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ABSTRACT

Wireless sensor networks (WSN) in recent times have become a dominant technology
in environmental monitoring and in early detection of conditions like fire outbreaks
in order to save lives and properties. In this article, the design and development of
a WSN fire detection system is presented. For accurate and reliable detection of
fire, three sensors (i.e., MQ-2, DS18B20, and KY-026) are employed in addition
to other WSN key components for the respective detection of gas, temperature,
and infrared, which are major fire parameters. The system further has a battery
monitoring scheme for the observation of the energy resource of the nodes and to
ensure their viability. A developed graphic user interface is deployed for the remote
monitoring of the entire system and its data. Results obtained from the different
test conditions using combustible solid, inflammable liquid, and gas show that the
system performed optimally. The developed system is recommended for residential
and small office applications.
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INTRODUCTION

The use of fire in common human activities like cooking, warmth provision, several
industrial processes, etc. has provided enormous benefits to man. However, fire
especially when uncontrolled can inflict as much pain as the comfort it provides.
The consequences of fire outbreak are most times disheartening, as many lives,
properties worth colossal amounts of money and invaluable resources could be lost.
Fire outbreaks could be as a result of natural causes like wild wires, forest fires or
manmade causes usually from carelessness of individuals in handling inflammable
substances or materials and faulty or reckless use of electrical appliances (Kaur &
Manshahia, 2017). Irrespective of its cause, prompt detection is almost always central
in its control.

Prompt fire detection would entail stringent environment monitoring and
wireless sensor networks have great potentials for this. Wireless Sensor Networks
(WSNs) made viable by advances in Micro Electro-Mechanical Systems Technology
(MEMS), wireless communications, digital and power electronics can in addition to
environmental monitoring, be employed in areas like agriculture, health care, security
surveillance, transportation, energy, production industries, smart buildings etc (Matin
& Matin, 2012; Kocakulak & Butun, 2017). WSNs irrespective of the area applied
would basically entail the deployment of a cooperative cluster of sensor nodes with a
wireless communication infrastructure, intended to sense a physical Phenomenon of
Interest (Pol), such as temperature, sound, vibration, pressure, motion or pollutants,
process the extracted information, communicate with one another and possibly
coordinate the intended actions (Onuekwusi et al, 2015). Each sensor node basically
consists of a transducer which does the actual sensing, a transceiver for the cooperative
communication within the network, a microcontroller which coordinates the activities
of other components and a power supply usually a battery which supplies the necessary
power for the sensor activities (Oldewurtel & Mahonen, 2006).

Fire detection systems usually leverage on sensors to monitor designated
environments for the detection of fire attributes. The smoke sensor utilizes detection
of gas or smoke to tell the existence of fire, while the flame and the heat sensors
respectively employ infrared emission of surrounding objects and surrounding
temperature or thermal energy for their detections. Although most fire detection
systems usually utilize one sensor type, however for higher efficiency and effectiveness,
different fire detection sensors can be combined.

In this paper a trio-sensor wireless networked fire detection system is designed and
implemented for domestic indoor use. The wireless network is structured in the star
topology with each sensor node comprising of flame, smoke and temperature sensors
relaying its sensed data to the sink. The sink node via a universal serial bus is linked
to a local server which houses a MYSQL database for logging captured sensor values
and provides secured access to WSN data via a login interface. Each node in addition
to its sensed data also relays the battery strength to the sink. This is to enable prompt
replacement of the batteries when they are below operation thresholds. For remote
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access to the system, a Graphical User Interface (GUI) is designed which provides a
pictorial and graphical representation of the sensors’ data. Furthermore, the system
is connected to an audio alert system to provide an alarm notification in the event of
fire detection.

RELATED WORKS

Saeed et al (2018) proposed and designed a four coupled core component fire detection
system comprising of a wireless sensor network, middleware desktop application, web
application and an alert subsystem. The composite system basically employs the fire
weather indexing techniques as fully described in (Sarwar et al, 2019). The network
consists of sensor nodes deployed in the environment of interest and base station for
storage of data from sink node. The base station relates the node data to a middleware
which is a desktop application. The middleware makes a graphical representation of
nodes data and uses some sort of fire weather indexing to tell when fire is ignited
and dispatches alarm message to the web application and concerned individuals are
notified via a web application interface.

