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Abstract. A fire detection system is one of the primary needs in forests, commercial and
residential buildings. Fire detection is done using either wire-based systems or Wireless
Sensor Networks (WSNs). In general, the Wireless Sensor Networks are preferred as
they are faster and more accurate than the wire based fire detection systems. In Wireless
Sensor Networks the fire detection can be done using various routing systems like the
Wireless Fidelity (Wi-Fi), Low Power Wide Area Network (LPWAN), Wireless Metal
Insulator Transition (MIT) network etc. We have adopted the Node centric lossless
routing scheme which increases the load balance and minimizes the delay of relay data
over the sensors to the base station using an Energy-Efficient Multilevel and Distance
aware Clustering (EEMDC) for Wireless Sensor Networks. Generally, it is done using
Hybrid Energy Efficient Distributive (HEED) protocol and Low-Energy Adaptive
Clustering Hierarchy (LEACH) protocols. It has drawbacks with the energy levels and
relaying of data. The proposed technique involves lossless and energy efficient schemes
for data transmission. It uses General Self-Organized Tree-based Energy Balance
(GSTEB) routing protocol, which can alter the root and renew the routing tree with a bit
of delay and with consumption of less energy. Distance-Energy Cluster Structure
Algorithm (DECSA) has the ability to reduce the communication complexities.
Therefore, a stable and balanced load is achieved than LEACH and HEED protocols.

Keywords: Wireless Sensor Network, Fire Detection, General Self-Organized Tree-
based Energy Balance (GSTEB), Loss rate, Efficiency, Delay, Throughput, Efficient
Low Duty Cycle (ELDC)..

1 Introduction

This

Fire accident is one of the most dangerous and biggest disasters. It is frequent and a
powerful debacle. It obliterates properties and imperils individuals' lives. Thus, detecting a fire
and putting it off is very important. This is where the fire detection system plays a major role.
The traditional fire detection systems are wired based and thus have limited cable transmission
distance. They also have problems in installation, construction, expansion and maintenance
costs [1]. Wireless communication provides resolution to these above cited problems.

Wireless Sensor Networks (WSNs) are being used in almost all the industry these days.
They are widely used in places where wired cables are ineffective and in open spaces. For
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example, monitoring a residential area or an open space for fire or smoke, medical industry,
traffic control, automation, etc. They have higher mobility, flexibility and easier to install and
maintain [2]. It records the environmental data with the help of small and cheap sensing
nodes in it [3]. The main problem with WSN are the energy consumption and delay in relaying
of data. This becomes complicated as we move on to the higher number of nodes. In WSN the
energy efficiency plays a vital role as most of the sensor networks have this limitation.
Increasing the performance of energy usage and extending the network life of such networks
have been a long-time problem [4]. WSN with a good routing protocol will help in decreasing
the consumption of node energy as its energy efficiency is limited [5]. WSN is very eminent in
collecting data in collaborative method, like the embedded system and sensors are integrated
foe collaborative data collection. This mainly depends on network’s energy efficiency,
lifespan and how balanced the network is. If the nodes have low energy the data collection and
dissemination cannot be carried out. Improving the residual energy can improve the network
[6].

Our proposed system overcomes all these drawbacks as it is energy efficient and has a
robust routing system. This network is highly reliable and adjusting to the environment. The
problem is that the sensor nodes cannot be charged again so its durability/ longevity should be
high. Monitoring industrial areas require higher number of nodes as the area is usually large.
The more the number of nodes higher is the accuracy of the fire detection and prevention.
Surveys have proved that group networks are beneficial like the cluster networks [7]. Cluster
networks play a vital role in WSNs as they make the network energy efficiency and expand
the lifetime of the network. Basically, nodes are mainly two types, Low Energy Sensor Nodes
(LESN) and Higher Energy Sensor Nodes (HESN). Based on the type of nodes, it will contain
HESN [8]. The communication takes place by dividing the clusters into groups [9, 10]. It has
three phases that are Cluster Setup Phase, Cluster Head Selection and Phase Communication
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Fig. 1. Communication of cluster networks

Fig. 1 interprets the general communication of the cluster network that is the
communication between the CH, sensor node, base station, intra and inter cluster
communication. Group networks have their unique ID and the middle node is selected. Each
node keeps transferring the data towards the target node. The nodes at the border help
communicate with the other groups. Routing protocols might differ grouped to the group.



