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Abstract –Thanks to the great steps taken in recent 

years in technological development, and in particular 

microelectronics and wireless communication 

techniques, small networked and inexpensive 

communicating sensors are increasingly being used in 

industrial applications and observation of the 

environment. However, the use of wireless sensor 

networks in such applications has to face several 

limitations imposed by sensors such as processing 

capacity, small memory size and energy. Or the limits 

imposed by the network itself, such as the narrow 

bandwidth, the network dynamics due to the 

topological variation of the network and the 

appropriate communication protocols adapted to this 

type of network. In this paper, we test Low-Energy 

Adaptive Clustering Hierarchy (LEACH) and 

Artificial Bee Colony optimized LEACH based cluster 

head election under a few distinctive situations holding 

high level heterogeneity to low level heterogeneity. The 

performance comparison metrics are; network lifetime 

and network throughput.   

 

Keywords – ABC, LEACH, Sensor Nodes, Wireless 

Sensor Networks.  

 

I. INTRODUCTION 

WSN consist of large number of sensor nodes that 

are deployed in the environment and are powered by 

battery and replacing the battery of each and every 

node in the sensor network is impractical so it is 

necessary to make use of this limited energy 

efficiently therefore an energy efficient algorithm 

has to be designed [1]. The nodes in the WSN are 

distributed spatially and to send the sensed data to 

the base station or sink node needs multi-hop 

communication when the base station or sink is not 

in range so the number of intermediate nodes are 

required to send this sensed data to the desired 

destination which consumes more energy of the 

network because all the intermediate nodes forward 

the data coming from their neighbour and to do this 

job they consume energy and this motivate us to 

reduce the number of hops and intermediate nodes 

taking part in transmission of data by using 

clustering algorithm in which the nodes are grouped 

into clusters and each node in cluster send data only 

to their concerned cluster head which is then 

aggregate all the data coming from the member 

nodes and send it to the sink or base station [2]. 

The energy efficient nature, data aggregation, load 

balancing, and improved network lifetime of 

hierarchical cluster based routing motivate us to use 

them for this research [3]. These protocols are 

centralized or distributed depends on the process of 

selecting cluster heads. The location of each and 

every node in the cluster and their residual energy 

are used to make decision for selecting one of them 

as a cluster head one such protocol is LEACH [4]. 

The LEACH protocol is chain based protocol in 

which each node communicates only with its 

previous and next neighbour and reduces the number 

of communicating nodes which helps in reducing 

energy consumption [5]. 

Although there is a drawback of using fixed cluster 

head because all the data of member nodes are 

routed through the cluster head which lead to higher 

energy consumption at cluster head and due to this 

reason they die soon but it will also improve the life 

time of the network. Increasing the size of cluster 

head or providing more power as compared to the 

member node will increase their lifetime. Hence to 

increase the lifetime of the network and to make it 

energy efficient the best approach is hierarchical 

based clustering [6]. 

Wireless sensor network composed of numerous of 

sensor nodes which communicate with each other 

through wireless network. Each sensor node is 

required to be capable of sensing, processing and 

communicating the processed data to the 

neighbouring nodes to form a network. The data 

packets travel through these sensors nodes from 

source node to destination node via several 

intermediate nodes. The data packets can uses long 

as well as short route to reach to the destination 

node. The long route may results in network delay 
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and can take larger time while simulating it. On the 

other hand short route results in better network 

performance by consuming lesser energy and lowest 

network delay. Finally, the routing targets are 

oriented by the application, therefore different 

routing protocols have been offered for easily 

accessibility of those applications [7]. 

Wireless sensor network also termed as distributed 

sensor nodes network in which each node are 

independent of each other and can perform 

transferring of data packets individually. A wireless 

sensor network is an accumulation of small 

randomly dispersed devices. Moreover in WSN, 

each node communicates with their neighbour node 

for transferring data from source node to sink node 

[8]. The size of sensor nodes may change from small 

grain size to large box according to the requirement 

of application. Networking topologies may also 

vary. In WSN assumption, a user may retrieve the 

information by sending query to the system and then 

getting the results accordingly. 

We perform an investigational comparison among 

Low-Energy Adaptive Clustering Hierarchy 

(LEACH) and Artificial Bee Colony optimized 

LEACH based cluster head election, so as to find a 

method which increases the lifetime and reduces the 

energy consumption of the network. 

