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ABSTRACT

The project aimed to detect fire by using the image processing
technology that will alert people by early detection of fire. As there are many
automatic fire alarm systems already existed like the sensor method, that has
some limitations and designed to sense fire with the smoke, limited areas. To
reduce limitations and to optimize with new technology, the project is proposed.
The project is implemented by using pycharm IDE and to connect the webcam as
hardware.Webcam is taken as an input source, which captures the video feed
from the surrounding and feeds into the system for analysis.The entire code is
written in pure python language using the open CV library for image processing.
The theoretical parts emphasize more in computer vision, machine learning,
image processing, color model, and the working algorithm of the project to detect
the fire. The project gives a better understanding of object detection with the

computer and the use of these technologies in different forms and uses.
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CHAPTER 1
INTRODUCTION
1.1 OVERVIEW

Computer Vision based fire detection using image processing has the potential to
be useful in conditions in which conventional methods cannot be adopted. The fire
detection algorithm uses visual characteristics of fires like brightness, color,
spectral texture, spectral flicker, and edge trembling to discriminate them from
other visible stimuli.There are various fire detection techniques such as infrared
sensor, a thermal detector, smoke detector, flame detector, and optical smoke
detector. These methods are not always reliable as they do not always detect the
fire itself but detect one or more phenomena resulting from fire, such as smoke,
heat, infrared, ultraviolet light radiation or gas, which could be produced in other
ways and hence, produces many false alarms.By the help of computer vision and
image processing techniques, it is possible to get better results than conventional
systems because images can provide more reliable information.

In recent times, research on detection of flame and smoke using surveillance
cameras with machine vision has gained momentum. The image processing
approach involves the extraction of the smoke-plume or flame from the
background by using frame difference technologies. In the case of the
segmentation of fire features, color processing scores over gray-scale processing.
Color processing can avoid the generation of false alarms due to variations in the
lighting conditions, e.g. natural background illumination, better than gray-scale
processing. Further, a video camera is a volume sensor, and potentially monitors a
larger area. The traditional point sensor looks at a point in space. Since the point
sensor may not be affected by smoke or flame, fire would be undetected.
However, vision-based flame and smoke detection still has great technical
challenges, since flame and smoke are non-rigid objects, with none of the primitive

image features and variability in density, lighting, etc.



1.2 SCOPE AND OBJECTIVE

The proposed software product is used in various areas like in parking
areas, road traffic congestions, agriculture, farming, there are many uses of object
detection.we are using the Haar Cascade classifier, which is very popular in object
detection through the image or any other video feeds.In future, this approach can

be extended by for other disasters as well.

1.3 DOMAIN OVERVIEW

Steps of Machine Learning

e Step 1: Gathering Data

e Step 2: Preparing that Data

e Step 3: Choosing a Model

e Step 4: Training

e Step 5: Evaluation

e Step 6: Hyper parameter Tuning
e Step 7: Prediction

Introduction:

In this blog, we will discuss the workflow of a Machine learning project this
includes all the steps required to build the proper machine learning project from
scratch.We will also go over data pre-processing, data cleaning, feature
exploration and feature engineering and show the impact that it has on Machine
Learning Model Performance. We will also cover a couple of the pre-modelling

steps that can help to improve the model performance.

Python Libraries that would be need to achieve the task:
1.Numpy
2.Pandas



3.Sci-kitLearn
4. Matplotlib

Understanding the machine learning workflow

We can define the machine learning workflow in 3 stages.

1. Gathering data

2. Data pre-processing

3. Researching the model that will be best for the type of data
4. Training and testing the model

5. Evaluation

1.3.1 MACHINE LEARNING MODEL

The machine learning model is nothing but a piece of code; an engineer or data
scientist makes it smart through training with data. So, if you give garbage to the
model, you will get garbage in return, i.e. the trained model will provide false or

wrong prediction

Gathering Data:

The process of gathering data depends on the type of project we desire to make, if
we want to make an ML project that uses real-time data, then we can build an loT
system that using different sensors data. The data set can be collected from
various sources such as a file, database, sensor and many other such sources but
the collected data cannot be used directly for performing the analysis process as
there might be a lot of missing data, extremely large values, unorganized text data
or noisy data. Therefore, to solve this problem Data Preparation is done.We can
also use some free data sets which are present on the internet. Kaggle and UCI
Machine learning Repository are the repositories that are used the most for
making Machine learning models. Kaggle is one of the most visited websites that

is used for practicing machine learning algorithms, they also host competitions in


http://www.kaggle.com/
https://archive.ics.uci.edu/ml/datasets.html
https://archive.ics.uci.edu/ml/datasets.html

which people can participate and get to test their knowledge of machine learning.



1.3.2 Data pre-processing:

Data pre-processing is one of the most important steps in machine learning. It is
the most important step that helps in building machine learning models more
accurately. In machine learning, there is an 80/20 rule. Every data scientist should
spend 80% time for data per-processing and 20% time to actually perform the
analysis.Data pre-processing is a process of cleaning the raw data i.e. the data is
collected in the real world and is converted to a clean data set. In other words,
whenever the data is gathered from different sources it is collected in a raw format
and this data isn’t feasible for the analysis.Therefore, certain steps are executed to
convert the data into a small clean data set, this part of the process is called as

data pre-processing.

As we know that data pre-processing is a process of cleaning the raw data into
clean data, so that can be used to train the model. So, we definitely need data
pre-processing to achieve good results from the applied model in machine
learning and deep learning projects.Most of the real-world data is messy, some of

these types of data are:

e Missing data: Missing data can be found when it is not continuously created
or due to technical issues in the application (I0OT system).

e Noisy data: This type of data is also called outliners, this can occur due to
human errors (human manually gathering the data) or some technical
problem of the device at the time of collection of data.

e Inconsistent data: This type of data might be collected due to human errors

(mistakes with the name or values) or duplication of data.



