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Abstract 
Forest fires are a fatal threat to environmental degradation. Earth is a flammable planet because of its carbon-
rich vegetation and oxygen rich atmosphere. One-fourth of the earth is covered by the forest. Nowadays 
these forests are getting destroyed due to many environmental changes. The forest fire is one of the major 
threats to environment and wild life. The forest fire has to be detected in the early stage to prevent the fire 
from getting spread to the large forest area. Many techniques are used for the Fire detection in large forest 
areas. One of the emerging techniques is implementation of sensing nodes of Wireless Sensor Networks 
(WSNs). The WSN consists of several sensing nodes which gather information from the surrounding 
environment and communicate with each other to send the measured data to a base station for further 
processing. The main problem behind sending the information to base station is the time delay. To reduce 
the time delay an efficient optimization algorithm is required for routing. This paper proposes a novel Hybrid 
Ant Breeding Algorithm (HABA) for performing routing in WSN in the early detection of forest fire. If 
forest fire happens in the multiple areas at the same time, the area with high fire intensity requires early 
attention than other areas. This can be accomplished using the novel HABA. 
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INTRODUCTION 
Forest fire is a type of fire that starts as small fire at 

small area and gradually turns into a huge fire due to 
some favorable conditions such as presence of dry trees, 
grasses and strong winds. If the information about the 
fire is send early to the authority responsible for 
controlling, the fire can be prevented from getting into 
huge fire. The activities of human such as charcoal 
burning or smoking can cause fire to occur in the forest. 
The condition that can trigger fire in the forest is broken 
glasses that act as collective lens focusing sun light on a 
small spot for a length of time (Alkhatib 2015). The 
emissions of fine particles can cause respiratory and 
cardiovascular problems (Zhang et al. 2008). The best 
way to fight against forest fire is to early detection of 
forest fire. These fires are a constant threat to ecological 
systems of forests and human safety especially in 
regions with hot climate (Zhao et al. 2015). It was also 
found that 13 million hectares of forest are affected by 
the fire every year approximately. The main problem is 
when the forest fire becomes large it is very difficult to 
put out.  

Many researches are done for monitoring and 
detecting forest fire with the help of wireless sensor 
networks. In 2013 researchers proposes the use of the 
WSN in transmitting the raw data into a control system 
(Bolourchi et al. 2013). The WSN technology can be 
used to detect the forest fire in its early stages. A number 
of sensor nodes must be pre-deployed in a forest. 
Different types of raw data’s, such as temperature, 
humidity and pressure are sensed by these sensors. 
These data’s are sent in ad-hoc manner to a sink node. 
The sink node transmits the received data to the control 
center via a transport network. The problem to be taken 
into account is the delay of the transmitted data to the 
control center and an efficient algorithm can be used for 
performing the routing of information in a less time.  

The evolution is the process by which various kinds 
of living organisms got developed from earlier form of 
their existence. Inspired by the natural evolution of the 
organisms, evolutionary computation came into 
existence. An evolutionary algorithm abides the natural 
evolution of the species in the earth. The evolutionary 
algorithm is used for solving real time multiple 



 
 
Kalaiarasi and Sriramya 
 

 
1464  Ekoloji 28(107): 1463-1471 (2019) 
 

objective problems and optimization problems. Since 
the evolutionary algorithms gives optimal solution, it is 
widely used in solving large scale problems (Kalaiarasi 
et al. 2014). Many such algorithms are designed to solve 
real time problems such as selective breeding algorithm 
that selects the more appropriate population to build a 
new generation (Sriramya et al. 2013). 

 LITERATURE REVIEW 
The forest fire detection is done by implementing 

the procedures to fuse the data from helicopter with 
infrared and visual cameras. The detection is done based 
on the image processing that is combined with terrain 

data and meteorological information. This increases the 
performance and robustness of the detection. Also 
reduces the uncertainties and increase the performance 
of the system (Ramiro Martinez-de Dios et al. 2005). In 
2010, an article published by Douglass states how the 
forest fire causes so many health impacts and also 
inferred that this forest fire will be more in future 
(Douglass 2010).  

In 2017, forest fire detection was performed by using 
the relationship between the amount of vegetation and 
the temperature of land surface for determining the 
temperature threshold (Liu et al. 2018). The Table 1 

Table 1. Review on various Techniques used with WSN for detecting forest fire detection 
No Author Title of the Paper/Year of 

Publication Journal Description 

1 Zhang J, Li W, Han N, 
Kan J  

Forest Fire Detection System Based 
on a ZigBee Wireless Sensor 
Network, 2008 

Frontiers of Forestry in China 
(Springer) 

The topology of this system is a cluster-tree and the information path takes less 
memory space. The system detects the temperature and humidity (Zhang et al. 2008). 