 

II. PROPOSED METHODOLOGY 

 

A. Low-Energy Adaptive Clustering Hierarchy 

(LEACH) 

 

 
Figure 1: Flow chart for LEACH protocol 

During the configuration phase, randomly generated 

cluster head, the random number is selected in a 

range between 0 and 1 in each sensor node, if the 

selected number is smaller than some threshold 

𝑇(𝑛), then the node is selected as the head of the 

cluster. Formulas of 𝑇(𝑛) as follows [9]: 

𝑇(𝑛) − ∫
𝑝

1−𝑝[𝑟 𝑚𝑜𝑑 (
1

𝑝
)]

𝑛

0
  with 𝑛 ∈ 𝐺        (1) 

Where, 𝑝 is the percentage of the number of cluster 

headers and the total number of nodes in the 

network, 𝑟 is the number of the current round, 𝐺 is 

the set of cluster nodes except the cluster head of the 

last rounds 
1

𝑝
. Then, the header node of the cluster 

transmits the message that it is becoming a cluster 

head in the entire network, each node decides to join 

that cluster according to the intensity of the received 

information and responds to the corresponding 

cluster header. Then, in the next phase, each node 

uses the TDMA method to transmit data to the 

cluster header node, the cluster head sends the fusion 

data to the receiving node. Among the clusters, each 

cluster competes with the communication channel 

with the CDMA protocol. After a period of stable 

phase, the network enters the next round of the cycle 

again, continuous cycle. 

The randomly selected group header method avoids 

excessive power consumption, improves network 

life, data fusion reduces traffic effectively, but the 

protocol still uses jump communication, although 

the transmission delay it is small, the nodes require 

high power communications, the expansion is 

deficient, it is not suitable for large scale networks; 

even in smaller networks, the nodes furthest from 

the receiving node communicating with each other 

at high power can lead to a shorter survival time; 

frequent selection of the cluster head will lead to the 

cost of energy traffic. 

B. ABC Optimized Cluster Head Election 

Probability  

Let 𝑛𝑎𝑙𝑖𝑣𝑒  represents the number of alive nodes with 

residual energy greater then the threshold energy 

and 𝑝 be the clusterhead election probability, then 

the optimum number of CH elected for a given round 

will be [10]: 

𝑃𝑜𝑝𝑡 = 𝑛𝑎𝑙𝑖𝑣𝑒 ∗ 𝑝           (2) 

Here 𝑃𝑜𝑝𝑡  is optimized using Artificial Bee Colony 

(ABC) optimization, which is described as: 

 

1) Artificial Bee Colony (ABC) Algorithm 

The ABC algorithm is a swarm based, meta-

heuristic method based on the foraging behaviour of 

honey bee colonies. The model is composed of three 

important elements: employed and unemployed 

foragers, and food sources. The employed and 
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unemployed foragers are the first two elements, 

while the third element is the rich food sources close 

to their hive. The two leading modes of behaviour 

are also described by the model. These behaviours 

are necessary for self -organization and collective 

intelligence: recruitment of forager bees to rich food 

sources, resulting in positive feedback and 

simultaneously, the abandonment of poor sources by 

foragers, which causes negative feedback. 

2) Artificial Bee Colony: Procedure 

The procedure of ABC could be described in the 

following seven steps: 

1. Initialization of ABC and Optimization Problem 

Parameters 

In general, optimization problem could be 

formulated as follows: 

Where 𝑓(𝑥) is the objective function to be 

minimized; 𝑥 is the set of decision variables {𝑥𝑖  |𝑖 =
 1, . . . , 𝑁}. 𝑋 is the possible range for each decision 

variable, where 𝑋 =  {𝑋1 , 𝑋2 , . . . , 𝑋𝑁 } and 𝑋𝑖  ∈
 (𝐿𝐵𝑖  , 𝑈𝐵𝑖  ) and 𝐿𝐵𝑖  and 𝑈𝐵𝑖  are the lower and 

upper bound values for the variable 𝑥𝑖 . N represents 

the number of decision variables and, 𝑔(𝑥) and ℎ(𝑥) 

are the inequality and equality constraints, 

correspondingly. 

Additionally, ABC consists of three control 

parameters: 

a) Population size (SN) is the number of food 

sources (or solutions) in the population. SN 

is equal to the number of employed bees or 

onlooker bees. 

b) Maximum Cycle Number (MCN) refers to 

the maximum number of generations. 

c) The limit is used to diversify the search, to 

determine the number of allowable 

generations for which each non-improved 

food source is to be abandoned. 

2. Initialization of the Food Source Memory (FSM) 

The Food Source Memory (FSM) is an augmented 

matrix of size 𝑆𝑁 × 𝑁 comprised in each row, a 

vector representing a food source as in equation 

(4.5). Note that the vectors in the FSM are sorted in 

ascending order, according to proximity cost 

function values. 