The proposal and simulation of wildfire detection system in (Saeed et al, 2018) to
intelligently estimate the scale and intensity of wildfire, while implementing efficient
data communication techniques to optimize energy is commendable. However, better
network performance can be achieved by extending energy optimization down to the
node where monitoring starts. Energy is a scarce resource in WSNs, therefore it is
strongly advised that it should be adequately managed and monitored. The battery
monitoring attribute of the system developed in this paper is an improvement over
the system developed in (Saeed et al, 2018). Furthermore, while the system in this
paper is preferably for indoor purposes, that in (Saeed et al, 2018) was designed for
outdoor forest monitoring.

A multi-sensor wireless sensor node with adaptive neuro-fuzzy inference system
is presented in (Sarwar et al, 2019) for an effective detection. The system employs
temperature, humidity, smoke and flame sensors with a central hub for data collection.
A MATLAB GUI is linked to the hub for visualizing data and an ANFIS seguno
analysis engine for decision making with regards to fire detection and notification
dispatched to alert concerned individuals. This system is similar to that presented
in this paper as multi sensor system is employed to achieve high detection accuracy
and reliability while drastically reducing the occurrence of false alarms. Just as in
(Saeed & Paul et al, 2018), the inclusion of the battery energy monitoring scheme
in the system developed in this paper is also an improvement on that developed in
(Sarwar et al, 2019).

The methodology proposed in (Olivares-Mercado et al, 2019) aims at early fire
detection by analyzing the visual smoke characteristics such as movement, gray tones
and dynamic texture with the aid of video signals. The usage and extensive analysis
of a single parameter for wide application of fire detectors is most times unreliable
as false alarms could arise with the system. The employment of three sensors in the
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system developed in this paper will naturally make for higher detection accuracy and
reliability over the system in (Olivares-Mercado et al, 2019).

Dener and Ozkok (2015) proposed the design and implementation of wireless
sensor network for fire detection system for indoor and forest applications. The system
use solely temperature sensors for fire detection and linked to a common database
where the temperature data from sensors can be monitored via a web based mobile
application. The zone under monitored are mapped with the aid of distinct colors for
identification. The ranges of temperatures are colored differently for the convenience
of the user of the GUI. Highly commendable is the fact that their system allows for
random deployment of nodes with the nodes reporting their positions after deployment.
However, their system lacked any scheme to monitor the energy of the nodes and also
employed only temperature sensors.

METHODOLOGY

The trio-sensor wireless networked fire detection system designed and explained in
this paper constantly monitors parameters like gas/smoke concentration, temperature,
infra-red emission in its deployed environment. In addition, it also monitors the battery
levels of the sensor nodes. Pre-defined threshold values are respectively employed for
the monitoring, detection and notification of these parameters. They aid the system
to tell when there is fire in its sensing field and also render notification for battery
replacement when battery life of the nodes falls below the threshold value. The
threshold values can vary for different kinds of indoor environments. The environment
where nodes are to be deployed is carefully observed for ranges of normal condition for
each parameter and subsequently saved into the base station via the GUI web Interface.

Figure 1 is the system block diagram while its flow chart is presented in
Figure 2. As shown in the block diagram, the system comprises of three trio-

Figure 1. System block diagram
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Figure 2. System flow chart
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sensor nodes wirelessly connected in star topology to a base station which houses
the sink and database.

MATERIALS

Materials employed in the design can be basically classified into hardware and
software materials.

Hardware

The hardware materials were those primarily used in setting up the wireless sensor
nodes and sink. The wireless sensor nodes basically consist of the interconnection of
the physical sensors, radio or transceiver unit, processing unit and the power supply
unit as illustrated in Figure 3.

Figure 3. Basic architecture of the wireless sensor node
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In the design of the wireless sensor node, KY-026 infrared sensor, DS18B20
temperature sensor and MQ-2 gas sensor were respectively employed for the monitoring
and detection of flaming fire, temperature and smoke detection. These sensors perform
the actual role of data capturing in the sensing field.

NRF24L01 influenced by its low power mode and transmission range was used
as the transceiver unit of the node while ATmega328P served as the microcontroller.
The Atmega328P-PU chip is a low power and high-performance CMOS 8 bit AVR-
RISC based microcontroller with 32 general purpose working registers, 2KB SRAM,
1024 EEPROM and 23 general purpose 1I/O lines. The microcontroller plays the
administrative role in the wireless sensor node. The physical sensors, radio unit and
the power unit are all terminated to it and depend largely on it for coordination and
proper functioning.

