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Abstract— In recent years, applications of wireless sensor networks cover a wide range of different 
fields as industrial, agriculture, military and many others. As the resources of nodes of wireless sensor 
network (WSNs) are limited, improvement of wireless sensor network routing protocols has become the 
destination of many researchers. Many researches try to solve problems of wireless sensor network, 
especially the life time problem, using meta-heuristic algorithms. This paper introduces an improved low-
energy adaptive clustering hierarchy (MLEACH). MLEACH suggests an equation for the selection of 
cluster heads based on the sine-cosine optimization algorithm. Simulation results show that MLEACH 
has improvements of network lifetime as well as its energy efficiency. 

Keyword - Wireless Sensor Network, Routing Protocols, LEACH, Threshold, Meta-heuristic and Sine-
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I. INTRODUCTION 

At present smart environment in industry, buildings, agriculture and transportation systems depends on 
Wireless Sensor Networks (WSNs) to collect data [1]. WSNs act may as infrastructures for usual networks; each 
consists of a group of smart nodes with limited energy and small capability of processing. Such nodes have two 
main functions. The first is sensing the physical parameters or variables that the network is established for 
according to its application such as temperature, light, earth vibrations and sound. The second function is 
gathering data, analyzing them and then sends such data to the base station that is responsible for taking 
decisions based on the information received. In the last two decades the field of optimization algorithms has 
noted significant developments[2, 3]. Many researches investigated the problem of wireless sensor routing 
protocols so as to decrease the energy consumption of routing information from nodes to the base station aiming 
to prolong the lifetime of the network. Heizelman developed  and  implemented  the  first  distributed  and  
clustered routing  protocol  with  low  energy  consumption called LEACH (Low Energy Adaptive Clustering 
Hierarchy) [4]. Then other improvements were introduced based on LEACH [5, 6]. This paper introduces an 
improvement to LEACH routing protocol based on a meta-heuristic approach. Optimization algorithms are 
discussed to find the optimal values for parameters of a given system. Optimization problems can be found in all 
research topics that make such algorithms very essential for researchers. 

II. RELATED WORK 

Xiangning and Yulin proposed an algorithm that improves the performance of LEACH routing protocol. The 
algorithm proposes a method for the choice of cluster heads, based on the energy of the nodes. Also the 
communication mode is changed from a single hob to a multiple hob one from a cluster head to the base station 
[7].   

Ali, Dey, and Biswas proposed an algorithm called ALEACH that improves the selection of cluster heads in 
LEACH. The algorithm selects the best node to be a cluster head based on the principle of distributing energy 
load among all the nodes [8]. 

Wang, Du and  Xu introduced a LEACH-TM algorithm that is  based on the principle of trust, they proposed  
a cluster-head adjusting procedure that  makes the cluster heads like routers having a multi-path between the 
cluster heads and the base station. This principles makes the performance of LEACH more efficient and 
increases the lifetime of the network [9]. 
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Xu, Jin and Lou proposed an algorithm called ELEACH. The way of selection of a cluster head in LEACH is 
random and the round time is fixed. The algorithm takes the remnant power of sensor nodes in to consideration 
so as to balance the network energy load and change the round time based on an optimal cluster size. This 
improvement of LEACH increases the lifetime of the network at least by 40% [10].  

Katiyar, Chand and  Gautam introduced an energy efficient clustering protocol (FZ-LEACH). its algorithm 
eliminates the problem of existence of very large and very small clusters at the same time. It solves the problem 
by using the concept of Far-Zone. Far-Zone is a group of sensor nodes in the network whose energies is less 
than a threshold value [11]. 