𝐹𝑆𝑀 =

[
 
 
 
 
𝑥1(1)

𝑥2(2)
.
.

𝑥𝑆𝑁(1)

𝑥1(1)

𝑥2(2)
.
.

𝑥𝑆𝑁(1)

.

..

.

.

𝑥1(1)

𝑥2(2)
.
.

𝑥𝑆𝑁(1)]
 
 
 
 

[
 
 
 
 
𝑓(𝑥1)

𝑓(𝑥2).
.

𝑓(𝑥𝑆𝑁)]
 
 
 
 

 

   (3) 

Generally, each vector is generated as follows: 

𝑥𝑗(𝑖) = 𝐿𝐵𝑖 + ( 𝑈𝐵𝑖 − 𝐿𝐵𝑖  ) × 𝑟 

∀𝑗∈ (1,2, . . , 𝑆𝑁), ∀𝑖∈ (1,2, . . , 𝑁) 

    (4) 

Note that 𝑟~(0,1) generates a uniform random 

number between 0 and 1. 

3. Assigning Employed Bees to the Food Sources 

In this step, each employee bee is assigned to its food 

source and in turn, a new one is generated from its 

neighbouring solution, using equation (5) as is 

shown algorithm 1: 

𝑥 ,(𝑖) = 𝑥𝑗(𝑖) ± 𝑟 (𝑥𝑗(𝑖) − 𝑥𝑘(𝑖)) 

∀𝑘 ∈ (1,2, . . , 𝑆𝑁)  𝑘 ≠ 𝑗𝑎𝑛𝑑 𝑟~(0,1) 

   (5) 

Algorithm 1: Employed Bee Phase 

1. 𝑓𝑜𝑟 𝑗 = 1,2, . . , 𝑆𝑁 𝑑𝑜 

2. 𝑓𝑜𝑟 𝑖 = 1,2, . . , 𝑆𝑁 𝑑𝑜  

3. 𝑥 ,(𝑖) = 𝑥𝑗(𝑖) ± 𝑟 (𝑥𝑗(𝑖) − 𝑥𝑘(𝑖))           

∀𝑘 ∈ (1,2, . . , 𝑆𝑁)  𝑘 ≠ 𝑗𝑎𝑛𝑑 𝑟~(0,1) 

4. 𝑒𝑛𝑑  

5. 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒 𝑓(𝑥𝑖) 

6. 𝑖𝑓 (𝑓 (𝑥 ,) ≤ 𝑓(𝑥𝑖)) 𝑡ℎ𝑒𝑛 

7. 𝑥𝑖 = 𝑥 , 

8. 𝑓(𝑥𝑖) = 𝑓 (𝑥 ,) 

9. 𝑒𝑛𝑑 𝑖𝑓 

10. 𝑒𝑛𝑑 𝑓𝑜𝑟 

4. Sending the Onlooker Bees  

The onlooker bee has the same number of food 

sources as the employed. It initially calculates the 

selection probability of each food source generated 

by the employed bee in the previous step. The fittest 

food source is selected by the onlooker, using 

Roulette Wheel selection mechanism. The process 

of selection at the onlooker phase works as follows: 

1. assign for each employed bee a selection 

probability 𝑝𝑗 as follows: 

𝑝𝑗 =
 𝑓(𝑥𝑗)

∑ 𝑓(𝑥𝑘)𝑆𝑁
𝑘=1

                      (6) 

2. The food source of the employed bee with 

the highest fitness is selected by the 

onlooker bee, based on its selection 

probability and adjusted as shown in the 

algorithm (2). 

In the algorithm, 𝑠𝑢𝑚_𝑝𝑟𝑜𝑏 is the accumulated 

probability of all the employed bees; where the 

𝑠𝑢𝑚_𝑝𝑟𝑜𝑏 of solution 𝑥𝑗; {𝑗 = 1,2, . . , 𝑆𝑁} is unity 

Algorithm 2: Onlooker Bee Phase 

1. 𝑓𝑜𝑟 𝑖 = 1,2, . . , 𝑆𝑁 𝑑𝑜 

2.      𝑟~(0,1) 