2 
Bayo A, Antoin D, 
Medrano N, Calvo B, 
Celmaa S  

Early Detection and Monitoring of 
Forest Fire with a Wireless Sensor 
Network System, 2010 

Procedia Engineering 
(Elsevier) 

The wireless sensor network is useful for monitoring large surfaces of forest to detect 
and prevent forest fire with low power consumption. In this topology checksum 
verification is done redundantly to ensure the accurate data reception (Bayo et al. 2010). 

3 
Diaz-Ramireza A, 
Tafoyaa LA, Atempaa 
JA, Mejia-Alvarez P 

Wireless Sensor Networks and 
Fusion Information Methods for 
Forest Fire Detection, 2012 

Iberoamerican Conference on 
Electronics Engineering and 
Computer Science (Elsevier) 

The proposed algorithm was based on information fusion techniques. Two algorithms 
are combined and the algorithm uses threshold method, temperature, humidity and 
light sensors and Dempster-Shafer theory (Diaz-Ramireza et al. 2012). 

4 Bolourchi P, Uysal S  
Forest Fire Detection in Wireless 
Sensor Network Using Fuzzy 
Logic, 2013 

International Conference on 
Computational Intelligence, 
Communication Systems and 
Networks  

The Intelligent Decision Making (IDM) uses Fuzzy Logic algorithm using 
temperature, smoke, light, humidity and distance as functions. Probability of fire based 
on fuzzy rules is found using the status of the functions (Bolourchi et al. 2013). 

5 Bouabdellaha K, 
Noureddine H, Larbi S  

Using Wireless Sensor Networks 
for Reliable Forest Fires Detection, 
2013 

The 3rd International 
Conference on Sustainable 
Energy Information 
Technology 

The process of finding the temperature information is proposed (Bouabdellaha et al. 
2013). This is accomplished with the help of air temperature sensor and soil moisture 
sensor. 

6 Alkhatib AAA  A Review on Forest Fire Detection 
Techniques, 2014 

International Journal of 
Distributed Sensor Networks 

The activities of human such as charcoal burning or smoking can cause fire to occur in 
the forest. The condition that can trigger fire in the forest is broken glasses that act as 
collective lens focusing sun light on a small spot for a length of time (Alkhatib et al. 
2014). 

7 Owayjan M, Achkar R, 
Abdo E, Mallah S  

Firoxio: Forest fire detection and 
alerting system, 2014 

MELECON 17th IEEE 
Mediterranean 
Electrotechnical Conference, 
(IEEE) 

The device uses various sensors, solar recharging mechanism, and wireless data 
transmission (Owayjan et al. 2014).  

8 Denera M, Ozkoka Y, 
Bostanclub C 

Fire Detection Systems in Wireless 
Sensor Networks, 2015 

World Conference on 
Technology, Innovation and 
Entrepreneurship (Elsevier) 

The detection system was proposed, which notifies the control room about the fire by 
text messages (Denera et al. 2015). This transmission helps in earlier fire detection and 
in turn reducing the cost. It is a cheaper and efficient fire detection technique.  

9 
Molina-Pico A, Cuesta-
Frau D, Araujo A, 
Alejandre J, Rozas A 

Forest Monitoring and Wildland 
Early Fire Detection by a 
Hierarchical Wireless Sensor 
Network, 2016 

Journal of Sensors 

The system uses the general methodology of the wireless sensor network (Molina-Pico 
et al. 2016). It also uses some optimization techniques for minimizing power usage. 
The sensor node captures the status of the environment and sends it to the central 
node. Then it is send to the middleware of the system. The data’s are transferred in the 
form of packets. The main drawback is the poor internet connectivity because for the 
successful operation of the system uninterrupted internet service is required. To 
overcome this many firefighting appliances are incorporated in the system. So the 
implementation cost is high. 

10 Lutakamale AS, Kaijage 
S  

Monitoring and Detection System 
Using Wireless Sensor Network: A 
Case Study of Tanzania, 2017 

Scientific research publishing 
(Elsevier) 

A comparative study was done between two forest fires detection methods (Canadian 
and Korean) using a real experimental technique. It is proved that the Canadian 
approach is more effective in terms of energy consumption and execution speed. And 
also stated that an adaptive routing scheme can be designed in future for the guaranty of 
continuous transmission of accurate environmental data (Lutakamale et al. 2017). 

