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Abstract— With the advent of technology, humans are 

replaced with robots in life-threatening situations. Fire 

accidents are one of the major mishaps threatening the human 

lives. The project aims to design a robot capable of detecting 

and suppressing fires. The robot is capable of seeking the 

location of fire over a defined region and mitigate it before it 

runs out of control. It can also send the images of fire to the 

concerned user alarming them. This can be achieved efficiently 

using a Deep Learning concept called Computer Vision. The 

proposed model can find its applications in domestic as well as 

industrial premises.  

Keywords—Deep Learning, OpenCV, Fire Fighting, 

Raspberry Pi, Haar Cascade,  SMTP. 

I. INTRODUCTION 

In our day-to-day life, fire accidents have become 
common and sometimes may lead to hazards that make it 
hard for the firemen to protect human life. In such cases, a 
fire fighting robot is used to guard human lives, wealth, and 
surroundings from the fire accidents. The present-day 
systems only rely on the output from the analog sensor 
whose values are not precise and tend to fluctuate easily. 
Hence relying on these sensors for emergency won’t be 
effective. So efforts were put to use the concept of Computer 
Vision in this project. Computer vision is an interdisciplinary 
scientific field that deals with how computers can be made to 
gain high-level understanding from digital images or videos. 
It is a branch of Artificial Intelligence (AI) technology that 
has already entered our lives and businesses in ways many of 
us may not be aware of. From the perspective of engineering, 
it seeks to automate tasks that the human visual system can 
do.  

II.    DESIGN CONCEPT: 

  The robot captures the images of surroundings 
continuously and process Deep learning. Whenever fire is 
detected the robot activates fire extinguishing module 
attached to it and also alerts the user through email. On top 
of that it should send Email alert to the owner of the robot. 

 

Fig1: Deep learning based Fire Fighting Robot 

Sensing the presence of fire is the crucial part of the 

proposed system. To achieve this the concept of Computer 

Vision is used. Computer Vision is implementation of Deep 

Learning (DL). Computer Vision can be described as a 

subset of Image Processing. 

III. DEEP LEARNING: 

 

Deep learning (also known as deep structured learning or 
hierarchical learning) is part of a broader family of machine 
learning methods based on learning data representations, as 
opposed to task-specific algorithms. Learning can be 
supervised, semi-supervised or unsupervised. 

Deep Learning is implemented through Haar Cascade in 
the proposed work. Haar Cascade is a deep learning object 
detection algorithm used to identify objects in an image or 
video and based on the concept of features proposed by Paul 
Viola and Michael Jones in their paper "Rapid Object 
Detection using a Boosted Cascade of Simple Features" [ ]. It 
is an approach where a cascade function is trained with a lot 
of positive images and negative images. It consists of four 
parts. 

a) Haar Feature Selection 

b) Creating  Integral Images 

c) Adaboost Training 
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d) Cascading Classifiers 
 

First step is to collect the Haar Features. A Haar feature 
considers adjacent rectangular regions at a specific location 
in a detection window, sums up the pixel intensities in each 
region and calculates the difference between these 
sums. Integral Images are used to make this superfast. 
Internal images is a data structure or algorithm which is used 
to generate sum of values in rectangular subset quickly and 
efficiently. But among all these features we calculated, most 
of them are irrelevant. For example, consider the image 
below. Top row shows two good features. The first feature 
selected seems to focus on the property that the region of the 
eyes is often darker than the region of the nose and cheeks. 
The second feature selected relies on the property that the 
eyes are darker than the bridge of the nose.  But the same 
windows applying on cheeks or any other place is 
irrelevant.   

  

There are hundreds and thousands of features like these 
features. So in order to select best features out of several 
features we use Adaboost concept. AdaBoost training 
process selects only those features known to improve the 
predictive power of the model, reducing dimensionality and 
potentially improving execution time as irrelevant features 
need not be computed.  

 

During the detection phase, a window of the target size is 
moved over the input image, and for each subsection of the 
image and Haar features are calculated. This difference is 
then compared to a learned threshold that separates non-
objects from objects.  Because each Haar feature is only a 
"weak classifier" a large number of Haar features are 
necessary to describe an object with sufficient accuracy and 
are therefore organized into cascade classifiers to form a 
strong classifier. 

Cascade Classifier: The cascade classifier consists of a 
collection of stages, where each stage is an ensemble of weak 
learners. The weak learners are simple classifiers 
called decision stumps. Each stage is trained using a 
technique called boosting. Boosting provides the ability to 
train a highly accurate classifier by taking a weighted 
average of the decisions made by the weak learners. 

Each stage of the classifier labels the region defined by 
the current location of the sliding window as either positive 
or negative. Positive indicates that an object was found 
and negative indicates no objects were found. If the label is 
negative, the classification of this region is complete, and the 
detector slides the window to the next location. If the label is 
positive, the classifier passes the region to the next stage. 
The detector reports an object found at the current window 
location when the final stage classifies the region as positive. 

When the fire is detected by the Haar Cascade Module it 
alerts the Electronic module to initiate further process.   

IV. ELECTRONIC DESIGN AND DEVELOPMENT: 

 To make sure that robot is capable to complete the 
entire task and achieve “rescue”, the robot need to be 
designed following MUROC’s rules [1]. According to this 
rules, the size of the robot is limited to a volume of 40cm x 
15cm x 15cm and the maximum weight is 5Kg.  

