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Abstract: A fire accident can be caused by many hazards, such
as a propane tank, a defective product, a vehicle crash, or poor
workplace safety. Because accidents involving fire are often
unexpected and sudden, there isn’t a standard legal process for
dealing with them, other than filing a negligence or workers
compensation claim. This project aims to detect and monitor Fire
Accident incidents well in advance and alert the surroundings to
minimize the losses. This is an integration of 10T and Deep
Learning Technologies, where sensors are used to collect the
relevant data under the supervision of a controller unit. The
controller unit collects and sends this data to a cloud database,
from where the data for the Deep Learning model is fetched. This
data is then used for making some insights and further predictive
analytics. From the insights, many variables were found to be
one of the reasons for a fire accident to take place. We
considered the information about variables like Flame sensor,
Temperature, Heat Index, GPS coordinates, Smoke, Type of
Gases, Date, and Time for feature set generation and fed the
model to a deep neural network for making future predictions.
Comparing to existing conventional methods, this proposed
method is different in terms of integrating deep learning with
loT. This method of approach will predict the chance of
accidents priorly by classification of data.

Key Terms. Deep Learning, |0T, Data Analytics, Cloud
Database, Sensors

I.  INTRODUCTION

I n the process of managing a fire accident place, it is

laborious and arduous to analyze the situation. As
technology is increasing vastly, industries are also
increasing proportionaly. The main problem here is to
maintain fire safety at every moment. If we recollect the
major fire accidents in the year 2020, there are many which
include home fires, electrical fires, catastrophic multiple-
death fires, fireworks fires, etc. As part of this paper, let us
see the Beirut port explosion on August 4, 2020. Beirut’s
port explosion [1] is one of the non-nuclear explosions
which affected the crunching of the port and destroyed about
half the city. The main cause of this incident is the
detonation of 2,700 tons of ammonium nitrate, which is a
combustible chemical compound used to manufacture
explosives.
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This explosion killed 218 people, wounded 7000
people, displacing over 300,000 people, and impacted 56%
of private businesses in Beirut. From the World Bank
Analytics, the explosion made $4 billion in materia
damage. In Fig. 1., there are many causes involving in the
Beirut incident. Like this, there are many fire accidents and
explosions globally, like Australia Bush Fire, Amazon. Forest
Fire, and many more at a low level inside every nation. The
proposed method given in this paper is to predict the
probability of afire accident occurring at any place and alert
the situation to reduce the losses. Sensors and
microcontroller units will work in collaboration to collect
the conditional data. Once the required datais collected, it is
sent to a cloud database over the internet within a short
period. The data is fed to a deep learning model to make
predictions. This method of implementation in fire safety
will monitor fire accident-prone areas without human
involvement, predict future instances, and reduces | osses.
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Fig. 1. Investigative Consequence Analysis of
Beirut’s Port Explosion.

[I. MATERIALSAND METHODS

A. Sensorswith Microcontroller unit

In this method, sensors like the Infrared Flame sensor
are used to detect the fire, it has high photosensitivity, wide
directional angle, and fast response time. DHT11 is used to
monitor the temperature, humidity and to estimate the heat
index. GPS module is integrated to trace the location details
of the accident and to analyze the affected area. A gas
sensor is used to measure gases like LPG, CO, CHg,
Alcohol, Propane, Smoke in the surrounding area, which are
the major causes in fire accident zones. DHT1l is
commonly used to measure the temperature and humidity of
any area, from those we calculate the heat index. The heat
index has a crucial role in a fire accident zone, which will
convey the severity of the accident. This sensor works on a
3.5V supply voltage and has an accuracy of +1°C.
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Neo 6 is a GPS module that is used to get the location

details, it gives both longitude and latitude numbers with
precise point positioning. A gas sensor MQ-2 is used to
measure the levels of various gasesin ppm.
All these sensors are connected to Node MCU, a
microcontroller unit, which will receive and process the
data. Node MCU can connect to the internet over Wi-Fi and
can send the data to cloud databases. In the cloud, database
data is organized into a table. Then organized data is
exported to make predictive analytics [2].

