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Abstract  

Fires are one of the biggest challenges in the world right now, due to the global warming that the planet 

is currently suffering from. We all know what fires are and what they are capable of causing great damage, 

whether to humans, animals, or other forms of life. Fires spreading increasingly around the world due to 

increasing global warming, it has become imperative to develop an intelligent system that detects fires 

early, using modern technology. Therefore, we used one of the artificial intelligence techniques, which is 

machine learning, which is one of the popular methods now. Professionals have done a lot of research, 

experiments, and coding software to detect fires using machine learning. Image processing is a type of 

processing in which the input image is transformed into another image as output with certain techniques 

applied to it. In this concept, we will create a fire detecting device using a usb or system camera and a 

application and apply the concepts of IoT and Image Processing to get real time fire detection results. 

When the device is switched on, it continuously monitors the area Infront of camera for fires. This is done 

by using HAAR Cascade Classifier Algorithm. Once detected the system could be hooked up with either 

fire extinguishers to make them work independently or it could just set an alarm or send a notification to 

the users mobile device via GSM. The after processing possibilities are endless. 
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1. Introduction  

As we all know, nowadays the occurrence of disasters are increasing day by day. One of the major 

disasters include Fire starting in homes/offices, etc. The current fire-fighting technology includes use of 

manual work, i.e., Fire Extinguishers. Till the time someone goes to cease the fire, it has already been 

spread out. In our concept, we are planning to make an automated fire extinguisher system, which would 

activate as soon as a fire starts. Quoted from https://www.who.int/, according to a study in 2022, there 

were 2,80,000 above serious cases of burns due to fire. This include household fires, office fires, industrial 

area fires, etc. To put out fire, traditionally use of Fire Extinguishers is done. The user goes to the area 

effected, and manually uses the fire extinguisher there. The time required the user to reach the place may 

result in increase in the intensity of fire or spreading of fire around the place. The project aims at creating 

an advanced device based on Image Processing to cease the fire as soon as it starts. The system would be 

fully automated and hence no need of any human interference is required. 
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2. Related work  

The field of fire detection has seen significant advancements with the integration of artificial intelligence  

(AI) and machine learning (ML) techniques. This section reviews notable contributions and research in 

this area, focusing on methods and systems that employ AI for improved fire detection and suppression. 

2.1 Traditional Fire Detection Methods 

Traditional fire detection systems typically include smoke detectors, heat sensors, and manual fire alarms. 

While effective in certain scenarios, these methods often lack the capability to provide real-time 

monitoring or advanced predictive analytics. Their response is generally limited to simple triggers, which 

may not be adequate for rapid or large-scale fires. Research into improving these traditional systems has 

paved the way for integrating more sophisticated technologies, such as AI. 

2.2 Machine Learning for Fire Detection 

Recent studies have explored the application of machine learning algorithms to enhance fire detection 

capabilities. These approaches involve training models on large datasets of images or videos to recognize 

patterns indicative of fire. 

• Convolutional Neural Networks (CNNs): CNNs have been widely adopted for image classification 

tasks due to their ability to capture spatial hierarchies in images. For fire detection, CNNs are trained 

to identify features such as smoke, flames, and colour changes associated with fire. Research by Al-

Mamun et al. (2021) demonstrated the effectiveness of CNNs in detecting fire in real-time video 

streams, achieving high accuracy rates compared to traditional methods. 

• Support Vector Machines (SVMs): SVMs have also been employed for fire detection by classifying 

images based on features extracted from video frames. A study by Zhang et al. (2020) utilized SVMs 

to distinguish between fire and non-fire scenarios, showing promising results in both detection speed 

and accuracy. 

2.3 Image Processing Techniques 

Image processing techniques play a crucial role in transforming raw video data into actionable 

information for fire detection. 

• HAAR Cascade Classifier: The HAAR Cascade Classifier, originally developed for face detection, 

has been adapted for fire detection due to its efficiency in processing image features. Research by Lee 

et al. (2019) demonstrated the use of HAAR Cascades for detecting flames and smoke with reasonable 

accuracy, although the system's performance can vary based on environmental conditions and image 

quality. 

• Histogram of Oriented Gradients (HOG): The HOG method, used for object detection, has been 

applied to fire detection by analysing gradient orientations in image regions. A study by Liu et al. 

(2018) showed that combining HOG features with machine learning classifiers improved the 

robustness of fire detection systems. 

