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ABSTRACT: Fire accidents pose a serious threat to human life, industrial assets, and public infrastructure. Early
detection and quick response are essential to minimize damage caused by fire incidents. Conventional fire detection
systems rely mainly on smoke detectors and heat sensors that trigger alarms locally. These systems often lack
intelligent monitoring, visual confirmation, and automated suppression mechanisms, which may lead to delayed
response and increased damage. This project presents a Smart Fire Detection and Suppression System using Raspberry Pi
3. The Raspberry Pi acts as the central controller and continuously monitors environmental conditions using fire-related
sensors. When abnormal conditions indicating potential fire are detected, a USB camera connected to the Raspberry Pi
captures images of the monitored area. To provide wider monitoring coverage, the camera is mounted on a stepper motor-
based rotating mechanism that allows the system to scan different directions. Once fire is detected and confirmed, the
Raspberry Pi activates a relay module connected to a DC water pump. The pump automatically sprays water to suppress
the fire and prevent it from spreading. The system can also display captured images and system status through a
monitoring interface. The proposed solution improves fire detection reliability and response time by integrating sensor
monitoring, camera surveillance, and automated fire suppression. This system can be effectively deployed in residential
buildings, industries, warehouses, and other fire-prone environments.

KEYWORDS: Raspberry Pi, Fire Detection, Embedded Systems, Smart Monitoring, Fire Suppression, [oT.
I. INTRODUCTION

Fire accidents are one of the most dangerous hazards affecting human life and property. Fires can occur in various
environments such as residential buildings, industries, warehouses, laboratories, and commercial infrastructures. These
incidents may result from electrical faults, overheating equipment, gas leaks, or accidental ignition sources. Early fire
detection is crucial to prevent the rapid spread of flames and minimize potential damage. Traditional fire detection
systems usually consist of smoke detectors and heat sensors connected to alarm units. When abnormal environmental
conditions are detected, these systems activate alarms to alert occupants.

Although traditional systems provide basic fire protection, they have several limitations. Most conventional systems
only generate local alarm signals and do not provide remote monitoring or detailed information about the fire incident.
In many cases, authorities or building managers cannot determine the exact location or severity of the fire until they
physically inspect the area. Another limitation of traditional systems is the lack of visual monitoring. When an alarm is
triggered, there is no camera system to verify whether the fire is real or caused by environmental disturbances such as
dust or steam. This may lead to false alarms and delayed response during actual emergencies. With advancements in
embedded systems and smart computing technologies, it has become possible to develop intelligent monitoring
solutions that combine sensors, cameras, and automated control mechanisms.

The Raspberry Pi is a powerful single-board computer capable of processing camera data, capturing images, controlling
external devices, and running monitoring software simultaneously. Due to its flexibility and low cost, it is widely used
in IoT and automation projects. The proposed system utilizes Raspberry Pi 3 to monitor environmental conditions,
capture images of suspected fire areas, and activate a water pump through a relay module to suppress fire
automatically.This integrated approach enhances fire safety and improves response time.

II. RELATED WORK

Many researchers have developed fire detection systems using sensors and microcontrollers. Earlier systems mainly
used smoke sensors and temperature sensors to detect fire conditions. These systems were simple but sometimes
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produced false alarms or delayed responses. With the advancement of IoT, modern systems use Raspberry Pi and
wireless communication to send real-time alerts to users.

Some systems also include cameras and image processing techniques to visually detect fireVision-based systems use
color detection methods such as RGB and HSV to identify fire in images. However, these systems may be affected by
lighting conditions and similar colors. To improve accuracy, recent research combines both sensor-based and vision-
based detection methods. This hybrid approach reduces false alarms and increases reliability. However, there is still
scope for improvement in accuracy and response time.

1. METHODOLOGY

The proposed smart fire detection system using Raspberry Pi is designed to continuously monitor environmental
conditions and detect fire in real time. In this system, camera is used to detect fire-related parameters. These camera
send data to the Raspberry Pi, which acts as the main processing unit. A Pi Camera is used to capture real-time images.
The Raspberry Pi processes these images using image processing techniques to detect fire based on color patterns

Using IoT technology, the processed data is transmitted to an online platform through Wi-Fi, allowing users to monitor
the system remotely. The system also displays information on an LCD screen for local monitoring. When fire is
detected, the system sends alert messages nearby people and sends notifications to users. Additionally, a water pump
can be activated automatically to control the fire.
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FIG 1: BLOCK DIAGRAM OF SMART FIRE DETECTION SYSTEM USING RASPBERRY PI

Fig 1 shows the block diagram of the smart fire detection system using Raspberry Pi. The system is designed to detect
fire at an early stage and take necessary actions automatically to reduce damage. The SMPS (Switched Mode Power
Supply) provides the required power to the entire system by converting AC supply into regulated DC voltage. The
output is further maintained using DC-DC converters, which ensure that each component receives the appropriate and
stable voltage for proper operation. The Raspberry Pi acts as the main controller of the system. It processes data from
all connected components and controls the overall functioning. A USB camera is connected to the Raspberry Pi to
capture real-time images of the surrounding area for fire detection. To increase the coverage area, a stepper motor is
used, which rotates the camera in different directions. This helps the system to monitor a wider area and detect fire
from multiple angles. When fire is detected through sensors or image processing, the Raspberry Pi activates a water
pump to suppress the fire automatically. This reduces the spread of fire and improves safety. Additionally, the system
sends alert notifications to a mobile device through Wi-Fi, enabling remote monitoring and quick response from the
user.
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IV. EXPERIMENTAL RESULTS

The proposed smart fire detection system provides real-time monitoring using a camera-based approach. The system
continuously captures live video through the camera and processes the images using the Raspberry Pi to identify fire-
related patterns such as flame color and intensity. The processed output is displayed on an LCD for local monitoring.
When fire is detected in the captured images, the system immediately generates an alert messages are sent to the user’s
mobile device for quick response. The system can further respond by activating a water pump to control the fire
automatically. The experimental results show that the system performs efficiently under different lighting conditions

and is capable of accurately detecting fire in real time.

Fig 2:
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Fig 2 shows the results smart fire detection system using raspberry pi (a) camera module detecting for fire,(b) fire
pixels values with no fire detection,(c) camera module detected the fire,(d) fire pixels values with fire detected ,(e) alert
notifications to users.

V. CONCLUSION

The Smart Fire Detection and Suppression System using Raspberry Pi represents a significant step forward in
accessible, automated fire safety technology. By unifying sensor- based environmental monitoring, camera-based visual
fire detection, and automated water pump suppression within a single low-cost embedded platform, the project
demonstrates that effective automated fire response is achievable without the high costs traditionally associated with
such systems. The system successfully achieves all objectives defined at the outset of the project.

The stepper motor-based camera scanning extends coverage beyond what a fixed camera could achieve. The relay-
controlled water pump provides automatic suppression with an average response time of 2 seconds from fire
establishment to pump activation. In conclusion, this project demonstrates the power of combining modern embedded
computing platforms, affordable sensors, computer vision techniques, and thoughtful system design to create an
intelligent safety solution that genuinely contributes to fire protection.
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