How can data pre-processing be performed?

These are some of the basic pre — processing techniques that can be used to

convert raw data.

e Conversion of data: As we know that Machine Learning models can only
handle numeric features, hence categorical and ordinal data must be
somehow converted into numeric features.

e Ignoring the missing values: Whenever we encounter missing data in the
data set then we can remove the row or column of data depending on our
need. This method is known to be efficient but it shouldn’t be performed if
there are a lot of missing values in the dataset.

e Filling the missing values: Whenever we encounter missing data in the data
set then we can fill the missing data manually, most commonly the mean,
median or highest frequency value is used.

e Machine learning: If we have some missing data then we can predict what
data shall be present at the empty position by using the existing data.

e Outliers detection: There are some error data that might be present in our
data set that deviates drastically from other observations in a data set.

[Example: human weight = 800 Kg; due to mistyping of extra 0]



Searching the suitable model :

Our main goal is to train the best performing model possible, using the
pre-processed data.The Machine learning is divided into two parts namely
Supevised Learning and Unsupervised Learning.So these methods will help us

with the best model.

Supervised Learning Unsupervised Learning

X O
X X oNe
X2 O X X2 5 O
O O o O
O O
Xy Xy
Fig 1.1 Supervised Learning Fig 1.2 Unsupervised Learning

1.3.3 Supervised Learning:

In Supervised learning, an Al system is presented with data which is labelled,

which means that each data tagged with the correct label.

The supervised learning is categorized into 2 other categories which are

“Classification” and “Regression”.

Classification:

Classification problem is when the target variable is categorical (i.e. the output
could be classified into classes — it belongs to either Class A or B or something

else).



A classification problem is when the output variable is a category, such as “red” or

“blue” , “disease” or “no disease” or “spam” or “not spam”.

Fig 1.3 RGB Colours

As shown in the above representation, we have 2 classes which are plotted on the
graph i.e. red and blue which can be represented as ‘setosa flower’ and ‘versicolor
flower’, we can image the X-axis as there ‘Sepal Width’ and the Y-axis as the
‘Sepal Length’, so we try to create the best fit line that separates both classes of

flowers.

These some most used classification algorithms.

K-Nearest Neighbor

e Naive Bayes

e Decision Trees/Random Forest
e Support Vector Machine

e Logistic Regression


https://mathbits.com/MathBits/TISection/Statistics1/LineFit.htm

1.3.4 Regression:

Regression is a technique for investigating the relationship between independent
variables or features and a dependent variable or outcome. It's used as a method
for predictive modelling in machine learning, in which an algorithm is used to

predict continuous outcomes.

1.4 Prediction of IQ

As shown in the above representation, we can imagine that the graph’s X-axis is
the ‘Test scores’ and the Y-axis represents ‘I1Q’. So we try to create the best fit line
in the given graph so that we can use that line to predict any approximate 1Q that

isn’t present in the given data.

These are some most used regression algorithms.

e Linear Regression
e Support Vector Regression

e Decision Tree/Random Forest


https://mathbits.com/MathBits/TISection/Statistics1/LineFit.htm
https://mathbits.com/MathBits/TISection/Statistics1/LineFit.htm

e Gaussian Processes Regression

e Ensemble Methods

1.3.5 Unsupervised Learning:

The unsupervised learning is categorized into 2 other categories which are “Clustering”

and “Association”.

Clustering:

A set of inputs is to be divided into groups. Unlike in classification, the groups are

not known beforehand, making this typically an unsupervised task.

Original unclusterad data

6 — —_— —_— 5 —

Fig 1.5 Original Clustered Data Fig 1.6 Clustered Data

Methods used for clustering are:

e Gaussian mixtures
e K-Means Clustering

e Boosting



e Hierarchical Clustering
e K-Means Clustering

e Spectral Clustering

Overview of models under categories:
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1.7 Classifications of Machine Learning

1.3.6 Training and testing the model on data:

For training a model we initially split the model into 3 three sections which are
‘Training data’ ,'Validation data’ and ‘Testing data’.You train the classifier using
‘training data set’, tune the parameters using ‘validation set’ and then test the
performance of your classifier on unseen ‘test data set’. An important point to note
is that during training the classifier only the training and/or validation set is
available. The test data set must not be used during training the classifier. The test

set will only be available during testing the classifier.



Training Set Test Set———e

10-fold Cross Validation
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Fig 1.8 Training set

Training set:

The training set is the material through which the computer learns how to process
information. Machine learning uses algorithms to perform the training part. A set of

data used for learning, that is to fit the parameters of the classifier.

1.3.7 Validation set:

Cross-validation is primarily used in applied machine learning to estimate the skill
of a machine learning model on unseen data. A set of unseen data is used from

the training data to tune the parameters of a classifier.
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Fig 1.9 Validation Set



Once the data is divided into the 3 given segments we can start the training

process.

In a data set, a training set is implemented to build up a model, while a test (or
validation) set is to validate the model built. Data points in the training set are
excluded from the test (validation) set. Usually, a data set is divided into a training
set, a validation set (some people use ‘test set’ instead) in each iteration, or

divided into a training set, a validation set and a test set in each iteration.

