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ABSTRACT
Fire accidents pose serious threats to life, property,

and the environment, necessitating the development
of intelligent and responsive early-warning systems.
This study presents a Smart Fire Detection System
leveraging OpenCV-based image processing on the
compact and cost-effective Raspberry Pi platform.
Unlike traditional fire detection methods that rely
solely on temperature sensors or smoke detectors, the
proposed system uses visual cues to identify the
presence of fire in real time. By analyzing color
features and dynamic motion patterns within captured
frames, the system accurately detects flames and
initiates immediate alerts. The integration of
computer vision and edge computing enables fast,
efficient, and autonomous detection suitable for
homes, offices, and industrial facilities. The system
supports real-time monitoring, is energy-efficient,
and can be connected to loT-based alert mechanisms
for wider safety applications.

I.  INTRODUCTION
Fire detection is a critical component of any safety
infrastructure, yet conventional systems often suffer
from delays or false alarms due to reliance on heat
and smoke sensors alone. With the advancement of
computer vision and the increasing accessibility of
embedded systems, there is a growing opportunity to
develop intelligent fire detection solutions that are
both affordable and effective.
This research proposes a smart fire detection system
based on the Raspberry Pi, a widely used single-
board computer, paired with a camera module and the
OpenCV (Open Source Computer Vision Library).
The system continuously captures video frames,
processes the images in real time, and identifies fire
based on characteristic color ranges (primarily hues
in the red, orange, and yellow spectrum) and pixel
intensity variations. When fire-like patterns are
detected, an alert mechanism—such as a buzzer,
email, or IoT-based notification—is triggered to warn
users.
The choice of Raspberry Pi ensures a low-cost,
portable, and energy-efficient platform for
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continuous monitoring, making the system ideal for
deployment in remote or resource-constrained
environments. This project not only aims to enhance
early fire detection capabilities but also contributes to
the field of edge computing and embedded vision
systems, offering an adaptable solution for real-world
fire safety applications

1.1 PROJECT OVERVIEW:

The project focuses on developing a fire detection
system using image processing techniques and
Raspberry Pi 3, along with a camera module, buzzer,
and LCD display. The objective is to create an
automated and efficient solution for detecting fires
based on analysing images captured by the camera.
The system utilizes the capabilities of Raspberry Pi 3
as the central processing unit and control unit. It is
connected to a camera module, which continuously
captures images or video frames of the monitored
area. These images are processed using image
analysis algorithms to identify fire-related patterns or
characteristics.

The image processing techniques employed may
include colour-based segmentation, edge detection, or
template matching. By evaluating pixel intensity
values and applying thresholding techniques, the
system can distinguish between normal scenes and
potential fire situations. If a fire is detected, the
system triggers the buzzer for audible alerts, ensuring
that individuals in the vicinity are promptly alerted to
the danger.

The system also incorporates an LCD display to
provide visual feedback and status updates. The LCD
screen can display relevant information, such as the
fire detection status, alarm activation, or evacuation
instructions. This enhances the user interface and
ensures that users have real-time information
regarding the fire situation.

The image processing-based fire detection system
offers several advantages. It provides a quick and
automated response to fire incidents, minimizing the
risk of property damage and potential harm to
individuals. The use of image processing techniques
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allows for accurate and reliable fire detection,
reducing false alarms. The integration of Raspberry
Pi 3, camera module, buzzer, and LCD display
ensures a comprehensive and user-friendly system.
1.2 MOTIVATION OF PROJECT:

The motivation behind developing an image
processing-based fire detection system using
Raspberry Pi 3, camera, buzzer, and LCD display
stems from the critical need for efficient and timely
fire detection in various environments. Fires can pose
significant risks to life, property, and the
environment, and early detection plays a crucial role
in minimizing these risks.

Traditional fire detection systems often rely on
smoke or heat sensors, which may not be sufficient in
certain scenarios or may lead to false alarms. By
leveraging image processing techniques, the
proposed system aims to overcome these limitations
and provide a more accurate and reliable fire
detection solution.

The Raspberry Pi 3, with its computational
capabilities and connectivity options, offers a
versatile platform for developing advanced fire
detection systems. It allows for real-time image
processing and analysis, enabling quick and accurate
fire detection. The integration of a camera module
provides visual information that can be analysed to
identify fire-related patterns or characteristics.

The use of image processing techniques allows for
the detection of fires based on visual cues, such as
colour, texture, and shape, which can improve the
accuracy of the system. Additionally, by utilizing
Raspberry Pi's capabilities, the system can be easily
integrated with other components like a buzzer and
LCD display for immediate alerts and visual
feedback. The motivation behind this project is to
develop a cost-effective and efficient fire detection
system that can be deployed in various environments,
including homes, offices, and public spaces. By
providing an early warning of fires, the system aims
to enhance fire safety measures, facilitate timely
evacuation, and reduce the potential for property
damage and casualties.