A 9V Hi-Watt battery is used to provide power for the wireless node circuit
alongside two voltage regulator IC namely, L7805CV and LM1117. LM1117 regulator
ensures a steady 3.3V supply for the radio unit while L7805CV regulator taps out a
steady Sv supply voltage for other units of the node. Figure 4 shows the circuit diagram
of the wireless sensor node.

The sink, housed in the base station is the prime receiver of data transmitted by
the active wireless sensor nodes in the sensing fields. It mainly plays the role of data
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Figure 4. Circuit diagram of wireless sensor node
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aggregation and primarily constitutes of a radio unit for data reception and an Arduino
Uno R3 module as shown in Figure 5.

Via a universal serial bus, the sink transfers data gathered from the nodes to a
personal computer (PC) with a large storage memory capacity and high data processing
capability which houses the database. The PC hosts the stacked application XAMPP
that runs simultaneously an Apache server and a mySQL database so as to be able to
serve wireless sensor network data in a Local Area Network (LAN) to connected clients.

Software

The design of the system software entailed the programming of the processing unit of
the wireless sensor node and the development of the Graphical User Interface (GUI)
for the convenient and friendly presentation of data.

The ATmega328P chip is easily programmed using the Arduino Uno r3 board as
programmer and Arduino IDE after running a bootloader software to the ATmega
chip. The web based GUI was developed using front end web technologies like
HTMLYS, CSS3, JQuery and bootstrap 3 framework. The server side scripting was
implemented in PHP and mySQL. To facilitate the presentation of WSN data in real
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Figure 5. Circuit diagram of the sink node
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time, AJAX technology was used. The choice of a web based GUI makes it easier
to access WSN data since web browsers are easy to come by irrespective of the
platform of accessing device.

RESULTS AND DISCUSSION

After setting up the designed multi-sensor fire detection wireless sensor network,
the system was subjected to 4 different test cases viz: normal condition, Combustion
of combustible solid, combustion of inflammable liquid and combustion of
inflammable gas. Observations from the results obtained from the GUI in each
case indicate correct functioning of the trio-sensors and the entire system. The
results are presented as follows.

Normal Condition (No Fire)

The sensing field was kept at a normal condition in the complete absence of any fire
or combustion. The graphical and tabular results of this condition as captured by the
GUI are shown in Table 1 and Figure 6, respectively.
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Table 1. GUI tabular report for normal condition

" < | )" Result0-12  Totl

Temperature (°C) Gas (PPM) Infra-red Battery
31.76 139 No Infra-red detected! ' T0%=
31.76 139 No Infra-red detected! T70%E
31.76 139 No Infra-red detected! T0%E
31.76 139 No Infra-red detected! 70%E
31.75 139 No Infra-red detected! T70%=
31.75 139 No Infra-red detected! T0%=
31.75 139 No Infra-red detected! T70%=
31.75 139 No Infra-red detected! T0%=
31.75 139 No Infra-red detected! T0%E
N.75 139 No Infra-red detected! T0%=
3145 139 No Infra-red detected! T0%E
.75 139 No Infra-red detected! T70%E

Figure 6. GUI graphical report for normal condition
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From the result shown in Table 1 and Figure 6 it is seen that all fire detection
parameters remained in the normal state of the sensing field. The duration of
observation for the normal test case and other test cases was approximately 2 minutes.
It is important to also note that tabular results from the GUI are arranged in descending
order of time with the latest data at the top.

Threshold points were set for the physical parameters of interest: 35°C for
temperature, 450 PPM for gas concentration and 15% for battery level. The choice
of values was influenced by the repeated observation of the normal condition of the
sensing field. When the values shown in the tabular report exceeds threshold they are
indicted by a red coloration. Flame detection was based on a digital sensor and gives
no room for setting threshold as it goes high (infrared detected) on sensing infra-red
and returns low (no infrared detected) on reverse. This is evident from the GUI tables.

Combustion of Combustible Solid Material

Dry papers as combustible solid were burnt in the sensing field of one of the sensor
nodes and the following results in Table 2, Figure 7 and Figure 8 were obtained.