The model uses any one of the models that we had chosen in step 3/ point 3.
Once the model is trained we can use the same trained model to predict using the
testing data i.e. the unseen data. Once this is done we can develop a confusion
matrix, this tells us how well our model is trained. A confusion matrix has 4
parameters, which are ‘True positives’, “True Negatives’, ‘False Positives’ and
‘False Negative’. We prefer that we get more values in the True negatives and true
positives to get a more accurate model. The size of the Confusion matrix

completely depends upon the number of classes.

Predicted: Predicted:
n=165 NO YES
Actual:
NO 50 10
Actual:
YES 5 100

1.10 Confusion Matrix

True positives : These are cases in which we predicted TRUE and our predicted

output is correct.
True negatives : We predicted FALSE and our predicted output is correct.

False positives : We predicted TRUE, but the actual predicted output is



FALSE.



False negatives : We predicted FALSE, but the actual predicted output is TRUE.

We can also find out the accuracy of the model using the confusion matrix.

Accuracy = (True Positives +True Negatives) / (Total number of classes)

i.e. for the above example:

Accuracy = (100 + 50) / 165 = 0.9090 (90.9% accuracy)

Evaluation:

Model Evaluation is an integral part of the model development process. It helps to
find the best model that represents our data and how well the chosen model will

work in the future.

To improve the model we might tune the hyper-parameters of the model and try to
improve the accuracy and also looking at the confusion matrix to try to increase

the number of true positives and true negatives.

Conclusion:

In this blog, we have discussed the workflow a Machine learning project and gives

us a basic idea of how a should the problem be tackled.



CHAPTER 2
LITERATURE SURVEY

2.1 ANALYSIS OF THE LITERATURE

Literature survey is the main advance in programming improvement measure.
Prior to building up the instrument it is important to decide the time factor,
economy and friends strength. When these things are fulfilled, at that point the
subsequent stage is to figure out which working framework and language can be
utilized for building up the device. When the developers begin assembling the
apparatus the software engineers need parcel of outer help. This help can be
gotten from senior developers, from book or from sites. The major part of the
project development sector considers and fully survey all the required needs for
developing the project. Before developing the tools and the associated designing it
is necessary to determine and survey the time factor, resource requirement, man
power, economy, and company strength. Prior to building the framework the above
thought are considered for building up the proposed framework. The significant
piece of the undertaking advancement area considers and completely survey all
the necessary requirements for building up the venture. For each undertaking
Literature survey is the main area in programming improvement measure.

Prior to building up the instruments and the related planning it is important to
decide and survey the time factor, asset prerequisite, labor, economy, and friends
strength. When these things are fulfilled and completely surveyed, at that point the
following stage is to decide about the product details in the separate framework,
for example, what kind of working framework the venture would require and what
are largely the important programming are expected to continue with the
subsequent stage like building up the apparatuses, and the related activities. Here
we have taken the general surveys of different creators and noted down the
fundamental central issues with respect to their work. In this venture literature
survey assumes a prevailing part in get assets from different areas and all the
connected points that are exceptionally valuable under this segment. The most
awesome aspect if this is the manner in which things get all together and

encourages us to suite our work according to the current information.



2.2 LITERARY REVIEWS

Towards Distributed Event Detection in Wireless Sensor
Networks(IEEE2020)
Norman Dziengel et al. distributed event detection in wireless sensor networks

(WSNs) is the process of observing and evaluating an event using multiple sensor
nodes without the help of a base station or other means of central coordination
and processing. Current approaches to event detection in WSNs transmit raw data
to an external entity for evaluation or rely on simplistic pattern recognition
schemes. This implies either high communication overhead or low event detection
accuracy, especially for complex events. In this paper, we present our currently
on-going work on a system for distributed event detection that particularly suits the
specific characteristics of WSNs. Adapting traditional pattern recognition
algorithms to highly embedded devices, it uses the distributed sampling of sensor
nodes to optimize the accuracy of the event detection process. Four different
algorithms for distributing, classifying and fusing “fingerprints” of the raw data
sampled on each sensor are proposed and quantitatively evaluated in a

small-scale experiment.

Detecting and monitoring time-related abnormal events using a wireless

sensor network and mobile robot( IEEE, 2019)

YuanYuan Li and Lynne E. Parker et al. presented an anomaly detection system
that is able to detect time-related anomalies by using a wireless sensor network
and a mobile robot. The sensor network uses an unsupervised fuzzy Adaptive
Resonance Theory (ART) neural network to learn and detect intruders in a
previously unknown environment. Upon the detection of an intruder, a mobile
robot travels to the position where the intruder is detected to investigate by using
its camera. The wireless sensor network uses a hierarchical
communication/learning structure, where the mobile robot is the root node of the
tree. Our fuzzy ART network is based on Kulakov and Davcev’s implementation
[8]. However, we enhance their work by extending the fuzzy ART neural network

with a Markov model to learn a time series and detect time-related anomalies.



Finally, a mobile robot is employed to verify whether the detected anomalies

were caused by intruders.

A Novel Mechanism for Fire Detection in Subway Transportation Systems
Based on Wireless Sensor Networks(vol. 2019)

Z.-J. Zhang, J.-S. Fu, H.-P. Chiang, and Y.-M. Huang et al. said fire is a common
and disastrous phenomenon in subway transportation systems because of closed
environment and large passenger row. Traditional methods detect and forecast re
incidents by fusing the data collected by wireless sensor networks and compare
the fusion result with a threshold. However, this approach has a signicant
shortcoming. Fusion of data decreases the amount of useful information since the
distribution of data is not considered. In this paper, a novel mechanism based on
wireless sensor networks is proposed and we can use the mechanism to detect re
in subway transportation systems. e core algorithm in this mechanism is an
alternative of data fusion in wireless sensor networks. e mechanism uses the
quantity information acquired from the data and also considers the distribution
information of the data in order to predict the occurrence of re incidents. e

simulation results show that re incidents can be detected fast and eciently.