B. Characterization of gases with gas sensor

In Fig. 2., the MQ-2 gas sensor can detect and measure H,
LPG, CO, CH4, Alcohol, Smoke levels in ppm, that depends
on the RJR, ratio, where Rs is the sensor resistance at
various concentrations of gases and R, is the sensor
resistance at 1000ppm of Hy in the clean air. From the chart,
RJ/Ro ratio is inversely proportional to the concentration of
gases in ppm. Based on this ratio levels of various gases are
measured in ppm. If high range ppm is obtained for any of
the gases, that gas may be the actua cause of the fire
accident. And in some fire accidents smoke may be the first
effect seen before the accident occurs, so depending on
limitations of smoke levels, chances of fire accident are also
predicted in the deep neural network model [3].
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Fig. 2. Sengitivity characteristics of M Q-2 gas sensor.

C. Calculation of Heat | ndex

Heat Index is calculated using the formula [4]:
HI = C, + C,T + C3R + C,TR + CsT? + C4R* +
CsT?R + CgTR? + CoT?R?

Where, HI = Heat Index, T = ambient temperature in
°C, R = relative humidity, and C1 to Co are constants. C; = -
8.784694755, C, = 1.61139411, C3 = 2.3385488388,

C, = -0.14611605, Cs = -0.01230809, Cs = -
0.0164248277, C; = 0.002211732, Cg = 0.00072546, Cy = -
0.000003582. These constants are only when temperature is
in Celsius.
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Metrication of Template:HeatTable
temperature (°C)
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(%) | 75 |29 31 343639424349.
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Fig. 3. Heat Index Chart

After, calculating the heat index vaues using
temperature and humidity using the DHT11 sensor [5], the
severity of the fire accident is analyzed using the heat index
chart given in Fig. 3. From the chart, high index values are
lying in extreme danger and dangerous parts, this will help
us to analyze the severity of the occurred incident.
Meanwhile, caution and extreme caution values will help us
to predict the incident priorly and alert the situation. Heat
index plays a key role in the deep learning model to make
decisions accurately.

D. Data Analyticsand Deep Learning Model

From the cloud database, the data is fetched as a data
frame which is having Flame, Temperature, Humidity, Heat
Index, Longitude, Latitude, Date, Time, CO Gas, LPG Gas,
Smoke as attributes. By performing EDA on the dataset, the
following insights are the draw. In Fig. 4., plots depict the
data distribution comparing one variable with another, based
on the accident status. Firstly, flame and smoke are detected
and it is very clear that Heat Index, Temperature, and levels
of one or more gases are high when there is a possibility of a
fire accident. Conversely, these values are low when thereis
no chance of afire accident. Also, either flame or smoke is
detected in the fire accident zone, or maybe both.
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Fig. 4. Plots of all available variables based on accident
status.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijeat.org/

OPEN aACCESS

A three-layered DNN built using TensorFlow and Keras is
used to classify the chances of fire accident and has an
accuracy of 94% with an epoch value of 10. Activation of
the sigmoid is used to classify the data, whether a fire
accident is going to happen or not. And the predicted
probabilities are also available to monitor the situation.

I11.  PROPOSED SYSTEM

A. Block Diagram

Fire accidents are one of the disastrous incidents that
will occur and make huge losses. Predicting this well in
advance will save many lives and properties The major
indicators of fire accidents are Flame, Heat Index,
Temperature, Various types of gases. This paper discusses
the pilot project of employing a deep learning model
associated with 10T, to monitor and predict the situation at
any place.
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Fig. 5. Block diagram of the proposed system.

The system consists of Node MCU, along with temperature
humidity sensor, flame sensor, gas sensor, GPS module as
shown in Fig. 4. All the datais collected continuously by all
the sensors, Node MCU takes control over al the sensors
and processes the organized data. This organized datais sent
to a real-time cloud database. After data is received into the
database, data is organized into a table. From the cloud
database, data can be accessed anywhere in the world. Data
from the cloud is imported into the host machine to perform
data analytics and implement a deep learning model to
predict future events.