3.      𝑠𝑢𝑚_𝑝𝑟𝑜𝑏 = 0  
4.       𝑗 = 0 

5.    𝑤ℎ𝑖𝑙𝑒 (𝑠𝑢𝑚_𝑝𝑟𝑜𝑏 ≤ 𝑟) 𝑑𝑜 

6.        𝑠𝑢𝑚_𝑝𝑟𝑜𝑏 = 𝑠𝑢𝑚_𝑝𝑟𝑜𝑏 + 𝑝𝑗 

7.         𝑗 = 𝑗 + 1 

8.    𝑓𝑜𝑟 𝑖 = 1,2, . . , 𝑆𝑁 𝑑𝑜 
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9.       𝑥 ,(𝑖) = 𝑥𝑗(𝑖) ± 𝑟 (𝑥𝑗(𝑖) − 𝑥𝑗(𝑚))      ∀𝑚 ∈

(1,2, . . , 𝑆𝑁)   
10.   𝑒𝑛𝑑 𝑓𝑜𝑟 

11.    𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒 𝑓(𝑥𝑗) 

12. 𝑖𝑓 (𝑓 (𝑥 ,) ≤ 𝑓(𝑥𝑗))  𝑡ℎ𝑒𝑛 

13.      𝑥𝑗 =  𝑥 ,
𝑗 

14.          𝑓 (𝑥𝑗) ≤ 𝑓( 𝑥 ,
𝑗) 𝑡ℎ𝑒𝑛 

15.     𝑒𝑛𝑑 𝑖𝑓 

16.     𝑒𝑛𝑑 𝑓𝑜𝑟 

 

5. Sending the Scout to Search for Possible New 

Food Sources  

The scout bee carries out a random search to replace 

the abandoned food sources, using equation (4). The 

abundant food source is one that cannot be improved 

upon after a certain number of cycles, as determined 

by the limit parameter. Algorithm (3) describes the 

process of the scout bee; 

In algorithm (3), Scout is a vector of size (SN), 

which contain information related to the 

improvement in any of the food sources during 

search. 

Algorithm 3: Scout Bee Phase 

1.    𝑓𝑜𝑟 𝑖 = 1,2, . . , 𝑆𝑁 𝑑𝑜 

2.        𝑖𝑓   (𝑠𝑐𝑜𝑢𝑡(𝑖) = 𝑙𝑖𝑚𝑖𝑡)   𝑡ℎ𝑒𝑛 

3.        𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒   𝑥𝑗   𝑢𝑠𝑖𝑛𝑔 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛  (4) 

4.     𝑒𝑛𝑑 𝑖𝑓  
5.    𝑒𝑛𝑑 𝑓𝑜𝑟   

6. Memorizing the best Food Source  

This involves memorizing the fitness and position of 

the best food source, 𝑥𝑏𝑒𝑠𝑡 found so far in FSM. 

7. Stop Condition 

Steps 3 to 6 are repeated until a stop criterion is met. 

This is originally determined by the MCN value. 

 

III. SIMULATION AND RESULTS 

Simulation is carried out using MATLAB 2019a. 
 

 
Figure 2: Network lifetime comparison between LEACH and 

ABC-LEACH for 100 nodes and 5000 rounds 

The Figure 2 shows network lifetime comparison for 

LEACH and ABC-LEACH. Considering field 

dimensions in x and y directions to be 100 meters. 

The total numbers of nodes are assumed to be 100 

with 10% probability to become a cluster head. 

Initial energy of the energy model is 0.5. The 

performance is evaluated for 5000 iterations and it is 

noticeable that the proposed ABC-LEACH 

approach outperforms the LEACH protocol. 
 

 
Figure 3: Throughput comparison between LEACH and ABC-

LEACH for 100 nodes and 5000 rounds 

 

The Figure 3 shows network throughput comparison 

for LEACH and ABC-LEACH. Considering field 

dimensions in x and y directions to be 100 meters. 

The total numbers of nodes are assumed to be 100 

with 10% probability to become a cluster head. 

Initial energy of the energy model is 0.5. The 

performance is evaluated for 5000 iterations and it is 

noticeable that the proposed ABC-LEACH 

approach outperforms the LEACH protocol. 

 

IV. CONCLUSION 

Under the conclusion of this paper, several points 

were taken under consideration. For better 

understanding of our work that is evaluation of 

routing protocols for Wireless sensor network we 

have framed our work in two scenarios which 

consist of a simple WSN protocols, for now we have 

taken LEACH protocol in consideration and 

performed a comparative study by implementing 

various topologies. 

This research work proposes an energy management 

framework in Wireless Sensor Networks using 

Artificial Bee Colony optimized LEACH algorithm. 

It was found that the ABC-LEACH outperforms the 

LEACH on the basis of network lifetime and 

throughput. 
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