential unauthorized
access or accidental door opening due to system malfunctions. Additionally, fire detection in heavy vehicles presents unique
challenges, as engine compartments, fuel systems, and enclosed spaces like driver sleeping areas require specialized sensor
placement and monitoring. Cost is another limiting factor, as implementing advanced fire detection technology with multiple
sensors and 0T connectivity increases vehicle manufacturing costs, making widespread adoption difficult. Retrofitting older
vehicles with such systems is even more expensive. Moreover, alert transmission in loT-based systems relies on network
connectivity, which can be unreliable in remote areas, delaying emergency notifications.

Lastly, the lack of standardized fire safety regulations for vehicles leads to inconsistent implementations across different
manufacturers and regions. The absence of a unified global standard makes compliance difficult and slows down the adoption of
advanced fire detection solutions. To address these challenges, future systems should focus on Al-driven predictive analysis, more
durable and self-calibrating sensors, low-power 10T designs, and seamless integration with other safety mechanisms. Establishing
global fire safety standards is also essential for ensuring uniformity and effectiveness across all vehicle types.

E. Directions for Future Research and Innovation

Future research should focus on Al-driven predictive fire detection, using machine learning to analyze sensor data and distinguish
real threats from false alarms. Smart sensor networks with multi-sensor fusion and loT-based remote monitoring can enable real-
time alerts to emergency services and vehicle owners. Improving emergency response mechanisms is essential. Future systems
should adapt to fire severity, incorporating automated fire suppression using nano-fluids or dry chemical agents. Enhancing
automatic seat belt release and door unlocking will ensure effective evacuation while preventing unauthorized access.

Developing energy-efficient, self-powered fire detection systems is another key direction. Energy harvesting techniques like
thermoelectric or kinetic energy can provide backup power for critical systems. VV2X communication should be integrated to send
real-time fire alerts to emergency services, infrastructure, and nearby vehicles. With the rise of electric and autonomous vehicles,
research should address thermal runaway detection in EV batteries and equip autonomous vehicles with intelligent fire response
systems for safe stopping and evacuation. Finally, global fire safety standards must be established to ensure consistency across
manufacturers, enabling wider adoption of advanced fire prevention technologies.

.  MARTIALS AND METHODS

A. System Overview
The integrated fire and smoke detection with automated vehicle safety system is designed to detect fire or smoke within a vehicle
and respond with safety mechanisms. It combines temperature sensors, smoke detectors, and air quality sensors with automated
vehicle control components like braking, battery shutdown, seatbelt ejection, and door unlocking.
Key Features:

o Multi-Sensor Integration: Combines temperature, smoke, air quality, and motion sensors for comprehensive hazard detection.

o Real-Time Response: Immediate activation of safety measures, such as braking and automatic braking, when danger is detected.

o Automated Safety Mechanisms: Includes seatbelt ejection and door unlocking to enable rapid evacuation.

o Centralized Control: Arduino Mega processes sensor data and coordinates the activation of safety protocols.

» Reliable Operation: Designed to function efficiently even in harsh vehicle environments.

B. Hardware Components and Their Roles

Component Function

Monitors temperature at critical points to check for over
heating or fire.

Temperature Sensor

Smoke Sensor Identifies Smoke, When smoke is detected triggers warning
. . Monitors gas concentration to detect harmful fumes or fire
Air Quality Sensor
related gas
Vehicle Motion Sensor Constantly monitors speed variations to assess risks.
Relay Module Acts as a switch to control seatbelt ejection.

A microcontroller that processes sensor data and manages

Arduino Nano .
system operations.
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Servo Motor Used for automatic car door unlocking
DC-DC Buck Converter Steps down supplied voltage to level suitable for different
components
Facilitate communication between Arduino nano and LCD
12C Protocol display

Figure 1: Components Table

C. System Working Principle & Data Flow
Step 1. System Initialization and Monitoring

e  The system powers up, and sensors are calibrated.

e The system continuously monitors environmental conditions using the DHT11 temperature sensors, smoke detectors, air

quality sensors, and the vehicle motion sensor.