11 

Praveenchakkaravarthy 
S, Nancy J, Naveen 
Kumar VS, Narayanan 
N, Pavithra R 

Forest Fire Detection System, 2017 
International Journal of 
Recent Trends in Engineering 
& Research (IJRTER), 

This paper proposes a system for forest fire detection (Praveenchakkaravarthy et al. 
2017). 

11 Cantuna JG, Solorzano 
S, Clairand J-M  

Design and implementation of a 
Wireless Sensor Network to detect 
forest fires, 2017 

2017 Fourth International 
Conference on eDemocracy 
& eGovernment (IEEE) 

The system measures three types of gases such as CO2, CO and CH4 and it gives the 
prototype provides an efficient and reliable method to detect and monitor forest fires 
(Granda et al. 2017). 

12 Abdullah S, Coskun A, 
Kale I  

A wireless sensor network for early 
forest fire detection and monitoring 
as a decision factor in the context of 
a complex integrated emergency 
response system, 2017 

2017 IEEE Workshop on 
Environmental, Energy, and 
Structural Monitoring 
Systems (IEEE) 

This paper discusses on compact, easily deployable and energy efficient sensor nodes 
(Abdullah et al. 2017). 

13 Mohapatra S, Khilar PM  
Forest fire monitoring and 
detection of faulty nodes using 
wireless sensor network, 2017 

2016 IEEE Region 10 
Conference (IEEE)  

Proposed an algorithm to detect the faulty nodes and probabilities of fire using fuzzy 
logic (Mohapatra et al. 2017). 

14 Singh PK, Sharma A  
An insight to forest fire detection 
techniques using wireless sensor 
networks, 2018 

2017 4th International 
Conference on Signal 
Processing, Computing and 
Control (IEEE) 

Many wireless sensor network based forest fire detection techniques are examines and 
their merits are examined (Singh et al. 2018). 

15 Liu YM, Liu YM, Xu 
HL, Teo KL  

Forest fire monitoring, detection 
and decision making systems by 
wireless sensor network, 2018 

2018 Chinese Control And 
Decision Conference (IEEE) 

The proposed approach can provide faster and efficiently reaction to forest fires while 
consuming economically WSN’s energy (Liu et al. 2018). 
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shows the various technologies and algorithms used for 
forest fire detection with the WSN. 

PROPOSED ALGORITHM 
A novel evolutionary Hybrid Ant Breeding 

Algorithm (HABA) that mimics the natural breeding 
behavior of the ant breeding and the seed dispersal. The 
evolutionary algorithm is a subset of evolutionary 
computation, a generic population- based metaheuristic 

optimization algorithm. It is based on the idea of 
biological evolution. This algorithm consists of two 
stages. In first stage the algorithm mimics the seed 
dispersal for finding the intensity of flesh in a seed. The 
second stage is going to involve the mating process of 
ant for finding the best population for next generation. 
The HABA is suited for optimization problems with 
multiple objectives. The Fig. 1 depicts the life cycle of 

 
Fig. 1. Life Cycle of HABA 
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the HABA algorithm and Fig. 2 shows the flow diagram 
of the proposed algorithm. 

In nature seeds from the plants are dispersed in the 
atmosphere due to various factors such as wind, 
transporters like human, animals. The seed are 
dispersed randomly in the atmosphere. Each and every 
seed has a fleshy structure called as elaisome. 
Depending upon the intensity of the elaisome, the ants 
are attracted towards the seed. The seed with high 
intensity elaisome is attracted by the ant and that seed is 
taken to the ant colony. The flesh from the seed is taken 
by the ant as food that is having high nutrition level. 
Then the ants are kept ready for nuptial flight. Based 
upon the suitable weather condition, the queen ant 
performs the nuptial flight for breeding. The male ant 
with good fitness performs mating with the queen ant. 
After mating the male ant die and the queen ant creates 
the new colony. This is shown in Fig. 1. 

Mathematical Formulation of HABA 
Step 1: Initialization of nodes 

Step 2: Calculate the fire intensity of the node 

Step 3: Compare the value and the node with the 
max value is selected.  

Step 4: Node with max fire intensity broadcasts the 
information to the neighboring nodes. Q(n) = VnXn 

Step 4.1: The returned node information is again is 
added to the node value that captures the affected node 
information.  

�𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 + 𝑄𝑄(𝑉𝑉)
𝑛𝑛−1

𝑛𝑛=0

 

Step 5: The node from which the information is 
send (mx) value i.e. selected first node will now be idle. 