Communication takes place from base station to other clusters through cluster head. The
selection of cluster head is done by looking at the left out residual energy [11]. In this the
Energy Hole Problem arises as the cluster head is closer to the base head and it loses its
energy faster due to heavy traffic there. This problem can be overcome by developing an
intelligent [12] and highly efficient device that can overcome these problems and work
accurately in all conditions [13].
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Fig. 2. Fire detection through WSNs

Fig. 2 depicts the general fire detection process through WSNs. We have proposed and
implemented Energy Efficient Unequal Clustering (EEUC). This has no cluster heads and the
sensor nodes of the duty cycle are changed in order to save energy. This technique works
based on the pair of queues.

The rest of the paper is organized as follows. Section Il provides the review of related
works. Section 1ll describes the proposed protocol and designed steps in the flow chart.
Section IV inflicts the experimental results and discussions. Section V concludes the paper
and references are mentioned at the end.

FIRE

2 Related Works

The related works mentioned below depicts the Wireless Sensor Networks (WSN) and
fire detection systems using different protocols which has enhanced Accuracy rate, Response
time, Safety measures, Algorithms and other factors involved.

Adnan, et.al, [14] proposed a LoRa mesh network based forest fire detector. It was
designed using DHT 11 and MQ2 sensor, Arduino Uno and LoRa modules. This device was
able to transfer information to about 500m and the RSSI received was -136dbm in a closed
space, but was able to transfer the data only partially in an open space. This model was able to
cover about 10 hectares with only 4 LoRa modules along with 4 nodes to avoid data collisions.
Dyan Quel. R, et.al, [15] developed a fire detection system for outdoor residential areas. The
system was constructed by using ionization smoke sensors, GPS module [16], GSM module,
Zig Bee module, ATmega328P and temperature sensor. It works within the area it has been
programmed and sends alert messages to the concerned people on the detection of smoke or
fire. Apart from this it also records the details of the fire accident automatically in excel file.



Alexander [17] built a model for crown fire, which is more severe than the surface fire.
The device would first detect the type of fire, that is, if its surface or crown fire, if its surface
fire there is an increase in amplitude to lower frequency and if its crown fire a Gaussian trend
line is formed and its frequency is from 250 to 450 Hz. In the same way for the other types of
fire a unique trend line is formed. Through this device totally 9 types of forest fires can be
detected based on its unique trend line. Spectral analysis was done with 15 records and was
found to be successful. This system adds on as a feather to the existing fire detection WSN
system.

P.J.Y. Piera [18] developed a model for fire detection and alarm system (FDAS) to
overcome the drawbacks of existing wired FDAS. It was built using a fire alarm control panel,
detection and fire alarm node. They built a wireless transceiver using XBee, which makes the
device flexible and has an automatic mesh network. Lab View is its control panel and it is
controlled by an algorithm. A network of nodes connect and work within the programmed
range and also cluster-tree automatically. LabView based GUI detects fire and takes care of
the alarm. It was implemented successfully and the response time was under 10 seconds, the
fastest being 0.8985 seconds and slowest being 5.018 seconds.

K. Pandey [19] suggested a WSN for early detection of fire based on Boolean-Poisson
model. They worked on Poisson point process (PPP), sensor density and also the effect of
wind velocity on it. The implementation and result of this model proved that the wind doesn’t
necessarily interrupt the fire detection, but the fire detection probability in fact increases
because of wind. Shuxin Zhong [20] proposed a device for fire detection and alarm system
called Wi-Fire for closed environment. This model overcomes the resultant phase and
amplitude difference of Channel State Information (CSI) due to the wireless signal
transmission. The CSI of RF signal was used in enhancing and improving Wi-Fire. This
detects fire through radio propagation. This is carried on by data processing and extraction.
This was implemented and tested, the accuracy rate was found to be 96.97%.

Ferry [21] proposed a WSN based model for fire detection and home monitoring. It was
built using Carbon Monoxide, temperature, humidity, air and smoke sensors. This is
completely based on fire accident probability detection. If the fire accident probability goes
high it automatically sends messages to the concerned person, turns on the alarm and also
unlocks the house doors automatically. This was implemented, tried and tested. It was found
to be quite accurate, though it had an error of only 0.3% in probability detection. Apart from
this it had a problem with the algorithm and it gets restricted in open space.

