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Abstract— Fire is among the major threats to the safety of human life, homes and the property 
in both industrial and domestic areas. In order to resist fire threats efficiently, depends mainly 
on how early the detection of fire is done. Fire produces smoke, light and heat that help in 
identifying the fire. Fire can be disastrous and dangerous causing loss of lives and properties. 
To avoid this disastrous and dangerous fire situation, there is necessity of detecting fire at the 
early stages and act upon immediately to handle the situation. 
This paper works for the development of fire detection and alert system for early recognition 
and surveillance of fire with the help of CNN and machine vision techniques. The system 
comprises of surveillance cameras, to record the video for running the fire detection algorithm 
based on image processing to detect real time fire. This system is standalone and capable of 
transmitting recorded videos for fire detection anywhere in the world. Therefore, here we use 
CNN and computer vision technology to alert the user and fire station when fire is detected at 
the incident site. With the alert notification, a video of incident and the location of site are 
transmitted to user and fire station. As the area is constantly under surveillance, this video will 
help to perceive, how many people are trapped inside the affected area, so that the fire station 
can dispatch the team of competent rescuers on the basis of the video to rescue the people. The 
superiority of this model is that, we prevent using smoke and flame based sensors that might 
generate false alarms. In case, if this system triggers a false alarm then it can be verified by 
examining the recorded video. Hence the proposed system is used for synchronized detection 
of fire to properly detect fire incidents and send an alert, along with short video of fire to the 
remote fire alarm control unit. We correlated the execution of our method with that of recently 
reported fire detection approaches, using widely executed performance matrices for testing the 
achieved results through fire classification. This proposed system is successfully capable of 
detecting and notifying about the disastrous fire incidence at high speed and accurately. 
Future advancement in this field will include fire detection automatically and fire alarm 
generation. This system can be extended for multiple and widely scattered transmission nodes. 
Keywords—Tensorflow, OpenCV, Fire-detection, Machine Learning, CNN, python, fire 
alarm 
I. INTRODUCTION 
Early fire detection is a major problem of many countries; it is a challenging as well as a critical 
problem.  According to the report from National Crime Records Bureau (NCRB) it was 
revealed that in India there were around 9329 fire accidents cases involving about 9110 fire 
accident deaths during 2020[1]. Considering the direct influence of fire on human safety and 
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surroundings, advanced technology are required with proper approaches to detect fire flames 
at as earliest as possible, in order to prevent injuries and properties damages.  Real time fire 
detection [2] can be used to prevent the life and properties. The dense residential development 
and entangled wires with failure in implementing the standards of fire safety and security can 
cause fire devastations. There are multiple researches done to detect fire with high accuracy 
and quickly. 
The already existing fire detection systems are grouped into various fundamental categories 
such as sensor and vision based systems. Sensors like flame [11], smoke and thermal sensor. 
Sensor lacks the ability to detect static and dynamic features of the fire flames like its 
movement and its colour.  Detectors and sensors are not suitable for acquiring 
multidimensional informative data concerning the fire and the smoke. Sensors could not detect 
the smoke, fire and flame instantly in long distance, but they can detect high temperature and 
smoke in short distance quickly[4]. In addition to that, the detailed sensors network, In addition 
to that, the detailed sensor networks costs of communication, maintenance, and sustainability 
are expensive. In contradiction to sensor based systems, the vision-based [23] fire-detection 
system provides the wider range and earliest detection services as compared to sensor-based 
systems. The existing vision-based fire detection methods capture the images or videos from 
camera; transfer them to a remote host server for central processing for detecting a potential 
case of fire. Thus, they require the high bandwidth internet connectivity for transferring data at 
high speed. 
Therefore, we have proposed the vision-based fire detection and notification system that 
processes the live video stream to detect industrial and domestic fires. This system runs on the 
Machine Learning algorithm based on convolutional neural network (CNN) [2] and OpenCV 
[23] for real time fire detection using Tensorflow and Python When the fire is detected 
successfully then the registered user and fire stations are notified along with recorded video to 
control the situation as earliest as possible.  
II. LITERATURE SURVEY 
Fire detection systems are a necessity both in residential areas as well as workplaces. They are 
indeed required to keep people and surroundings safe from any fire incident as much as 
possible. Some of the major work done in the field of fire detection systems include use of 
smoke detectors which detect fire on the basis of smoke particles in the environment, for 
detecting those particles present in surrounding several techniques are used such as ionization 
or photoelectric effect by J. Mercado et al.[29] but this method involves various drawbacks 
such as distance between the position of smoke detector and the actual place of fire may be far 
leading to inability of smoke to reach the detector by H.Chen et al.[30]. Another case of 
limitation can be that the smoke might generate a bit later after the surroundings had burned 
which leads to latency in taking preventive measures.  
Apart from above mentioned method, Thermal detectors are one of the prominently used 
instruments for the purpose of detecting fire. Thermal detectors [17] react to energy released 
in the form of heat at the incident site where the fire outbreak takes place. The detector triggers 
alarm only when the temperature exceeds above a threshold value. If, the temperature will not 
reach equal to or above the specified threshold value then alarm will not trigger making this 
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system not a reliable choice. Thermal detectors are available in various forms some of them 
are Bolometer [25], Pyro-electric detector, Radiation thermo-element etc. 
Other than above mentioned systems for detection of fire, most of the systems are based on 
Infrared fire sensors which depend primarily on their positional distribution [3].In the 
Raspberry Pi [9] based fire detection model ,the system used an Infrared based sensor to trigger 
camera which captures image of fire [26]. During the study it was found out that the limitations 
of the system are its limited range of the sensor, also Infrared frequencies are influenced by 
hard articles such as dust, haze etc. 
Hence, they are not a good choice for wide area and outdoor applications. Therefore, this gives 
rise to the requirement of a machine learning based system [1] for detecting fire. 
 