B. Flow Chart
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Fig. 6. Flow chart of the proposed system
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The above-given flow chart explains the sequence of
steps involved in this project. This process is so simple to
detect, monitor, and predict the situation. Firstly, a Flame
sensor is always ready to detect the fire, simultaneously, the
Gas Sensor detects the availability of smoke in the
surroundings. If the fire and smoke levels are within the
limits. Then, using the temperature sensor, temperature and
humidity is measured, which is used to evaluate the heat
index. The GPS coordinates longitude and latitude numbers
are noted to see locate the source of explosion or fire. Every
time the data is stored in a cloud database to make real-time
monitoring. A pre-trained DNN is used to predict the
chances of an accident. This model always learns the new
instance after each iteration, whether a fire accident
occurred or not, it improves the accuracy of the model. This
kind of implementation may save many dangers by
predicting future events based on various factors. Since the
model is always in encounter training after each iteration, it
will learn the new instances and predict with more accuracy.

IV. IMPLEMENTATIONSAND RESULTS

A.loT Device

Thefigurein Fig. 5. is the prototype stage of the project
in this paper, which is used to collect the required data. All
the sensors are connected to a microcontroller unit and
capsuled in asingle unit kit [6]. A power supply is provided
within the kit and it automatically connects to the internet
through Wi-Fi. This kit includes a DHT11 temperature
sensor, Flame sensor, MQ-2 gas sensor, buzzer, Node MCU,
GPS module, and power supply unit.

e

Fig. 7. 1oT Device.
B. Cloud DataBase

The cloud database for this project is Google Firebase
Redltime Database. All the sensor data is placed in a
structured manner. Using Firebase support libraries in
Arduiqg IDE, the structure is implemented.

. ok &
Realtime Database

Doia s Backps  Usage

Fig. 8. Google Firebase Realtime Database.
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In Fig. 6, the data is organized into various fields from
various sensors. The data in the firebase is continuously
updating and stores the history of previous values. Data is
imported to the host machine using API caling in JSON
format. This data is now used to make some data analytics
and build the DNN model.

C. DNN Modé

A DNN is an artificial neural network with multiple layers,
layers consist- The input layer, output layer, and many
hidden layers. This system uses its layers of nodes to make
high-level functions from input information. The model
summary of implemented Deep learning model is given
below. It is a three-layered neura network to classify the
data. The first two layers use ReL U activation and the fina
layer uses sigmoid activation to transform values between 0
to 1 [7]. The model will accept 8 inputs and give output as
one class label. This smple deep learning model is
foretelling the upcoming fire accidents.

Model: "sequential”

Layer (type) Output Shape Param #
dense (Dense) (None, 8) 64
dense_1 (Dense) (None, 4) 36
dense_2 (Dense) (None, 1) 5

Total params: 105
Trainable params: 105
Non-trainable params: 0

Fig. 9. Model Summary.

E. Resaults

The implemented DNN has had an accuracy of 94% and can
measure the probability of fire accidents happening. 10T
device is also able to send the data to cloud with no loss of
time. As the data is fetched to DNN it is predicting the
chance of fire accident. As the moddl is always learning on
the new data; its accuracy is appreciable. Even if DNN
predicts wrongly, the 10T device is equipped with a buzzer
to give the darm. All these implementations aggregately are
supportive to prevent afire accident and protect lives.
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Fig. 10. Model accuracy
We split data in the ratio of 80:20 for the initial training of
the model, however, a new training instance is created after
every iteration of the flowchart. The accuracy obtained is
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94% and we can visualize the test and train accuracy in the
abovefigurefig. 9.
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Fig. 11. Model loss.

V. CONCLUSION AND FUTURE WORK

loT and Deep Learning are now giving rise to AIOT, with
this support, it is very unique and easy to avoid a fire
accident. Using the proposed solution most of the manual
works is reduced. High safety is provided in fire accident-
prone areas, which will reduce loss of lives and economy.
From the chart in Fig. 8, it is concluded that most of the
accident chances are due to the presence of combustible
gases. This method of fire safety implementation can predict
dangerous fire accidents priorly. Any changes in the
temperature, heat index, presence of a flame, smoke, low
ignition compound, and gases are monitored without human
involvement and accurate decision making to save the
economy and ecological system
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Fig. 12. Gases causing fire accidents.

This paper's scope is limited to measure LPG because it is
mostly used for domestics and laboratory uses. And high
levels of smoke are available in fire accident cases.
However, in the future many features can be added to make
the final system [8], i.e., adding more sensors to detect any
kind of combustible gases which is safer, efficient, accurate,
alarm notification, mobile application-based system, etc.
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