E. S. Sasmita [22] proposed a model for early fire detection. It was based on Flame
Sensor Module, which detects fire and it was integrated with GPS HAT which uses radio
frequency to transmit data along with LoRa module. These all were further integrated with
Raspberry pi. This was made as a prototype for fire detection. Information exchange for the
fire detection was done through data coordinates of GPS and was sent to LoRa module. This
model can also be used in disaster recovery as well. This was found to be useful, but the
drawbacks being inability to send the digital location and the area of coverage.

Jimin Son [23] endeavored a Wireless Metal Insulator Transition (MIT) Fire and Alarm
System to overcome the problem of high power consumption. The main components used
were Critical Temperature Switch (CTS), Bluetooth low energy beacons and Microcontroller
Unit (MCU). The key element being the CTS in the module. If the fire is detected CTS is
shifted to low resistance and it further controls the MCU for the alarm. As the CTS activates
MCU only when the fire is detected, this leads to a saving a huge amount of energy. This
differentiates it from the present WSN fire detectors. Its working is completely monitored by
the web pages.



Oxsy Giandi [24] proposed a method to detect the fire and its appearance. Prediction and
detection were made by the concentration of the gas leak. Data from LPG was used to detect
and predict fire based on the concentration of the gas leak and the alarm would be sounded
accordingly. For the fire type detection fuzzy system was used to fuse the smoke and CO data
with the help of humidity and temperature sensor. The drawback of this system was MFC was
not for real time use as it was slow in reading the data sent to it.

S. R. Vijayalakshmi [25] developed a system which scans the input video data and detects
the fire. The main principle used was Digital Image Processing and Programming and
embedded vision [26]. In the video first the frame is detected and frame conversion takes
place, then the colour detection of smoke and fire takes place, then motion detection is
followed by special analysis. The fake fire regions are also removed. If the fire is detected and
the time interval is more than the threshold, then the alarm is activated. This method is faster
to detect fire and also fully automatic in closed open space. The drawback being a bit of
accuracy.

S. Wilson [27] conducted a survey on the accidents caused due to fire and its effects.
They proposed a vision based fire detection system as it was found to be more accurate while
the existing fire detectors, smoke detectors and wired detectors were found to be inaccurate
and high false alarm rate. The vision-based fire detection system helps real-time fire detection
due to the analyses of the live video footage. HSV and YCbCr have been used for fire color
detection apart from this texture, shape, intensity and motion are also detected by it. This
method when stimulated was found to be more effective than the existing system.

Shixiao Wu [28] proposed a method for forest fire detection called as a classical objective
detection. They analyzed three methods of forest fire, namely R-CNN, SSD and YOLO. Out
of these three methods SSD was found to be accurate and better than the other two. It had
higher accuracy of fire detection and had lesser chances of false alarms. The fire was detected
using 4 coordinates of SSD. Using these coordinates the frame interval is calculated and fire is
detected. Muhammad. S [29] proposed a rescue system for fire accident detection. This system
was designed with Arduino microcontroller, camera, smoke sensor and buzzer. In this
proposed method data is collected from the camera and smoke sensors. These data are
forwarded to the monitoring system which is a wireless system. This technique accurately
predicts the fire and the rescue operation can be done at the earliest. Additionally, it also
provides images of the accident site with the help of the image sensor.

S. Vancin [30] compared the algorithm of SEED (sleep-wake energy balanced
distributed) with the existing homogeneous and heterogeneous clustering networks like
LEACH, SEP, PEGASIS, CEEC, DEEC and mod-LEACH. The comparison and survey were
done based on the alive nodes and their communication with the base station. This was done to
check which clustering method was more accurate, energy-efficient, reliable and robust than
the other clustering methods. All these methods were stimulated and compared in MATLAB.
The results suggested that SEED had its peak when compared to the other methods. SEED
proved to be advantageous due to its prolonged lifetime and less energy consumption.

Xu Jia [31] proposed a WSN based hierarchical software clustering algorithm. The cluster
heads of each group along with the base heads are standardized. Metric algorithms are
programmed at nodes for cluster security and accuracy. Stimulation analysis checked the
rationality and accuracy. It was done with traditional algorithm and the newly designed
algorithm along with the environmental parameters. The error rate, change in frequency of
cluster head cluster, detection time and safety of algorithms is compared and the output graph
is drawn. The error in tradition method was found to be between 40%-90%, while that the
newly designed software method was found to be 15%-30%. Thus, this analysis proved that



the WSN based hierarchical software clustering algorithm is more effective, accurate and can
work better than the traditional algorithm. This leads to better performance of the network
operation along with high safety.