III. DESIGN AND IMPLEMENTATION 
The implementation of the model is based on CNN [2]. CNN is based on neural network 
approach, used majorly for the process of image classification and recognition. The input 
images are given to the CNN image classifier which are processed and classified under 
particular groups. Input image is converted into pixels that are stored in an array.  

 
In CNN, every image frame given as input passes through a string of layers with encompasses 
input, convolution [15], Pooling and fully connected layers. All dimensions of input image data 
are initialized to make them zero-centered [1] by input layer. The convolutional layer evaluates 
the convolutional operation of these input images using kernel filters to revive the fundamental 
features [2]. Pooling layer decreases dimensions of the output image from Convolutional 
Layer. It is located among Convolutional layers. Pooling can be done using three methods: 
overlapping pooling, general pooling, and Spatial Pyramid Pooling (SPP) [17] .The last stage 
CNN architecture is usually the fully connected layers. They forward the data to the output 
layer, also simplifies which increases the speed of data calculation  [1] as shown in the Figure.1. 

 
Figure.1 CNN Architecture 

 
The CNN model for fire detection in real-time has been trained and tested with the help of 
Anaconda virtual environment using Tensorflow 2.11.0, Python 3.9.13, OpenCV and CUDA, 
cuDNN toolkits. 
The real time fire monitoring system includes a set-up of surveillance cameras which are to be 
installed at specific regions such as factories, industrial sites, indoor locations etc. Videos are 
continuously captured by the surveillance cameras which are connected to the computer system 
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for continuous processing of image frames. The captured image frames are passed as an input 
to this trained model then the model converts the image frame into an array and performs 
feature extraction over the image array .Major features that are required for object detection 
are passed to the following layers for further processing. Once the processing is done the image 
frame is classified to be containing fire or no fire in it. Using OpenCV [9], which is an open 
source library containing a large set of  programming functions used for machine  vision and 
image processing [10] purposes , a bounding box is placed around the object if it is present in 
the image frame. If it results that the fire is detected in the image, after that an alert e-mail will 
be delivered to registered user as well as the fire management department along with a small 
glimpse of the place where fire outbreak took place which may help the fire control unit to 
understand the severity of the incident and take preventive measures on time. 
In addition, a fire alarm will ring immediately as soon as fire is detected. If due to low network 
connectivity the alert [7] is not sent successfully then the system alerts the registered user via 
text message as well. The flow chart shown below in Figure. 2 describe the stepwise working 
of the system and the method of image processing done by the CNN model. 