2.4 Integration with IoT 

Integrating fire detection systems with Internet of Things (IoT) technologies enables remote monitoring 

and automated responses. IoT-based fire detection systems leverage sensors and communication networks 

to provide real-time alerts and activate suppression mechanisms. 

• Smart Fire Detection Systems: Research by Patel et al. (2022) introduced a smart fire detection 

system that integrates IoT sensors with machine learning algorithms to monitor building environments 

continuously. The system not only detects fires but also communicates alerts to emergency services 

and activates fire suppression systems automatically. 
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• Automated Response Mechanisms: Studies have explored the automation of fire response systems 

using IoT. For example, a study by Kumar et al. (2021) developed an IoT-enabled fire suppression 

system that integrates with machine learning-based fire detection to control extinguishing systems, 

reducing response times and potential damage. 

2.5 Challenges and Future Directions 

Despite advancements, there are challenges in implementing AI-based fire detection systems. Issues such 

as varying environmental conditions, false positives, and the need for large annotated datasets remain 

significant. Future research directions include improving algorithm robustness, reducing false alarms, and 

enhancing system integration for better real-time performance.  

 

3. Proposed Work  

The proposed method consists of using the camera captured video and use that video to detect fire 

efficiently in next to no time. This is done by using the camera which is connected to system which is a 

mini computer itself. The camera captures the video of a particular location constantly. The video is 

processed frame by frame at an instant. In case of any fire detection during the processing the buzzer is 

switched on and the buzzer rings until the fire is detected Once the fire is extinguished then the buzzer 

send the alert in different users.  These renewable resources are crucial to humanity in some way. Forest 

fires, the most common hazard to forests, severely devastate the ecology, and local ecosystem. To 

preserve forests from fires, early detection and preventive measures are required. The two most common 

existing approaches for human surveillance to accomplish early detection are Direct human monitoring 

and remote video surveillance. This study proposes a forest fire image identification approach using 

HAAR cascade algorithms to detect fires automatically. Employing this technique decreases false alarms 

and provides accurate fire detection results. The contour approach can be used to test its capability to 

monitor both interior and outdoor applications utilizing computer vision. 

 
Figure 1: Fundamental steps in digital image processing   

 The proposed system aims to enhance fire detection capabilities by utilizing real-time video analysis 

combined with advanced machine learning techniques. This system is designed to detect fires efficiently 

and autonomously, leveraging the power of computer vision and AI. Here is a detailed description of the 

proposed approach: 

3.1 System Overview 

The core of the proposed method involves a camera connected to a mini computer system. The camera 

continuously captures video of the monitored area, which is then processed frame by frame. The 

minicomputer, equipped with image processing capabilities, analyses the video feed to detect the presence  
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of fire. 

3.2 Fire Detection Algorithm 

The system employs the HAAR Cascade Classifier Algorithm for fire detection. This algorithm is well-

suited for real-time image processing due to its efficiency in feature detection. The steps involved are: 

• Video Capture: The camera captures continuous video footage of the area under surveillance. 

• Frame Processing: Each video frame is analysed individually to detect fire-related features such as 

flames or smoke. 

• Feature Detection: The HAAR Cascade Classifier is trained to recognize patterns associated with 

fire, such as the shape and colour of flames. 

• Alarm Triggering: When fire is detected in any frame, the system activates a buzzer to alert nearby 

individuals. 

3.3 Buzzer and Notification System 

To ensure timely responses, the system includes a notification mechanism: 

• Buzzer Activation: The buzzer sounds an alarm when fire is detected. It continues to ring until the 

system no longer detects fire. 

• Notification Alerts: Once the fire is extinguished, the system sends notifications to multiple users 

via GSM or other messaging services. This feature ensures that users are informed about the status of 

the fire and the effectiveness of the intervention. 

3.4 Future Work and Enhancements 

Future developments may focus on: 

• Enhanced Algorithms: Improving the HAAR Cascade Classifier and exploring other machine 

learning models to increase detection accuracy. 

• Integration with Drones: Using drones equipped with cameras and the proposed detection system 

for more extensive monitoring capabilities. 

• Data Analytics: Implementing data analytics to analyse fire patterns and improve the prediction and 

prevention strategies. 

  

4. Related Work  

4.1 Image/Video Acquisition  

This module consists of a camera. This is used to capture the video. The captured video is processed 

frame by frame. Thus, this is the most important module of the entire system. In case of fire the recorded 

image which is processed frame by frame is checked for fire. The system captures images or video frames 

of the monitored area using cameras strategically placed in the environment. 