S. K. M. Yendamuri [32] proposed for a three layer clustering approach rather than the
existing two layers clustering approach to enhance the system and to overcome the drawbacks.
For head selection at a lower level a dispersed hierarchical approach was deployed.
Additionally, grid nodes were deployed for the communication with the base heads and the
sensor nodes. This method was an extended version of LEACH called as EHCA. By default
the GH were initialized. The second layer of GH played a vital role in transmitting messages
to the first layer of CH and the second layer of base heads. This process reduced the total
energy required, thus saving the energy. This leads to increased lifetime of the network.
Therefore the stimulation proved to be successful for large networks, making them efficient
and accurate along with the increased life.

M. Z. Masoud [33] proposed a Hybrid Clustering Routing Protocol (HCP) which consists
of power module of LEACH and the cluster head selection protocol. It is a two phase protocol.
The first phase selects the cluster heads and the second phase is responsible for clearing the
traffic towards the target according to the threshold energy. In this process some end up
forming clusters while some don’t form clusters. This HCP uses the new proposed algorithm
CoN for calculating the threshold value. HCP, LEACH and LEACH-T protocols were
stimulated in MATLAB and their results were compared. The results proved that the proposed
HCP is better than the LEACH and LEACH-T protocol as it increased the life span by 30%
and reduced the energy consumption.

Jie Huang [34] proposed a multi cluster head routing system based algorithm. This
method works by dividing the WSNs into clusters where the integration of data is carried out
by the assistant cluster head node. It enhances the energy efficiency, which decreases the
number of death nodes, hence increasing the lifespan of the network. It is a good method for
realization too. For routing algorithm, it stimulates and analyzes the cluster head system.
Stimulation is done based on the number of live nodes and the time of the network. The
experimental analyzes and results proved that this multi cluster head algorithm was able to
balance the energy with the number of nodes better. It made the network balanced, energy
efficient [35] and stable.

3 Proposed Methodology

We proposed a protocol that is advanced to improve efficiency in broadcasting the signal
to the target station. This protocol increases the network lifetime and less output delay in
balancing load. The overview of the proposed protocol has been provided below.
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Fig. 3. Flow procedure for fire detection using GSTEB protocol

The primary goal of General Self-Organized Tree-based Energy Balance routing protocol
(GSTEB) is to attain a high abundant network lifetime for different applications. It can
mitigate the root and causes slight delay and modest energy utilization by remodeling the
routing tree. Thus a well-balanced load is achieved distinguished with the protocols like
HEED, LEACH. So, GSTEB is a self-assembled protocol that utilizes a small extent of
energy.

General Self-Organized Tree-Based Energy-Balance (GSTEB) Routing Protocol is used
for Wireless Sensor Networks (WSN). It can lower the whole vitality consumption and
stabilize the load on WNS. In this protocol, Data Fusion takes place as individual node
transmit uniform data instead of how much data gathered from its sub branches. By using this
protocol, the lifetime can be increased and finally the data will be sent to the Base Station
(BS).

Fig. 3 explicates that at the beginning, the cluster heads start rotating. The message
packets dispatch into the sensor field. The sensor nodes accumulate the data from the base
station. In the tree construction stage, the nodes start subdividing into groups and extend
themselves to transfer the data. The groups comprise of message packet and collect the data
from nodes, thereby information will be exchanged. Thus, the data will be passed to the
required target station. If the data deliverance is not effectuated in between the medium, it
turns back to the sensor field. So, it completes the entire process and reaches to destination
with better throughput and packet delivery.
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Fig. 4. Fire Detection using WSN

The above diagram Fig. 4 explains the process flow of the proposed protocol. The power
supply sends the current to the temperature sensor and gas sensor. Mainly the gas sensor
detects the gas and generates an emf by changing resistance. The temperature sensor identifies
the temperature present in the atmosphere and converts the data into binary form. The values
will be measured on analog to digital converter. The digital values are passed into the
microcontroller. The Raspberry Pi Microcontroller has a clock frequency of 1.2GHz, which
improves the speed and a Processor of 64-bit quad-core ARM Cortex-A53.Hence, the base
station current status will be obtained and known.