Forest Fire Smoke Detection Based on Visual Smoke Root and Diffusion
(IEEE2019)
The damage caused by forest fire to forestry resources and economy is quite

serious. As one of the most important characters of early forest fire, smoke is
widely used as a signal of forest fire. In this paper, we propose a novel forest fire
smoke detection method based on computer vision and diffusion model. Unlike
the video-based methods that usually rely on image characters extraction, we try
to find the shape of smoke that is at the generation stage. To combine vision and
diffusion model together, the basic concept of smoke root is proposed. In the
frame processing stage, none characters of fire smoke are extracted (like texture,
color, frequency information etc.), and continuous frames are only used to extract
stable points in dynamic areas as the smoke root candidate points. In the diffusion

model simulation stage, all smoke root candidate points information is adopted by



the model to generate the simulation smoke. Finally, the match algorithm based

on



color, dynamic areas and simulation smoke is implemented to get the final results.
In order to reduce the complexity of computation, we ignored the simulation
process of the smoke details, such as texture and turbulence, and only retained

the contour features in two-dimensional form.

Flutter Analysis Based Video Smoke Detection(IEEE2011)

Based on the flutter characteristic of smoke, a novel video smoke detection
algorithm is proposed. Firstly, the motion region is detected from video frames.
Then four flutter features of the motion region are extracted over a sliding time
window, including the flutter direction and three types of flutter intensities. Finally,
the neuro-fuzzy inference system is used to detect smoke, in which fuzzy rules
and membership functions are trained according to the valid sample set.
Experimental results show that the new algorithm has excellent performance on
Receiver Operating Characteristic (ROC) curve which is very important for real

application.

AN EARLY FIRE-DETECTION METHOD BASED ON IMAGE PROCESSING.
(IEEE2004 )

The paper presents an early fire-alarm raising method based on video processing.
The basic idea of the proposed of fire-detection is to adopt a RGB (red, green,
blue) model based chromatic and disorder measurement for extracting fire-pixels
and smoke-pixels. The decision function of fire-pixels is mainly deduced by the
intensity and saturation of R component. The extracted fire-pixels will be verified if
it is a real fire by both dynamics of growth and disorder, and further smoke. Based
on iterative checking on the growing ratio of flames, a fire-alarm is given when the
alarm-raising condition is met. Experimental results show that the developed
technique can achieve fully automatic surveillance of fire accident with a lower
false alarm rate and thus is very attractive for the important military, social security,

commercial applications, and so on, at a general cost.



CHAPTER 3
SYSTEM ANALYSIS

3.1 EXISTING SYSTEM
The methods and classifiers used in the existing system are:
e Correlation based analysis and transformation methods
e Data Mining Approach to Predict Forest Fires using Meteorological Data
e SVM classifier
e Circle-based Approximation to Forest Fires with Distributed Wireless
Sensor Networks using clustering

e Event Detection in Wireless Sensor Networks for Disaster Management

3.2 PROBLEM STATEMENT:

The main motivation for fire prediction is to provide proper resource allocation and
to help in best possible way to firefighters of Fire Management team. The main
factors of fire are Meteorological conditions. the climatic information is gotten from
nearby sensors which are fused in the closest meteorological stations. Land with a
possible high fire risk has many indicators that can be used to measure the
forecast by closely evaluating the indications. Every year, fire destroys millions of
hectares of land. These fires have burned vast areas and generate more carbon
monoxide than total vehicle traffic.Monitoring potential danger areas and early
warning of fire can greatly reduce response time, as well as the potential for

damage and firefighting costs.

3.3 PROPSOED SYTEM:

Here In Fire Detection, We Are Using The Haar Cascade Classifier, Which Is Very
Popular In Object Detection Through The Image Or Any Other Video Feeds.For
Detection We Use Open Cv Which Is A Library Of Python Bindings Designed To
Solve Computer Vision Problems.We Use Adaboost Algorithm Which Is A
Learning Algorithm Used To Train The Classifier And Selects The Best Subset Of



Features.( |cade Classifier Is Used For The Accuracy Of Identification. It Is

Compose gg Several Stages Consisting Of A Strong Classifier.
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3.4 SYSTEM

DESIGN Modules:

e Detection

e Haar-like Features

e Integral Image

e Training and Learning

e Adaptive Boosting (Ada Boost)

e (Cascading




Detection:

The procedure for detecting fire classifies images based on the value of simple
features from an image. While detecting the fire, first of all, image is converted into
grayscale since it is easy to work with, and it has less data rather than RGB color
images

The algorithm outlines a box and searches for the fire in the image,, the box is
searching for Haar-like features.

Along with small steps, the box detects the features like edges, brightness level
from the image of fire, and then data collected by boxes are put together, which

helps to determine where the fire is located

3.5 Haar-like Features:

Haar features are similar to convolutional kernels, which are used to detect the
presence of those features in the given image.

The grayscale has some features some of the regions are black, some regions are
white, and some region is slightly darker or vice-versa from each other which
helps the machine to understand an image.

He Haar features like edge features, line features, center-surround features
rectangle is moved around the image.

The color white and black is decided according to the region. Which compares the
brightness and extracts features by assigning some values as it goes and inspects
through that region in an image.

» The construction of the haar is like that of a confirmed egg and is utilized to

decide if these properties are displayed in a given picture.

« Dim has a few dark regions and some have white regions, some are hazier or

some are a method for aiding the vehicle feel the picture.