1.3 OBJECTIVES OF PROJECT:

Develop a reliable and accurate fire detection system:
The primary objective of the project is to create a fire
detection system using image processing techniques
that can accurately and reliably detect fires in various
environments. The system should be able to analyse
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captured images and identify fire-related patterns or
characteristics with a high degree of accuracy.
Utilize Raspberry Pi 3 and camera module: The
project aims to leverage the computational
capabilities of Raspberry Pi 3 and the visual data
provided by a camera module to perform real-time
image processing for fire detection. The objective is
to utilize the features and capabilities of these
components effectively to create an efficient fire
detection system.
Implement image processing algorithms: The project
involves implementing and optimizing image
processing algorithms for fire detection. These
algorithms may include colour-based segmentation,
edge detection, or template matching techniques. The
objective is to develop robust algorithms that can
accurately detect fires while minimizing false alarms.
Integrate a buzzer for audible alerts: An important
objective is to integrate a buzzer into the system to
provide audible alerts upon fire detection. The buzzer
should produce a loud sound to attract attention and
prompt immediate action from individuals in the
vicinity. Camera Integration:

II. BLOCK DIAGRAM:

Camera Text

Relay Module

Raspberry pi > LCD

BUZZER

[Fig 1.4: Block Representatior

* Raspberry Pi supports the use of camera modules
specifically designed for it. These camera modules
can capture still images or record videos.

* To integrate the camera with Raspberry Pi, you
need to connect it to the dedicated camera connector
on the Raspberry Pi board.

* The camera can be controlled and accessed using
software libraries and APIs provided by the
Raspberry Pi Foundation. Python is commonly used
for camera control and image processing tasks.
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* Once connected and configured, the camera can
capture images or videos of the area being monitored
for fire detection.

2. LCD Display:

* An LCD (Liquid Crystal Display) can be connected
to the Raspberry Pi to provide visual output and
display relevant information.

* The LCD can be connected to the Raspberry Pi's
GPIO pins or through other display interfaces such as
HDMI or DSI (Display Serial Interface).

» Using appropriate libraries or programming
languages like Python, you can control the LCD to
display information related to fire detection, such as
alerts, sensor readings, or status updates.

* The Raspberry Pi continuously monitors the fire
detection system, processes the sensor data, triggers
alerts, and updates the LCD display accordingly.

III. LITERATURE SURVEY

The literature survey plays a crucial role in
understanding the current state-of-the- art in the field
of image processing-based fire detection systems
using Raspberry Pi 3, camera modules, buzzers, and
LCD displays. This survey aims to gather and
analyze existing research papers, studies, and
technical publications that have explored similar
projects and technologies.

The objective of the literature survey is to gain
insights into the methodologies, techniques, and
findings of previous works related to image
processing-based fire detection systems. By
reviewing the literature, the project can identify the
challenges, limitations, and opportunities in this area,
leading to a more informed and effective design and
implementation.

The literature survey begins with an introduction to
the project topic, focusing on the use of Raspberry Pi
3 as the core processing unit and the integration of a
camera module, buzzer, and LCD display. It then
proceeds to explore the existing literature,
encompassing research articles, conference papers,
and other relevant sources.

The review of the literature entails a critical analysis
of the image processing algorithms employed in
previous studies for fire detection. This includes
techniques such as color-based segmentation, edge
detection, and template matching. The survey also
examines the performance of different camera
modules in capturing fire-related patterns or
characteristics accurately.
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Iv. TECHNICAL DESCRIPTION

4.1 DESCRIPTION :

The image processing-based fire detection project
using Raspberry Pi 3, camera modules, buzzers, and
LCD displays aims to develop a system that can
effectively detect fires in real-time and provide
prompt alerts for immediate action. The project
utilizes image processing algorithms and hardware
integration to create a reliable fire detection solution.
The core component of the system is the Raspberry
Pi 3, which acts as the central processing unit. It is
responsible for capturing images from the camera
module and performing real-time image processing
for fire detection. The camera module captures video
frames of the environment and feeds them to the
Raspberry Pi for analysis.

The image processing algorithms employed in the
project are designed to identify fire-related patterns
or characteristics within the captured images.
Techniques such as colour-based segmentation, edge
detection, and template matching may be used to
distinguish fire pixels from the background and
accurately detect the presence of a fire. These
algorithms are implemented and optimized on the
Raspberry Pi to ensure efficient processing and real-
time performance.

Upon fire detection, the system triggers the buzzer to
emit an audible alert. The buzzer serves as an
important component for immediate notification,
attracting attention and prompting individuals to take
necessary actions, such as evacuating the area or
contacting emergency services.

In addition to the buzzer, an LCD display is
integrated into the system to provide visual feedback
and status updates. The LCD display can show real-
time information about the fire detection, such as the
fire's location or severity. It may also display
evacuation instructions or emergency contact details
to assist in the response and evacuation process.

4.2 WORKING

The image processing-based fire detection system
using Raspberry Pi 3, camera modules, buzzers, and
LCD displays follows a specific workflow to detect
fires and provide timely alerts. The working process
can be summarized as follows:

* Image Acquisition: The camera module captures
video frames of the environment continuously. These
frames are sent to the Raspberry Pi 3 for further
processing.
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» Image Pre-processing: The captured frames may
undergo pre-processing steps to enhance image
quality and reduce noise. This can include techniques
such as resizing, noise filtering, and colour correction
to ensure optimal image analysis.