Step 5.1. Select the next node with max value: 

Repeat the steps 4 and 5 until all items are involved 
in the process 

Step 6: check the value 

�𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 ≤ 𝑉𝑉𝑉𝑉
𝑛𝑛−1

𝑛𝑛=0

 

 
Fig. 2. Flow chart of HABA 
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Pseudo Code of HABA 
n: Number of nodes 

I; nodes 

wi: fire intensity at each node 

max: node with high fire intensity 

begin: 

//Initialization; 

m←0; 

for m=0 to ‘n’ do 

 max:= Wi(m) 

 if( Wi(m) < Wi(m+1) 

 max:=Wi(m+1)   (1) 

 Q=m+1 

end 

for c=Q-1 to n-1 

 I[c]=I[c+1]   (2) 

End 

E=I[m+1] 

Q(e)=Wm+1   

//Generation of new population 

for k=0 to n-1 

Q(k)=Wk 

Perform     

∑ 𝑄𝑄(𝑒𝑒) + 𝑄𝑄(𝑘𝑘)𝑛𝑛−1
𝑘𝑘=0    (3) 

To calculate the value ‘S[i]’ 

 

I[n]=I[n]-max //remove the node with max fire intensity from 
  //the list of nodes 

Check if  

∑ 𝑆𝑆𝑉𝑉 ≤ 𝑉𝑉𝑋𝑋𝑛𝑛−1
𝑛𝑛=0     (4) 

Repeat the process until all nodes are removed from the initial list 
of population 

Table 2 shows the various parameters being used in 
the HABA algorithm and its description. The ‘n’ is the 
total number of nodes. ‘i’ represents the name of the 
node or identity of the node. Wi represents the fire 
intensity of the node. Max is assigned with the node 
with maximum fire intensity. Q(e) stores both the 
intensity information of the node and also the node 
information. The pseudocode of HABA is given above. 

WIRELESS SENSOR NETWORKS 
The WSN is a collection a collection of nodes called 

sensor nodes. The general architecture of the WSN is 
shown in the Fig. 3. These nodes are organized into a 
cooperative network. 

The nodes communicate the information wirelessly 
after deployment. The information from the sensor 
nodes are send to the service agent and in turn the 
information is send to the analyst. 

IMPLEMENTATION OF FIRE DETECTION 
USING HABA IN WSN 

The HABA algorithm is implemented with the 
WSN for the early detection of fire in the forest. In the 
first stage of the HABA algorithm, pre-deployment of 
the sensor nodes are done in the forest. The second 
stage of algorithm involves the mating process of ant for 
transmitting the raw information to the control station. 
This helps in sending the information in a less time so 
that the authorities are able to suppress the fire before 
spreading to a large area. 

Initially many nodes are deployed in various 
locations in the forest. If any fire accident occurs, the 
node identifies the fire intensity of its location. The 
node that identifies the high intensity of fire is found by 
the equation (1). The node credentials are maintained 
using the equation (2). The node information along 
with the fire intensity information is broadcasted to the 
neighboring nodes. There that nodes fire intensity value 
is appended if any fire accident is noticed in that route. 
If not the information is sent to the service agent by 
taking shortest route at minimum time. This process is 
repeated for all the nodes until all the nodes information 
is send to service agent. The distance travelled by the 
message to reach the service agent is found by the 
number of nodes it passes through and also the distance 
between the nodes by using equation (3). This is 
repeated until all the nodes are checked for its fire 
intensities. Next high fire intensity node is attended. 
Since the information is sent to the service agent early, 
the high fire intensity nodes are identified first for 
necessary action to be taken to put out the fire. Because 
of this, fire is prevented from spreading due to climatic 
weather conditions. Also the information of each node 
is send to the service agent, so that monitoring is made 

Table 2. Description of the parameters used in HABA 
Parameter Remarks 
n Number of nodes 
i Name of the node 
Wi Fire Intensity of the node 
max Node with maximum fire intensity 
S Value received by the service agent 

 

 
Fig. 3. General Architecture of the WSN 



 
 
Kalaiarasi and Sriramya 
 

 
1468  Ekoloji 28(107): 1463-1471 (2019) 
 

easy. The service agent gets this information from all the 
nodes every equal interval of time. This is implemented 
as a simulation and it is shown in figure 4. The time 
taken by the HABA is calculated and the results are 
shown in Table 4 and it is compared with the results of 
the Seed Based Plant Propagation Algorithm SbPPA.  

Fig. 4 shows implementation of nodes in the 
different location in the forest. The fire intensity of the 
nodes is represented using color as given in the Table 
3. Based upon the intensity of fire, the effect is rated. If 
the value if very high, that node must be attended first.  

Table 3 gives the detailed description of how 
HABA in applied for forest fire detection. Each and 
every row denotes the various steps involved in sending 
the forest fire information to the service agent. 