. He Haar has side highlights, line elements, and elements around the focal

point of the square shape.



. White and dark are territorially supported. It represents light and disposes of
the trademark by allocating a particular worth as it goes through the photo and

controlling the region.

Applying Haar-features

P - EE
« o.1 NN
o i - .
r .1 [N

Ideal values Real values

Fig 3.3 Haar Features
Formula:
A=dull -white=1n) I (x)ndark-1nlI(x)
For positive pictures, A: 1-0=1

For the genuine picture, A: 0.67 - 0.15 = 0.52

Integral Image:

The integral image plays an important role. It gives a boost to the calculation,
which makes the approach as fast as possible because there are thousands of
pixels that need to be calculated.

While applying rectangular haar features the sum of pixels in unshaded rectangles
sides are subtracted from the sum of the pixel in the shaded side of rectangles.
Even for a small size images there are lots of features (over 160,000 for a 24x24

image).



Since due to large number of features the algorithm requires iterating overall
features, the features must be computed efficiently. So to solve this issue integral
image is introduced.

The sum of the pixel in rectangle D can be calculated with reference to four arrays.
The value of the image at location 1 is the sum of pixels in a rectangle.
Respectively value at position 2 is A+B, value at position 20 3 is A+C, and value at

position 4 is A+B+C+D.

Training and Learning:

Extracting features from an image to detection. The machine is now trained to
identify the features from the input. So it is fed with lots of information so that it can
predict objects from the information.

To train the machine, It needs a lot of pictures of fire, different fireplaces,
conditions of fire, also known as a positive image. Concerning that, many negative
images were uploaded.

The negative image refers to pictures in which fire is not included in an image.
Negative images are uploaded so it can differentiate between the two classes,
which helps to an algorithm which features are more likely to be a fire and which

are not expected to be fire.

Adaptive Boosting (Ada Boost):

Adaboost algorithm is a learning algorithm used to train the classifier and selects
the best subset of features. The algorithm learns from the data that is given and
determine the false positive and true negatives in data.
F(x)= a1f1(x) + a2f2(x) + ....
Here F(x) is the strong classifier, and a1f1(x), a2f2(x) are weak classifiers where
a1, a2 are the weights, and f1, f2 are the features.
So the strong classifier is made up of many weak classifiers since one weak
classifier is not good as adding more classifiers makes the algorithm stronger and

accurate, which is called an ensemble.



Cascading:

Cascade classifier is used for the accuracy of identification. It is composed of
several stages consisting of a strong classifier. Those strong classifiers are
passed by So all the features are grouped in several stages where each stage has
a certain number of features.
The use of these several stages is used to determine whether the given input sub
window has features of fire or not if there are no features of fire, then the given
sub window is discarded and fails to go for other stages.

there are some stages stage 1 and stage 2. Usually, the first few stages will
contain very less numbers of features.

If the window fails, it is discarded if not apply the second stage of features and
continue the process. The window or stage which passes all the features of fire,

then it is detected as fire.

3.6 WORKING PRINCIPLE:

The first step is the training of the classifier, as mentioned early. Training for the
highly accurate classifier needs lots of time and processing power, so here we
only used a little number of pictures.

After training the fire cascade classifier, the captured frame from the webcam is
converted into grayscale. The reason for converting frame into grayscale is
because the frame captured by webcam is in RGB color.

Since RGB images have three channels of colors, so if the image is converted into
grayscale, there will be only one channel, either black or white, which is easy to
process.

After the conversion, the fire classifier is used, which will help to find the features
and location of images. Parameters like scale factor and min neighbor are passed.
These factors are an essential factor in detecting fire. A scale factor is used for
creating of scale pyramid because while training the classifier fixed size of the
image is trained, so the scale factor will allow rescaling the size of an input frame

to detect the fire.



Another parameter min 24 neighbor will determine the quality of an image here

for thesis min neighbor factor

3.7 SYSTEM REQUIREMENTS:

HARDWARE REQUIREMENTS:

System : Pentium i3 Processor.
Hard Disk : 500 GB.

Monitor : 15” LED

Input Devices : Keyboard, Mouse
Ram:2 GB

SOFTWARE REQUIREMENTS:

Operating system: Windows 7.
Coding Language: python
Tool: Anaconda Navigator
Libraries: OpenCV



CHAPTER 4

Results and Discussion

Fig 4.1 Result Screen Shot

Since the test was performed during room lighting, the estimations must be

changed by the room light to be effective.

. In case of a fire, a boisterous commotion. The outcomes are likewise

displayed as FIRE.

. Assuming that there is no fire, the outcome won't be NO FIRE



Chapter 5
Conclusion and Future Work

5.1 Conclusion:

The project aimed to detect fire with a different approach rather than using an
existing system. As technology is getting better and better as to keep it up with the
technology and to minimize the limitations also, the new system has created. By
using image processing technology for detecting the fire, these limitations can be
reduced because in this system camera acts like a human eye, as it detects a fire,
the video is captured, and the image is processed using the software alert user. It
can be used everywhere eg. Hospital, railway station, forest etc. The designed
prototype successfully detects fire. gives the review analysis, designing system,
and algorithm, test, and result.

Currently, we not used the systems like a smoke detector and sprinkler water

discharge systems, but in future it can be included.