 
Figure.2 Workflow of Fire Detection model 
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IV. TRAINING AND TESTING DATASET 
The dataset used to train the model has been taken from Kaggle. The dataset is divided into 
two groups namely training-validation group and testing group. The image dataset contains 
1900 images out of which 75% is used to train the model while 25% is used for the purpose of 
testing and validation. The model is trained using a balanced dataset which consist of images 
of fire and no fire. The batch size used is 32, while the number of epochs [13] used is 5 to train 
the model. Some of the training images are shown in Figure.3. 

 
Figure.3 Sample images 

      V.  EXPERIMENTAL RESULTS AND ANALYSIS 
A Deep Learning algorithm when implemented on a certain dataset produces a model that 
receives some input and outputs the desired result [13].  To estimate the performance of this 
fire detection model, an entity named loss is measured. The errors produced by this model are 
quantified by loss. 
The loss value signifies the errors produced by the model, if it is high then it means the model 
is producing erroneous output while if it is low then it means few errors are present in the 
output. Moreover, a cost function is used to evaluate the loss that measures error in several 
ways. The selected cost function depends upon the problem to be analysed and the data to be 
used. Such as, in this for binary classification cross entropy [2] is used. 
A. Training  Loss  
To estimate how the deep-learning model fit the training dataset is known as Training loss. 
Training loss assess errors of the model on training dataset. Mathematically, training loss is 
evaluated by inputting sum of errors [15] for each data point in training set, after each batch 
processing training loss is calculated that is envisioned by plotting a graph of the training loss. 
B.  Validation  Loss 
To estimate the performance of this Deep Learning model on Validation set on the basis of 
Validation metric is known as Validation loss [17]. Validation set is a part of the dataset kept 
aside to authenticate the performance of this model.  Validation loss is alike to Training loss 
and is evaluated by inputting the sum of errors for each data point in the Validation set. 
The graph between loss, validation loss on the abscissa and number of Epochs [15] on the 
ordinate is shown in the Figure.4. 
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Figure.4 Graph between Loss values and Epochs 

The accuracy metric is used for measuring the algorithm's performance in an illustrative 
manner. Accuracy score is the number of correct predictions [2] obtained from the model. 
When the model is tested against the testing data it was successfully able to detect fire from 
images and in  real-time experiments, a candle was used as fire source to perform the test. The 
test results from real time fire detection are shown in Figure 5. The detection score was found 
out to be 72% in the experiment.   

 
Figure. 5 Experimental Results 

VI.  CONCLUSION, FUTURE SCOPE AND LIMITATIONS            
A fire detection system based on CNN has been proposed here .Contrasting to other existing 
systems it does not have multiple hardware requirements let alone a camera[3] .Experimental 
results obtained by introducing flames from matchsticks and from candle trigger the alarm 
which shows the system is reliable for fire detection[1] in several areas. Once the fire gets 
detected, the model automatically notifies to the enrolled user on their mobile device and the 
respective fire station along with the short video depicting the actual scenario and the site of 
fire outbreak. This system can prove to be an efficient and quick response to a fire outbreak 
and can be helpful in saving multiple lives and uncountable damages that comes with a fire 
hazard. The system is expected to detect even the small traces of fire. Furthermore, the 
requirement of appliances is minimum that is already present at most of the sites, hence saving 
financial expenses. It becomes cost efficient by removing the use of costly febricity and thermal 
sensors etc. One possibility of improvement to the system can be amalgamation of more images 
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to the model to train the system for higher preciseness. Installation of high resolution cameras 
in the fire prone premises can be helpful for the system to detect fire in its early stages. 
 Possible prospective extent of above method is given below:  
Waterproof as an additional feature can be upgraded in the system.  Smoke detection can also 
be included as an additional feature. Systems can be optimized to a higher degree and more 
advanced techniques can be used to achieve Delay Reduction i.e. lesser latency. Forest fires 
can be detected through the system. The system can be deployed for defence purposes.  This 
model may be helpful in carrying out various rescue operations. 
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