It is worth noting that the GUI as shown in Figure 7 and Figure 8 have the capability
of displaying the chart of each sensor parameter in isolation and can equally display

Table 2. Tabular report from combustion of combustible solid

¢l s Result0-12  Total
Temperature (°C) Gas (PPM) Infra-red Battery
34.06 379 Infra-red detected! 69Yoim
34.02 376 Infra-red detected! 6970
33.99 378 Infra-red detected! 6970
33.94 380 Infra-red detected! 69%E)
33.92 385 Infra-red detected! 69 %0
33.81 388 Infra-red detected! 690l
33.77 392 Infra-red detected! 697/
33.64 396 Infra-red detected! 6970
33.50 400 Infra-red detected! 690
3345 408 Infra-red detected! 6900
32.88 415 Infra-red detected! 70%im
32.80 412 Infra-red detected! 70%0E
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Figure 7. Temperature chart from combustion of combustible solid

Tem perature (C)

Figure 8. Gas chart from combustion of combustible solid
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them stacked in a single chart but keeping them distinguished by color and label as
seen in Figure 6 of the normal test condition.

The chart in Figure 7 shows a progressive increase in temperature value of the
sensing field across time as combustion of the combustible material goes on. It is
seen from Figure 8§ that the gas concentration goes high at the start of combustion and
gradually steps down and again tends to rise towards the end of combustion. Table
2 shows all data obtained from the sensor including the battery level and infra-red
status for the test period and condition.
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Combustion of Inflammable Liquid

Petrol, an inflammable liquid was burnt in the sensing field and data obtained from
sensors were tabulated in Table 3, while Figure 9 and Figure 10 are some of the
pictorial representations of the data.

From Figure 9, temperature is seen to rise steadily, and sudden overshoot is
observed and after which temperature is maintained at almost same level through the

Table 3. Tabular report for combustion of inflammable liquid

@Il % Result0-12  Total
Temperature (°C) Gas (PPM) Infra-red Battery (%)
40.31 467 Infra-red detected! 6870
40.28 466 Infra-red detected! 69%0E>
40.25 464 Infra-red detected! 69 %0
40.25 463 Infra-red detected! 69 Yol
40.23 461 Infra-red detected! 690
40.12 458 Infra-red detected! 690l
40.01 453 Infra-red detected! 69%i=
35.91 448 Infra-red detected! 690>
35.84 431 Infra-red detected! 69 %>
35.80 422 Infra-red detected! 69%0E
35.22 i1 Infra-red detected! 69%0E
421 399 Infra-red detected! 690>

combustion of the inflammable gas. Figure 10 depicts an almost steadily rising gas
concentration as burning process occurs. Table 3 presents all data collected obtained
from the sensors during the test period and condition, with the values above the
threshold highlighted in red and the flame sensor detecting infrared which implies
the detection of flame. The system alarm is also triggered since all the sensors have
their data above the stated threshold.

Combustion of Inflammable Gas

The combustion of Liquefied Petroleum Gas (LPG) as inflammable gas was carried
out in a controlled condition in the sensing field and results as presented in the Table
4, Figure 11 and Figure 12 were obtained.
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Figure 9. Temperature chart from combustion of inflammable liquid

Figure 10. Gas chart from combustion of inflammable liquid

(==

Table 4 shows all data garnered from the sensor nodes in the course of
combustion at the test condition. It can be observed that infra-red was detected,
temperature and gas went beyond their thresholds as indicated by the red color of
their values. This situation also caused the system alarm to be triggered. Figure
11 and Figure 12 show the steady rise in temperature and gas concentration
respectively as the process progressed.
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Table 4. GUI tabular result from the combustion of inflammable gas in tabular form

Temperature (°C)
40.46
40.31
40.11
39.22
38.82
38.65
38.57
38.42
38.31
38.20
37.90

37.01

Gas (PPM)

MM

502

498

488

477

461

459

450

433

413

401

399

Infra-red

Infra-red detected!

Infra-red detected!

Infra-red detected!

Infra-red detected!

Infra-red detected!

Infra-red detected!

Infra-red detected!

Infra-red detected!

Infra-red detected!

Infra-red detected!

Infra-red detected!

Infra-red detected!

Result0-12

Total

Battery
68%im
68 %m0
68%E
68%m
68%0m
68%im5
68%/E
68%mE
68 %
68%m
68%mE

68%0E

Figure 11. GUI temperature chart from the combustion of inflammable gas
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Figure 12. GUI gas chart from combustion of inflammable gas

= L

CONCLUSION

WSNs can be leveraged for monitoring and detection of fire in domestic human
environments so as to save lives and properties. The trio-sensor system developed in
this paper unlike many convectional fire detection systems, cooperatively monitors
infrared, temperature and smoke for reliable fire detection. Its battery reporting scheme
makes for easy observation of the nodes’ energy and to ensure their viability while
its GUI is for remote monitoring and overall management of the network and system.
The system is preferably applicable in indoor domestic environments.
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