5.2 Limitation & Future scope:

Due to safety reasons, the effectiveness of the system cannot be tested in the full
phase, so here for the prototype demo, the lighter is used as the source of fire as it
has the same features and characteristics of the fire. There is some error in
detection when the fire is far away from the camera because of the size of the
flame. The system can be made more accurate and precise by using other
machine learning algorithms like YOLO(You Only Look Once), Tensorflow, Keras
algorithm, neural network like CNN, RCNN, which are more advanced than the

current algorithm.
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APPENDIX

A.SAMPLE CODING

import cv2

import numpy as np
import math

import pygame
pygame.init()

pygame.mixer.music.load("alarm.wav")
windowName = "OpenCV Video Player"

cv2.namedWindow(windowName)

cap = cv2.VideoCapture(0)

ret, Iframe = cap.read()
LI,A, B =
cv2.split(lframe)

S| = np.zeros(np.shape(Ll))
print(SI)

NOI=0

NOc =0

CGO =0

x=1

dt=0

nop =0

count=0

mc =0

while (ret):

ret, frame = cap.read()



if ret:
LI, A, B = cv2.split(Iframe)



ret, frame = cap.read()

cframe = frame

cv2.imshow("FIRE", frame)

b, g, r = cv2.split(frame)

rt =230

gb = cv2.compare(g, b, cv2.CMP_GT)
rg = cv2.compare(r, g, cv2.CMP_GT)
rrt = cv2.compare(r, rt, cv2.CMP_GT)
rgb = cv2.bitwise_and(rg, gb)

im = cv2.bitwise_and(rgb, rrt)

# cv2.imshow("RGB",im)

t=5

p="1

k = cv2.getStructuringElement(cv2.MORPH_CROSS, ((t, t,)))
# print(k)

dil = cv2.dilate(im, k, iterations=p)

er = cv2.erode(im, k, iterations=p)

fin = cv2.bitwise_and(er, dil)

# cv2.imshow("FIRE",frame)

# cv2.imshow("segmented fire",cv2.bitwise _and(frame,frame,mask=fin))

img_ycrcb = cv2.cvtColor(frame, cv2.COLOR_BGR2YCR_CB)
Y, Cr, Cb = cv2.split(img_ycrcb)

Ym = np.mean(Y)

Crm = np.mean(Cr)

Cbm = np.mean(Cb)

I1 = cv2.compare(Y, Ym, cv2.CMP_GT)
I2 = cv2.compare(Cb, Cbm, cv2.CMP_LT)
I3 = cv2.compare(Cr, Crm, cv2.CMP_GT)
12 = cv2.bitwise_and(l1, 12)

123 = cv2.bitwise _and(l12, I3)



1123 = cv2.bitwise_and(l12, 123)



# cv2.imshow("1123",1123)
cberdiff = cv2.absdiff(Cb, Cr)
asd = cv2.compare(cbcerdiff, 40, cv2.CMP_GT)

# cv2.imshow("asd", asd)

img_cie = cv2.cvtColor(frame, cv2.COLOR_BGR2Lab)
L, a, b = cv2.split(img_cie)

Lm = np.mean(L)

am = np.mean(a)

bm = np.mean(b)

R1 = cv2.compare(L, Lm, cv2.CMP_GT)
R2 = cv2.compare(a, am, cv2.CMP_GT)
R3 = cv2.compare(b, bm, cv2.CMP_GT)
R4 = cv2.compare(b, a, cv2.CMP_GT)
R12 = cv2.bitwise_and(R1, R2)

R34 = cv2.bitwise_and(R3, R4)

R14 = cv2.bitwise_and(R1, R4)

# cv2.imshow("R14",R14)

kl = cv2.getStructuringElement(cv2.MORPH_CROSS, ((t, t,)))
e R14 = cv2.erode(R14, kI, iterations=p)

d_R14 = cv2.dilate(R14, kl, iterations=p)

bin_cie = cv2.bitwise_and(e_R14, d_R14)

# cv2.imshow("cie_res",cv2.bitwise _and(frame,frame,mask=bin_cie))

im = cv2.bitwise_and(bin_cie, im)
# cv2.imshow("RGBCIE",im)

cframe = cv2.cvtColor(frame, cv2.COLOR_BGR2Lab)
Lc, A, B = cv2.split(cframe)

DIfd = cv2.absdiff(Lc, LI)
# cv2.imshow("difd",DIfd)



u_DIfd = np.mean(DIfd)



sd_DIfd = np.std(DIfd)

if u_DIfd + sd_DIfd >= 10:
Tfd = u_DIfd + sd_DIfd
else:
Tfd =10

_, FD = cv2.threshold(DIfd, Tfd, 255, cv2. THRESH_BINARY)
# cv2.imshow("difd2",FD)
# print(FD)

cntr = cv2.compare(FD, 0, cv2.CMP_EQ) / 255
S| = np.add(cntr, SI)

# print(Sl)

MPM = cv2.bitwise_and(FD, im)

MPM = cv2.bitwise_and(MPM, asd)

MPM = cv2.erode(MPM, Kl, iterations=p)

# cv2.imshow("MPM", MPM)

CF = cv2.bitwise_and(im, MPM)

# cv2.imshow("candi", CF)

retval, labels, stats, centroids = cv2.connectedComponentsWithStats(CF)

for i in range(retval):
ifi >0:
if stats][i][4] > 2:
NOc = NOc + stats][i][4]
# print(NOc)
if NOc > NOI:
CGO =CGO + 1
NOI = NOc
NOc =0
fps = 24



if X % fps == 0:



dt=CGO * 1.0/ fps
print(dt)
CGO =0
x=1
X=Xx+1
# print(dt)
Iframe = cframe
if dt > 0.3:
count = count + 1
if count > 10:
mc = mc + 1
if mc % 15 == 1:
print("fire")
try:
pygame.mixer.music.play()
except:
pass
count=0
if dt <0.2:
print("not fire")
k = cv2.waitKey(1)
if k ==ord('q"):

break

cv2.destroyAllWindows()

cap.release()