4.2 Preprocessing:  

The acquired images or video frames undergo preprocessing to enhance their quality and prepare them 

for further analysis. This preprocessing may include tasks such as resizing, noise reduction, contrast 

enhancement, or colour space conversion. 

4.3. Fire Detection Algorithms:  

Image processing algorithms are applied to the preprocessed images or video frames to detect fire-related 

features. 

4.4 Feature Extraction:  

Relevant features related to fire, such as colour histograms, texture descriptors, or motion vectors, are 

extracted from the analysed images or video frames. These features help to distinguish fire related patterns  
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from non-fire elements and background clutter. 

4.5 Decision-making and Classification:  

The extracted features are used to make decisions regarding the presence of fire. 

4.6. Alerting and Response: 

When a fire is detected, the system triggers an alert or alarm to notify relevant personnel or authorities. 

This involve sounding alarms, displaying visual notifications, sending notifications to a central 

monitoring station.  

4.7 Flowchart System 

The flowchart of the system working is shown in the figure below. First the camera is set up with System 

or usb. Image from the camera would be processed in the system with the HAAR Cascade, and if the 

image contains fire, the system will recognize the fire and will give the output as fire detected. 

 

 
Figure 2: steps to analyse the system working 

The flowchart outlines the workflow of the proposed fire detection system, showcasing how video data 

from a camera is processed to detect fire and trigger appropriate responses. The system employs HAAR 

Cascade Classifier for fire detection and integrates a notification mechanism. This flowchart represents 
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the operational logic of the proposed fire detection system, ensuring efficient and timely detection and 

response to fire incidents. 

 

5. Methodology  

While doing computer vision tasks like in this project, we can get the information about the object by 

various techniques such as image processing, image models, RGB/HSV conversion methods and HAAR 

cascade classifiers.  

The Algorithm we use in this project is HAAR Cascade Classifier, which is a method for detecting objects 

in an image easily. The HAAR Cascade Classifier is an object detection method developed by Viola & 

Jones. This method is based on HAAR-like features, combined with the classifier which results in the 

cascade becoming strengthened. HAAR-like features are features that are widely used in detection of 

objects, offering rapid extraction process and are able to represent a lower resolution image. This method 

has been successfully applied in many object detection applications.  

The classifier is made with training a cascade file from a number of positive & negative images, which 

have the same size. After assessment of the image is done, the area which are similar to the object are 

marked as 1 whereas its marked as 0 for the areas that do not match. After the training, the cascade is 

now ready to examine further input images. The classifier goes on to look across the entire image in order 

to find similar features as the cascade of the object to be detected.  

To detect the target area more accurately and to reduce the time taken to scan every image, the scanning 

window size is changed adaptively by the classifier. During the process of classification, the model 

features the optimal rectangles in accordance with the objects and the scanning window. 

 

 
 Figure 3: steps to analyse the Edge Detection 

 

6. Conclusion  

In this paper, we have presented a novel approach for fire detection that leverages artificial intelligence 

(AI) and machine learning (ML) techniques, specifically using the HAAR Cascade Classifier algorithm 
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in combination with image processing. Our proposed system utilizes a camera connected to a mini 

computer to capture and analyze video frames in real-time, enabling efficient and accurate fire detection. 

The integration of AI into fire detection systems represents a significant advancement over traditional 

methods. By processing video frames with the HAAR Cascade Classifier, the system effectively identifies 

fire-related features such as flames and smoke. This allows for the early detection of fires, which is crucial 

for minimizing damage and enhancing safety. 

Our approach demonstrates the potential of combining AI and image processing to create intelligent fire 

detection systems. The proposed method's ability to operate autonomously reduces the need for manual 

intervention and enhances the effectiveness of fire response strategies. 

However, there are areas for future improvement. Further research could focus on refining the HAAR 

Cascade Classifier algorithm, exploring alternative machine learning models, and expanding the system's 

capabilities to include features like drone integration and advanced data analytics. Additionally, testing 

the system in various environmental conditions and real-world scenarios will be essential to validate its 

robustness and reliability. 

In conclusion, the integration of AI and image processing into fire detection systems holds great promise 

for enhancing fire safety and prevention. By leveraging modern technologies, we can develop more 

effective solutions to address the challenges posed by fire incidents, ultimately contributing to safer 

environments and better protection of lives and property.  
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