RESULT AND DISCUSSION 
The simulation result of HABA on forest fire 

detection is compared with SbPPA. The time 
complexity of SbPPA algorithm is O(n2), when applied 
for multiple travelling salesman problem (Kalaiarasi et 
al. 2018). The multiple travelling salesman problem is 
one of the optimization problem. The result of both 
SbPPA and HABA algorithm on forest fire detection is 
compared. The distance travelled by the message to 
reach the service agent is calculated using both HABA 
algorithm and SbPPA algorithm and listed in the Table 
5. Fig. 5 shows the performance of HABA and SbPPA 
in terms of distance and it is proved that the distance 
taken by the SbPPA is much more than the distance 
covered when using HABA. So time taken to send the 
information about fire by using HABA, is very less 
when compared to SbPPA algorithm. 

 
Fig. 4. Nodes showing fire intensity and its path to service agent 

Table 3. Representation of intensity of Fire 
S.No Color Fire Intensity (kw/m) Rating 

1 Bright Yellow 0.8 > 1 Very High 
2 Yellow 0.6 > 0.8 High 
3 Green 0.2 > 0.5 Moderate 
4 Olive green 0 > 3 Low 
5 Blue 0 Nil 

 

Table 4. Mapping of HABA for forest fire detection 

Steps of HABA  
Steps of HABA used for forest fire 
detection 

Random initlization of 
seeds 

Random initialization of nodes in the 
forest 

Ants are attracted by the 
elaiosomes 

Due to climatic changes, forest fire 
occurs 

Seed is taken to the ant 
colony based upon the 
intensity of elaiosomes 

Node with high fire intensity is found 
using equation(1) 

Ants in the colony eats the 
elaiosomes 

This node information must be sent to 
the service agent  

Nuptial flight of queen ant 
with the male ant from 
other colony 

The information is broadcasted to the 
neighboring nodes (2) 

After mating males die 
Node captures the information and 
send it to its neighboring node with the 
help of equation (3) 

Queen creates its own 
colony 

Again from that node passes to the next 
node and last to the service agent 
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Table 6 shows the time taken by the HABA and 
SbPPA to complete its execution, when various 
numbers of nodes are deployed. The HABA algorithm 
visits all the nodes. The time complexity required by 
HABA is O(n). The exploration is made good. All the 
nodes are visited once to find the vulnerability of fire. 

The exploitation is also made easy, because algorithm 
does not stops after finding the node with maximum 
fire intensity. It also finds the node with all level of fire 
intensities. So that solution will not suffer from local 
maxima, and also leads to optimal solution. 

 

CONCLUSION 
Our framework has considered the aspects of sensor 

node deployment, clustered hierarchy network 
architecture and environmentally aware intra- and 
inter- cluster protocols to facilitate performance in 

Table 5. Comparison of distance travelled by the message to reach the service agent 
S. No Name of the Node Fire Intensity Captured in the node (kw/m) HABA (m) SbPPA (m) 

1 2 1 127 219 
2 b 1 102 189 
3 i 0.83 40 95 
4 d 0.74 11 75 
5 7 0.73 41 73 
6 f 0.68 20 103 
7 6 0.63 27 121 
8 1 0.58 110 192 
9 9 0.49 84 140 
10 5 0.43 35 98 
11 g 0.43 135 198 
12 a 0.41 83 156 
13 e 0.41 78 136 
14 h 0.34 125 254 
15 0 0.18 21 128 
16 c 0.15 78 96 
17 8 0.13 87 94 
18 4 0.02 92 183 
19 3 0.01 30 78 
20 k 0.00 - - 

 

 
Fig. 5. Performance analysis of HABA on SbPPA with respect to distance 

Table 6. Performance Measure of HABA over SbPPA 

S. No Number of 
Nodes 

Time Taken by 
HABA (ms) 

Time Taken by 
SbPPA (ms) 

1 10 0.34 0.45 
2 20 0.43 0.54 
3 30 0.44 0.64 
4 40 0.48 0.68 
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terms of energy consumption and fire reaction delay. 
The performance measure of HABA algorithm is 

shown in Fig. 6. The number of nodes is taken along x–
axis, and the time taken for the execution of the 
algorithm is taken along the y-axis. The plot shows that 
time taken by the HABA algorithm is lesser than the 
SbPPA algorithm. Thus proved that HABA algorithm 
gives the optimal solution with time complexity of 
O(n). It can be implemented easily because only few 
parameters are used in the algorithm.  

The HABA algorithm works good when more 
number of nodes of involved in the architecture. The 
HABA algorithm can also be used in any other multi 
objective optimization problem, where the exploration 
and exploitation must be made effective. 
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