III. SINE-COSINE OPTIMIZATION ALGORITHM 

A sine-cosine algorithm is developed for solving the optimization problem. It depends on creating a number 
of random solutions and then using a mathematical model based on sine-cosine function to find the best solution 
for the problem. Several random and adaptive variables are integrated together in the sine-cosine algorithm so as 
to make sure of the exploration and exploitation of the search space during the search for the global solution.  
The sine-cosine algorithm performance is measured in three phases. The first phase is performed using well-
known test cases to test the exploration and exploitation, local optimum solution avoidance and convergence of 
the algorithm. The second phase uses some other metrics such that the search history, the average fitness of each 
solution and the best solution from the search space is obtained. Thirdly, the application of such algorithm has 
some difficulties to verify its performance in solving problems. The sine-cosine algorithm is described through 
the following steps 

I. Initialize a set of random solutions. 
Do 

II. Evaluate the fitness of each solution by appling the fitness function. 
III. Update the best solution. 
IV. Update r1,r2,r3,r4 that are random values between 0 and 1. 
V. Update the search agents using the following equations, 
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where t (iteration number) < maximum number of iterations 

VI. Return the best solution obtained by the algorithm. 

The above pseudo code shows that the algorithm starts with a set of random solutions. Then the algorithm 
saves the best solution after calculating the fitness functions. The algorithm then updates the random values and 
search agents. These steps are repeated until the maximum number of iteration is completed then it returns the 
best solution [12]. 

IV. LEACH ROUTING PROTOCOL 

The main techniques of LEACH routing protocol include algorithms for distributing cluster head formation, 
adaptive cluster formation, and algorithms for selecting cluster head positions. The algorithm of distributing 
cluster head formation ensures self-organization of the base station. The algorithm of selecting cluster head 
positions and cluster formation is used to ensure that the energy dissipated is fairly shared between all nodes to 
prolong the lifetime of the network [7]. 

1)  LEACH protocol Description:  LEACH routing protocol works on a round concept where many rounds are 
run. Each round consists of two basic steps. The first is a cluster setup step and the other is a steady-state step. 
The first step selects the cluster heads and the steady-state step sends data from sensor nodes to base stations. 
Figure (1) shows the flow chart of LEACH routing protocol and its steps. 

2)  In the setup state LEACH selects the cluster heads from network nodes. Selecting a cluster head is based on 
a probability concept such that the number of cluster heads K in each round is a specific one. In each round, 
each node generates a random value between 0 and 1 and this number is compared with a time-varying 
threshold T (n).The node is elected to be a cluster head if its generated number is below the threshold T (n). At a 
cluster round r the threshold T (n) is described by eqn. (2) as follows. 
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Where p is the desired percentage of cluster heads to be chosen in each round. The maximum number of cluster 
heads in each round is K. Where the number of rounds in LEACH is determined by N/K. where N is the number 
of nodes and K is the expected number of clusters in each round. G is the set of nodes that are not to be cluster 
heads in 1/p rounds, and r is the number of rounds. Once the cluster-head nodes are selected, the network starts 
the second step of the protocol i.e. the steady-state, step where data is sent from nodes to the base station using 
CSMA protocol [13]. The value of p is determined based on the area of the network and the number of nodes in 
it. 

V. THE PROPOSED ALGORITHM (MLEACH) 

3)  The MLEACH stands for Modified LEACH. The modification of LEACH is in the set-up step i.e. in the 
selection process of cluster heads. MLEACH selects cluster heads in each round based on the sine-cosine 
optimization algorithm. In each round as in LEACH a random number (Rn) between 0 and 1 is generated. Also 
in each round, another random number r2 is also generated between 0 and 1, where a threshold equation is 
determined based on the value of r2 as given by eqn. (3) where the modified equation for determining the 
threshold is as follows. 
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Where r1 is a random value between 0 and 1, e is the energy of the node and r is the number of rounds. If the 
generated number (Rn) by the node is less than the threshold value T(n) it will be a cluster head as the basic 
equation of LEACH does. The following figure (2) a and b showed the different ways for cluster head selection 
decision in each algorithm.. 

 
Fig (1)  Flow Chart of LEACH Routing Protocol 
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Fig (2a) Selection Cluster Head in LEACH 

 
Fig (2b) Selection Cluster Head in MLEACH 
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VIII. CONCLUSIONS 

This paper proposed a modification for LEACH routing protocol to select cluster heads in every round based 
on the equation of optimized sine-cosine algorithm. Selecting a cluster head doesn’t depend only on the 
probability of any node to be a cluster head but also on the energy of the node. Results show that the Modified 
LEACH (proposed algorithm) is more efficient than the normal LEACH in enlarging the lifetime of the network 
as a result of less consumption of energy. 
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