The robot’s chassis is constructed with the plastic, which 
effectively reduces the weight of the project. Two chassis 
boards have been used one on the top of another. On first 
chassis board raspberry pi3b, sensors, relay and motor driver 
have been placed. On the second chassis board batteries, 
camera and water pump have been placed.  

 Two DC motors are attached to two wheels of first 
chassis board.   

Sensors and Actuators 

Camera used is a USB camera (life cam vx-800) with a 
resolution of 500K pixels, 59 degree diagonal field of view. 
This camera having capability of image resolution 
interpolation upto 25 mega pixels. 

 L293D driver, relay and DC motors have been used in 
this project to run the robot. L293D is a dual H-bridge motor 
driver integrated circuit (IC). Motor drivers act as current 
amplifiers since they take a low-current control signal and 
provide a higher-current signal. This higher current signal is 
used to drive the motors.   Two ultrasonic sensors 
are placed on the front side of the robot, which ensures 
obstacle avoidance. The DHT11 sensor senses the 
temperature and humidity. When the temperature crosses 
50degree centigrade the raspberry Pi module will instruct the 
robot to stop moving and then initiates water pump. 

 A dc water pump with flow rate 120 litres per hour 
for pumping water on fire is used. The pump works on 6v 
voltage and it is submersible. The batteries used are of 8v 
and they are rechargeable.  

Raspberry Pi 3B: 

The Raspberry pi is a low cost, credit-card sized 
computer that plugs into a computer monitor or TV, and 
uses a standard keyboard and mouse. It’s capable of doing 
everything as desktop computer. Raspberry Pi 3 Model B has 
a 1.2 GHz 64-bit quad core processor (BCM 2837), on-board 
Wi-Fi, Bluetooth and USB boot capabilities. It increases the 
number of USB ports to 4 and the number of pins on the 
GPIO header to 40It has 802.11 b/g/n Wireless LAN and 
Bluetooth 4.1 (Bluetooth Classic and LE), 

It has 802.11 b/g/n Wireless LAN and Bluetooth 4.1 
(Bluetooth Classic and LE), 
 

International Journal of Scientific Research and Review

Volume 8, Issue 4, 2019

ISSN NO: 2279-543X

Page No: 1055



1GB RAM. It got 4 x USB port, 4 pole Stereo output and 
Composite video port.  

V. SOFTWARE TOOLS:  

The software tools used in the proposed system are 
Raspbian OS, OpenCV and SMTP protocol. 

  Raspbian OS: 

Raspbian is a free operating system based on Debian, 
optimized for the Raspberry Pi hardware. An operating 
system is the set of basic programs and utilities that make 
your Raspberry Pi run. However, Raspbian provides more 
than a pure OS: it comes with over 35,000 packages pre-
compiled software bundled in a nice format for easy 
installation on your Raspberry Pi. 

  OpenCV: 

OpenCV (Open source computer vision) is a library of 
programming functions mainly aimed at real-time computer 
vision. Originally developed by Intel it was later supported 
by Willow Garage then Itseez (which was later acquired by 
Intel). The library is cross-platform and free for use under 
the open-source BSD license. 

OpenCV supports the deep learning 
frameworks TensorFlow, Torch/PyTorch and Caffe. 
OpenCV is written in C++ and its primary interface is in 
C++, but it still retains a less comprehensive though 
extensive older C interface. There are bindings 
in Python, Java and MATLAB.  

 SMTP 

SMTP is used in mailing the images to the user. Simple 
Mail Transfer Protocol (SMTP) is an Internet standard for 
email transmission. SMTP was first defined in 1982 by RFC 
821, and updated in 2008 by RFC 5321 to Extended SMTP 
additions; which is the protocol in widespread use today. 
Mail servers and other mail transfer agents use SMTP to 
send and receive mail messages on TCP port 25.  

VI. WORKING 

The design of the Robot is as shown in fig 4. The electronic 

parts of the Robot consisting of Raspberry Pi 3b, L293D, 

DHT 11, Motor Pump etc, are arranged on the first level of 

chassis as shown in fig 5. 

 

Fig 3: Fire Fighting Robot Structure 

 

 

Fig 4: Internal parts of robot showing all the electronic components 

The working flow of the proposed system is depicted in 
the form of a flow chart in fig 6. The camera module senses 
its surroundings and gives the livew captured frames 
continuously to Raspberry Pi. The program in the raspberry 
pi uses the pre trained XML(Extensible Markup Language) 
file to recognize the fire in the captures image. If the fire is 
detected in the image the robot then moves towards the fire 
and stops before the fire. It then initiates water pump to put 
off the fire. 

 

 
Fig 6: Flow Chart of the propsed model 

VII. RESULTS:   

The proposed system was trained with 40 positive images    
and 80 negative images. The fire is detected by the raspberry 
pi as shown in the figure below.  

 

Fig 7: Identification of the fire by the robot displayed on PC screen. 
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Fig 8 : Magnified Image of Fig 1 

 

Fig 9 : Email received by the user 

 

VIII.  CONCLUSION:  

Successfully designed Deep learning based firefighting 
robot, which is capable of mitigating the fire by taking inputs 
from sensors and camera.  

IX. FUTURE SCOPE 

In future the capability of the proposed system can be 
improved such that the robot can distinguish the 
volume/intensity of fire based on which the pressure of water 
pump is selected, and also we want to integrate remote 
access of motor and implement it with a drone to tranquilize 
the fire at higher altitude regions such as tall buildings and 
industries. 
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