4 Results and Discussions

We are discussing our protocol in detail by considering the parameters Loss Ratio, Delay,
Drop node, Protocol efficiency, Throughput for evaluation. Loss Ratio is usually defined in
packets. When one or more packets of information fail to move from end to another end called
as Packet Loss. Basically, it happens due to fallacy in transmission of data. This is majorly
caused due to Interference in frequencies of signals. If two sources are placed together, one
will face heavy loss of data packets. Even in Communication signals there will be lots of
packet loss. This is caused by Bit Error Rate (BER).
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The above Fig. 5 shows the relationship between and time and Loss and the difference
between loss parameter between the EDLC and GSTEB protocol where the red line indicates



the GSTEB and green line indicates ELDC. It is evident that loss is reduced by using GSTEB
protocol.

Delay is the time taken to operate certain packets of data. In depth we can say that the
packet travelling from one node to another node and finally gets reset at destination is known
as delay (1). There are many types of delays involved in operating the data packets. Loss of
data packets depends on the buffer and finally it affects the network performance. Mainly
transmission delay plays a major role in transmitting packets to the medium.

dNodal = dProc + dQueue + dTTan + dProp (1)

Fig. 6 shows the relationship between and time and delay and difference in the delay
parameter between the EDLC and GSTEB protocol where the red line indicates the GSTEB
and green line indicates ELDC. It is evident that the delay is reduced by using GSTEB
protocol.
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Fig. 6. Delay Output

The corresponding location within the sensors and sink at the end to end delay will be
vigorous accompanying with cluster heads ‘resource allocations. The data packets are
transferred to an extreme delay area unit born in the real-time traffic. The timeline sharing of
every CH for native and inter-cluster traffic transmissions are provided. They are associated
with nursing analytical model, which are created from entirely different clusters and
manifested to search out the dissemination of the end-to-end transmission delay for packets.
Thus the packet drop rate is plagiarized from the outcome.

Later, a tentative theme is mapped out to put together notice the timeline allocations of all
the CHs during a WSN to realize the minimum and the balanced packet drop rate for traffic
originated. Simulation result area unit given to examine and prove the analysis and potency of
the designed CH timeline share them.
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Fig. 7 shows the relationship between and time and drop node parameter and the
difference between drop node parameter between the EDLC and GSTEB protocol where the
red line indicates the GSTEB and green line indicates ELDC. It is evident that drop node
parameter is reduced by using GSTEB protocol.

Efficiency (2) was examined for different packet sizes as well as different transaction
setups. Analysis was performed on a transaction base and Substantial humiliation in protocol
efficiency. The efficiency calculation based on the below parameters.
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The above Fig. 8 shows the relationship between and time and protocol efficiency and the
difference between protocol efficiency between the EDLC and GSTEB protocol where the red
line indicates the GSTEB and green line indicates ELDC. The designed protocol achieves



98.90% efficiency, utilization respectively, over the ELDC. It is evident that protocol
efficiency is enhanced by using GSTEB protocol.

Throughput is the rate of the message that is successfully delivered over a communication
medium. It is expressed in Bits per Second (bps). It is the data transmitted over a unit of time
and data passing through a medium. The estimated maximum throughput will be shorter at the
layer above it, because every layer appends a protocol for assigned maximum throughput at a
lower layer.
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Fig. 9. Throughput Outpu
Fig. 9 shows the relationship between and time and throughput and difference between
throughput between the EDLC and GSTEB protocol where the red line indicates the GSTEB
and green line indicates ELDC. The throughput achieved for the GSTEB Protocol is
355.56Kbps over ELDC. It is evident that throughput is enhanced by using GSTEB protocol.

Conclusion

Thus, the system with DECSA protocol along with GSTEB protocol for fire detection
based on WSN to overcome the delay of relay data, decreases energy consumption and
increases the stability of the system. DECSA decreases the interfacing difficulties and GSTEB
protocol enhances the network lifetime and makes the load more balanced. Also, the increased
number of nodes enhances the efficiency.

We simulated the GSTEB and ELDC protocol in the software and analyzed the results of
the proposed system which proved that the loss ratio, delay and drop node was lower in
GSTEB protocol when compared to the ELDC protocol. Also, the GSTEB protocol achieved
98.90% efficiency and 355.56 Khbps throughput over the ELDC protocol. Thus the efficiency
and throughput are enhanced in GSTEB protocol. Therefore, the results show that the
proposed algorithm and protocol overcomes the drawbacks and proves to be more stable and
balanced than LEACH and HEED protocols. However, the results have been stimulated and
studied only for the static environment. The dynamic environment will be considered and
worked on in the future.
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