B.PLAGARISM REPORT
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COMPUTER VISION-BASED EARLY FIRE DETECTION USING
MACHINE LEARNING AND OPEN CV

Potu Lakshmi Pranecth Revanth Kumar © Peta Manish Komar Reddy Dr S Raja Shree ME. PhD
Stuclent Stunchernt Professor
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Abstract:

The undertaking intends to recognice fres utilidng picture handliog nooyation o ceoution individeals of early fire
lncation, Similarly as with most fire gquenchors, there are varlous seasors that have thedr own constralnts, intended
to be delicate 1o fire and smoke In restricted spaces. Projects are expected (o lessen lines and stay up with new
sdvancements, The venture invedves pycharm 1DE amd webcam joining as apparatuses, A weboam s viewed as an
info source and takes recordings from a close by source und enters them into an investigation framework. All code
s wrltten In great python language wiilizing an open picture aliering library . Hypothetical areas center around
project-hased caleulations Tor PC direction, Al pleture handling, shading delivering, and fre identification.
Projects permibt us 1o all the more lkely comprebend and andersiand things and PCs, and wse them in an
alternate way .,

Keywords: OpenCV, Python, Fire Detection, ADA Boost, Haar,
L INTRODUCTION:

Vision-based PCs with piciure handling can be valuable in a manner that s regularly unusable. The san calculation
utiline s light signals like light, shading, surface, wavering, and vibration to recognise them from different boosts. There
mre different technigues for identifying fire, for example, infrared sensors, heal meters, smoke slarms, fire indicators. and
mmoke alarms. This iechnique isn't dependably solid since it doesn't recognize the actual Mine, however it distinguishes s
leust one wellsprings of fire, like smoke, heat, infrared, bright, and gas radiation, and consequently gives resulis, & great
deal of commotion. With the mssistnce of PC vision and imaging innovation, pictures can give dependable dota and
weomplish preferable outcomes over aditional fromeworks,

1. LITERATURE REVIEW:
[1] A Video-Based Fire Detection Using Deep Learning Models

Abstract; Fire is one of the most perilous types of life and property. In this paper, we offer @ op 1o botlom
investigation of fire-based preparing utilizing video that impersonates the course of fire. The proposed technigue uilizes
Convolutional Neural Network Raphd Speed (R-CNNj o portray fiee (SRolFs) and non-fire parts, The steributes of the
camew, which comprise of & progression of successhons gathered by long huul memory (LSTM), are then summed up to
decide if o fire broke out in o brief tmeframe., It i feasible o consolidate ransient progressive choices amd get o lorger
part vobe o seitle on @ ultimate conclusion over the long haul, It sddivionally conshders the parts of fie and smoke,
clarifies thelr momentary chunges, and clarifies the idea of the fire and the last finish of the fire. Stodies have shown thai
drawn out video-based technijues 1o dimbnish bogus snd misdirecting duta fusther develop fire location contrasted with
video-based or momentary video-based strategies.

(2] ter Vision-based Early Fire Detection Using Enhanced ChromaticSegmentation and
Optical Flow Anulysis Technique

Abstract; Late advances I imaging innovation have prompted the investigation of PC based fire recognition
Trmeworks, This report races o staggered fre locator, including investigating chromatic data, changing seitings, and
contrusting Mames. Most importantly, the chromatic doti-based fire pivel thickness work wtilises & great deal of sound
wmong present day shading location frameworks o dispose of iniriguing pans. The ermsed pisels are then ailirmed by
comtinuons energy examination. Al long last, the violent speed s checked optically by the insightful calculstion o affirm
the presence of fire,



[ 3. Machine vishon-hased reak-time earlyflame and smoke detectbon

Abstraet s This article depicts o beiser approsch o wiilize an alam fromework o o decede when smoke can be imfisod
idn @ gorly observing Framesaork. The programmed olwervng framework stilizes dwmiclal caloulations io pecond ihe
posenilil places of fire wnd smake in the video and afierwond imvestigaie e articles, spoce sl iransient qualities of ihe
fire and smoke in ihe video observation. The grester part of ihe correlations are mode by keoking i the histograms. of
shubing anel smmke Bistograms wilieng tve HSE shuling spoce. The mast exwreme thckness of the ot entirely senled by
the computution of how wuch fine and smoke contrusied with the border amd ihe regiom . Spresd of figares The thickses
and tulance are observed by an obscare Fomework i give fire sl anole destinations. The mansient ihickening s
portrayal by the i gemeid of @ light aspect aid the partition of son-lhght iem from light ssd smoke. The specific
wwnsuiy of fire and wimoke s currently nosded sl e mosd elevabal level wiling e continoouly slipie o dhill
(CAMSHIFT ) observing calculaim . Tesl resalts performad gt venous aocusions demaonairaie thal ihe noemal echnigue
cun previsely eognie fire aml smoke

4] Machine Lenrning Based Early Fire Detection Systemusing a Low -Cost Drone

Abstract: This paper gives o betber approach o prepare machines o peoogniee aarly and rultfial woodlends ssd
flames. Accombingly, we plan i make & new snd Clear visbon for msger service and mnger service, Ta do dis, form 8
robot, Microcontrollers i the framework e preparad and crested n cuting odge research. enabling the roba w
meeogniee smoke, the primary mabication of fire. The mosi wkldy roognical mese with fire caloulations B bogu
detailing and carelessness, Checking the owgomes found m ithe phoios amd e eura urides of sciually looking frecly
ncremenl the dependubility of the Pramework, v will lkewne rembece the gonuine oiicones. Baaus of ik
femarkable cupacites of seomaind sronsutivsl vehicles. il i feanible 0 wen dals precinedy amd relsbly 0 any
aipacity. The working of the framewedk s conarained by impesnation s ool wsen g

M. Existing system:

The examinatem depenids on nvestl s amd sdjistment. Fieelighting s o coculabed pipeline il isng VM aranging
and nformation asortmet technagues b distinguinh wonds aml weodland fres utifuing cliomete dats. Disaoer what's
g o i the catustmphe e executive orgunision

X1 Problem siaiemeni:

¢ The hmdumentsl justification behind foreseeing fires s b give the best saets und o help the fire detachment
hevwever mach as could be expocied,

& The ar isa major fiee, Clemate datn s socessibile on the semsor chose ihe Closest sl ion .