* Fire Detection Algorithm: The pre-processed
frames are subjected to fire detection algorithms.
These algorithms utilize image processing techniques
to identify fire-related patterns or characteristics
within the frames. For example, colour-based
segmentation techniques can be employed to identify
regions with fire-like colours, or edge detection
algorithms can be used to detect the boundaries of
flames.

» Fire Verification: Once potential fire regions are
identified, further verification steps may be applied to
reduce false positives. This can include analyzing the
size, shape, and movement of the detected regions to
determine if they correspond to actual fire
occurrences.

e Alert Generation: When a fire is confirmed, the
system triggers the buzzer to emit an audible alert.
The buzzer's activation is synchronized with the fire
detection event to ensure immediate notification.

* Visual Feedback: Simultaneously, the LCD display
provides visual feedback by showing relevant
information about the fire detection. This can include
the location of the fire, its severity, or instructions for
evacuation.

* Alert Management: The system may incorporate
additional features for managing the alerts, such as
sending notifications to a remote server or triggering
other safety mechanisms like sprinkler systems or
emergency lighting.

The system continuously analyses the video frames,
performing real-time fire detection and generating
alerts as soon as a fire is detected. This enables swift
response and intervention, reducing the potential
risks and damages caused by fires.

4.3 CIRCUIT DIAGRAM:

12C LCD

SCL SDA
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Fig 1: Circuit Diagram
V.  RESULT AND
CONNECTIONS
5.1 CIRCUIT DIAGRAM:

CIRCUIT

12¢ LCD

SCL SDA

Figure 2 : Circuit Diagram
5.2 RESULT:

Figure 4 Circuit with power supply
5.3 Applications:
1. Home Fire Detection: Raspberry Pi can be utilized
to build a cost-effective fire detection system for
residential properties. It can integrate with smoke
detectors, temperature sensors, and alarms to provide
early warnings and trigger appropriate responses.
2. Industrial Fire Monitoring: Raspberry Pi-based fire
detection systems can be deployed in industrial
settings to monitor critical areas for fire or smoke
events. Integration with thermal cameras, gas sensors,
and alarm systems can provide enhanced safety
measures.
3. Smart Buildings: Raspberry Pi can be part of a
smart building infrastructure, where it can monitor
multiple areas for fire detection, send alerts to
building management systems, and initiate
evacuation procedures when necessary.
4. 10T Fire Detection: The combination of Raspberry
Pi with Internet of Things (IoT) technologies allows
for remote monitoring and control of fire detection
systems. Data can be sent to cloud platforms for
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advanced analytics, historical analysis, and
centralized management.

5. Research and Development: Raspberry Pi's
flexibility and affordability make it an ideal platform
for research and development of new fire detection
algorithms, techniques, and sensor integrations.

5.4 Advantages:

1. Cost-Effective Solution

2. Customization and Flexibility

3. Connectivity: Raspberry Pi boards come with
built-in networking capabilities, such as Wi- Fi and
Ethernet, allowing for easy integration into existing
networks. This connectivity enables real-time data
transmission, notifications, and remote monitoring.

4. Integration with Sensors

5. Data Processing and Analysis

5.5 Disadvantages:

1. Processing Limitations: Raspberry Pi boards have
finite processing power compared to dedicated fire
detection systems. Complex algorithms or large-scale
data processing may strain the device, potentially
affecting real-time detection and response.

2. Reliability: As Raspberry Pi is a general-purpose
computing platform, its reliability for critical
applications, such as fire detection, might be a
concern. System stability, power supply, and
environmental factors need to be carefully managed
to ensure consistent operation.

3. Limited Scalability: While Raspberry Pi can
handle small-scale fire detection systems effectively,
scaling up to larger installations may present
challenges. Coordinating multiple Raspberry Pi
devices and managing the network infrastructure can
be more complex compared to dedicated fire
detection systems.

VI. CONCLUSION

The proposed Smart Fire Detection System using
OpenCV and Raspberry Pi successfully demonstrates
the potential of image processing techniques in real-
time fire detection applications. The system
accurately identifies fire through visual analysis,
responding quickly to potential hazards without
depending on environmental sensors alone. It
combines the benefits of low-cost hardware, real-time
processing, and customizable alert mechanisms,
making it suitable for both residential and industrial
safety use.

This vision-based approach minimizes false alarms
typically caused by smoke or temperature
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fluctuations, and the system’s compact, edge-based
design allows for deployment in a variety of
environments. The project proves that intelligent
monitoring using embedded vision can enhance
traditional fire detection frameworks, paving the way
for smarter, more responsive safety solutions.

Future enhancements may include the integration of
Al-based flame recognition, cloud connectivity for
data logging, and thermal imaging to increase
detection reliability in challenging visual conditions.
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