Step2. Data Acquisition

e  Sensor detects abnormal values and sends data to Arduino Nano for processing.
Step3. Data Processing

¢ Arduino Nano evaluates data and determines whether emergency response is required based on preset threshold.
Step4. Warning Display

o If a critical situation is identified system displays warning message.
Step 5. Automatic Braking

e System activates automatic braking to halt the vehicle
Step 6. Door Unlocking

e Activates automatic car door unlocking for quick exit
Step 7. Seatbelt Ejection

¢ Activates seatbelt ejection using relay to aid quick exit
Step 8. System Shutdown

o After completing above sequence system shutdowns to prevent further hazards

Smoke Sensor Warning/Alert
(cabin & trunk) (LCD Display)
Seatbelt
Ejection
Temperature
Sensor Arduino Nano || Actuators
(cabin &trunk) (Solenoid, Door
| Relay, Motor) Unlocking
—
Air Quality .
Sensor(cabin) [™ Battery Cut
Off

Figure 2: Block Diagram of the Proposed System
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IV.RESULT AND DISCUSSION

A. Results

The experimental setup involved the development of a prototype that integrated multiple safety components within a controlled
environment to simulate vehicle conditions. The system was tested for fire, smoke, air quality variations, and vehicle motion. The
results demonstrated quick detection and activation of safety mechanisms. The system effectively displayed warnings on the LCD,
performed automatic braking, unlocked doors, and ejected seatbelts when hazardous conditions were detected. The response times
were found to be within acceptable limits, ensuring reliable operation during critical situations. The analysis indicates that the
proposed system significantly improves vehicle safety by integrating efficient hazard detection and rapid safety responses.

B. Discussion

The proposed integrated fire and smoke detection system with automated vehicle safety features addresses critical safety gaps
present in existing vehicle fire management systems. Unlike traditional systems that primarily focus on detecting fire or smoke and
merely triggering alarms, this system proactively initiates safety measures. By combining automatic braking, door unlocking, and
seatbelt ejection with real-time hazard detection, the system not only alerts occupants but also facilitates rapid evacuation. This
holistic approach significantly reduces the risk of injury or fatality during fire emergencies.

During experimentation, the system demonstrated consistent performance in detecting smoke, abnormal temperatures, and air
quality changes. The use of the DHT11 sensor for temperature monitoring proved to be effective, while the smoke detector
accurately identified hazardous conditions. Moreover, the inclusion of the vehicle motion sensor enabled the system to discern
whether the vehicle was stationary or moving, allowing for context-sensitive safety responses. The LCD display effectively
communicated real-time data and warnings, enhancing user awareness. The system's ability to execute automatic braking and trigger
door unlocking and seatbelt ejection in sequence ensures a well-orchestrated safety protocol.

However, certain challenges were identified during the testing phase. One such issue was maintaining the accuracy of sensor
readings under fluctuating environmental conditions, particularly temperature variations within the engine bay. Additionally, the
time taken to trigger safety mechanisms could be further optimized for faster response. Future improvements may involve using
more advanced sensors with higher precision and incorporating redundant safety checks to account for sensor failures. Despite these
challenges, the system proves to be a valuable advancement in enhancing automotive safety through integrated hazard detection and
automated response.
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V. CONCLUSION
The Integrated Fire and Smoke Detection with Automated Vehicle Safety System presents a significant advancement in automotive
safety, addressing the critical need for rapid and automated responses during fire emergencies. Unlike traditional systems that
primarily focus on hazard detection alone, this proposed system seamlessly combines fire detection with proactive safety measures
such as automatic braking, door unlocking, and seatbelt ejection. By integrating multi-sensor monitoring, real-time response
mechanisms, and efficient communication through the 12C protocol, the system ensures comprehensive safety management within
the vehicle environment.
The use of Arduino Nano as the core control unit, combined with robust hardware components like DHT11 temperature sensors,
smoke detectors, and servo motors, contributes to the system’s reliability and effectiveness. The integration of DC-DC buck
converters ensures stable power management, while the LCD display provides continuous updates on environmental conditions and
warning alerts, enhancing user awareness and preparedness. Through systematic testing, the system demonstrated the ability to
promptly detect hazardous situations and respond with coordinated safety measures, significantly reducing the risk of harm to
occupants. Moreover, the implementation of automatic braking in combination with door unlocking and seatbelt ejection introduces
a holistic approach to vehicle safety during fire outbreaks. The stepwise execution of these actions minimizes panic and ensures an
organized evacuation process.
Additionally, the fail-safe mechanism, which reverts to manual control in case of system malfunction, adds an extra layer of
security, thereby making the system practical for real-world applications. While the system has proven effective in controlled
experiments, further enhancements could involve integrating advanced sensor technologies to increase detection accuracy and
reduce response time. Incorporating machine learning algorithms to predict fire hazards based on sensor patterns could also improve
early warning capabilities. Overall, the proposed system represents a promising solution to modern vehicle safety challenges,
offering a proactive and automated approach to mitigating fire-related risks.
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