#  There are variouws midications of fire hazand evaluation snd esbimation.

4 A preal muany hectanes of wrable land every yenr. This fire comsemes in & Bgger region and delivers maore
oo kde tan seme oo whicle,

P Ohmerving of possibly risky roghons and early admonition of fire degers mcdibly diminishes ahage e,
st s i e fore diossing costs.

32 Proposed system:

& Here we wilise the clisses of Hoor Ciscade o decide the fire, which s mont popular for ook ing hrough
phwographs o different recordmgs,

& Menu - open ov — python

& Things ke Haar

& Full lmage

& Preparing and leaming

& Variation in environmental dhange

& Tomumic



50 Software required:

= systeme Windows 10,

*  Language: python

*  Took Anaconda Mavigator
*  Libraries: OpenCV

Y. Resuls:

*  Since the et was performal during moom lightimg. the estimations must be changed by the room light o be
effetive.

¢ Incas of @ fire., & Bomberous commolee. The oucmies are ikeowoe dsplayed ba fre

* Asmuming thai ibere is o fre, the oulcome son 't e FIRE

VII. Conclusion:

The venmre was poinded eward recognaang fines e allernate manmer fom i iong eusting fremesorks lsmesation
is progressing, ond pew shvmoements ond difficulties oe being presented,. These handrunces con be alleisied with the
msistance of viden handling mmovaiion & disiinguish fmes, i light of the fact ibsl i this framesork, ihe comera poes
whowt @ 0 mataral eye, dvevting fire, catching pictanes, and handiing psotwres. feough video clients. it very well may e
utilied myplace, for instance. Emergency climics, mmins, badiowoads, s that's oaly the tip of the webarg. The plan
plamly shows the fire Gives peneral examinamon, plan framework, colowlations, iesis and amangemenss. Frameworks,
for gxample. foppy plates wd spinkers are mot af present being used, but rather can be introdeced later

o,
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4.7 Adaptive Boosting | \da Boost )
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Selsopami o propanng e fire oaerse. e odgr chmmeted from e wcb camera will boaome dark. The
Beslificainn for chatgang the dim coung = oo e grounds ol e adpe clinghl by e webcim o RGE =
shadmyg

Since ROE pareres have fwee shading chasncls. changing the picnare oser W bloe will g show s e
channc] dark or white. s simpie 1o poos.

Aler changr. o e quencher s wlileal . shich sl wilh ging e Euine od pehee of e puiee
Pasang extenatoms e estimatomns by 3 Bnle newghbor
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ihad the scade s witheed o prepory e e of the paoiare. so e wale zusis you wiih dhampng e wee of ihe
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Hardware requined:

Sysiem ;| Pontiom i3 Procowar
HID - S (B

Screen - 13 LED

Input Devices : Keyboard. Mouse
Ramdom Access Memary - 2 GB
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il ihe spuare shape
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scouraiely Thusly, to kckle s e, we prosst an et al pacture

*  The amount of the piacls of o squane shape D com be determyined wilicing four e ']

= The worth of the pactiure o ploce | b e smool of e pochs B e spiore dupe, The sorih of ol 3 s &
& W ihe worth of positiom 30 s A+ C. and ihe worih of posstion 4 s Ae B+ C» D

um.-ﬂm
Cht B s pound aiwl g biv discoeer. The machine i curnmitly proparnd o dessle e atribuies of e milo
Accawdimgly, it is taken cire of & W of duls ke resee 1hings from e soarce

o Mumeris Grecrsckens, difleront G, Greorschers, thos called greal pocisres wrr wlilund B ehicke prepunsg
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o Awiul plciures ane plcires thal ane ot sblase

= I plamisiig. o b Feavible o solaie e tao Classifcations, shech s the caloulsien sl figarmg om wheh
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Make an rvemplary comurse s take recondmgs from e wch. The vedes w2 on so peroes.

A decem pichane is o Hhat consisines 0 o fre. and on selel prosse n o hasdas pactes Sl porwa s o
s,

4.2 Fire detection:

s The e kxcainon strabegy decudes the pichire from e pohre & micaial by e worih of b
sconani of fine discovery. s 3 matier of fing mporance, the pcieer & e beavtifol m e poonds tha
simpher i werk wih ol b bess dats tham RGE wne

+  The calculation deown § cole w2 e scarch i e paciu. which i o e e comiaes @ gue for obgpas
Fike Flisar,

+  In linde advences, e sde of e ce peis o great deal of lighe from de fire pacsare. sl aificreand e deta
gadhernd i@ e Gabe b oo W st sl docniing e ano of ithe e

43 Haar-like Features

¢ The contrecton of e haor b e that of 3 conlnod cgg d & shend b0 docsde o these proportes o
diplayed m 3 peen et

V. Methodology and Algorithm
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