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ABSTRACT 

This paper presents a new approach to clustering wireless sensor networks and determining cluster heads. Here we apply evolutionary algorithms 

in clustering. LEACH is one of the effective (basic) parameters in network life time based on energy consuming value protocol. In suggested 

optimized algorithm, through proper application of genetic operators, we search for efficient clustering based on each node’s energy consumption 

and distance. Innovation of our method is in proper representation of chromosomes and also in determining proper fitness function according to 

problem features based on energy measure. In this paper we propose a new fitness function based on total energy consumption of a node and 

distance between the BS and the particular node. The results are presented and compared with the results of the LEACH protocol. 
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1. INTRODUCTION 

Wireless sensor networks (WSNs) contain thousands of small and simple nodes that are distributed in the environment. Each self-

organized node collects data from the environment, exchanges these data with other nodes and sends the final information to the 

base station. By using such a configuration, sensor nodes in such WSNs have resource constraints like limited energy, low storage 

capacity and weak computing ability [1]. Furthermore, due to hazardous working environment, resources especially energy of 

sensor nodes, would not be recharged or replaced. 

WSN has many advantages, such as wide coverage, high precision monitoring, self organization, and so on. At present, it shows a 

great charm in military defense, medical transportation, environmental monitoring and other areas [2]. 

Therefore, an important issue in wireless sensor networks is designing new methods in network protocols that can use minimum 

power. One of the significant methods used in WSN routing is clustering method. In this method, nodes are first clustered and 

cluster centers are identified according to each node’s energy value and some other parameters. Then, as seen in Fig. 1, each node 

sends its information to the cluster head. Cluster head in turn send this information to the base station [3]. 

 
Figure 1: Cluster-based Hierarchical Model 
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There are many clustering algorithms in WSN. Most of them work based on node identifier, node communication and node weight. 

LEACH (Low-Energy Adaptive Clustering Hierarchy) is the best hierarchical routing protocols. Here we use LEACH protocol [4]. 

Genetic algorithm is a subset of population based search algorithms that through use of evolution operations in frequent iterations, 

can achieve optimal goal in most optimization problems. 

In this paper we apply Genetic algorithm in LEACH protocol to solve clustering problem. In section 2, a LEACH protocol is 

described. In section 3 after a brief introduction to evolutionary algorithm, we explain our proposed algorithm to clustering WSN. 

Section 4 is dedicated to simulation results. 

 

2. RELATED WORK 
2.1 LEACH Algorithm 

LEACH is a self-organized adaptive clustering protocol. This protocol randomly propagates energy between nodes. In this protocol 

nodes organize themselves in local clusters that communicate with a node called Cluster Head. The operation of LEACH is divided 

into two rounds: Setup phase and Steady phase [5]. 

In the set-up phase, clusters are formed and a CH is selected for each cluster. Cluster head is selected on the basis of a threshold 

value T (n). T (n) is given as follows:  

 

Where p is the probability of nodes being selected as cluster head node, r is no. of rounds passed and G is the set of nodes that have 

not been cluster- heads in last 1/p rounds. Nodes that are cluster-heads in round r shall not be selected in the next 1/p rounds. 

Once the cluster head is selected, all nodes join the corresponding cluster according to the broadcast signal intensity of the cluster 

head node. Then, the cluster set up phase of this round is completed. The steady phase is divided into frame, where nods send their 

data to the cluster head at most once per frame during their allocated transmission slot. 

2.2 Disadvantage of the LEACH protocol 

Although LEACH protocol prolongs the network lifetime, but it still has some problems. The LEACH protocol suffers from many 

drawbacks such as:  

1. CH selection is randomly, that does not take into account energy consumption.  

2. It can't cover a large area.  

3. CHs are not uniformly distributed; where CHs can be located at the edges of the cluster.  

4. The nodes with low remaining energy have the same priority to be a cluster head as the node with the high remaining 

energy. Therefore, those nodes with less remaining energy may be chosen as the cluster heads which will result that these 

may be die first. 

 

 

3. PROPOSED ALGORITHM 

Since we have a complex search space and optimization algorithm have shown proper results in solving problems with complex 

search space, we apply the Genetic Algorithm [6] to solve the current optimization problem.  

Genetic algorithm is a search heuristic search and optimization algorithms that mimics the process of natural evolution. GA 

proceeds by creating successive generations of better solutions by applying genetic operations [7]. The main advantage of genetic 

algorithms is that genetic algorithms improve the chance of reaching the global optimum and also help in avoiding local optima.  

In GAs [8], the parameters of the search space are encoded in the form of solutions (called chromosomes). A collection of such 

solutions is called a population. Initially, a random population is created, which represents different points in the search space. An 

objective and fitness function is associated with each solution that represents the degree of goodness of the solution. Solutions from 

one population are taken and used to form a new population; this is motivated by the possibility that the new population will be 
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better than the old one. Solutions are selected according to their fitness to form new solution, more suitable they are, more chances 

they have to reproduce. Biologically inspired operators like cross-over and mutation are applied on these solutions to yield a new 

generation of solutions. The process of selection, crossover and mutation continues for a fixed number of generations or till a 

termination condition is satisfied. This process is repeated for each of the P chromosomes in the population, where P is the size of 

the population. 

The Genetic algorithm consists of six factors, to use this algorithm we should determine each factor carefully and according to the 

problem. We describe each of these six factors below. 

 
Figure 2: Genetic Algorithm – program flow chart 

3.1 Initialization 

Genetic algorithm begins with a set of solutions (represented by chromosomes) called the population. Firstly, generate a random 

population of n chromosomes (i.e. suitable solution for the problem). The process of representing the solution in the form of a string 

is known as encoding. Each chromosome is a string of bits, 0& 1.  

Table 1: Representation of chromosome 

 

3.2 Fitness Function  

A fitness function quantifies the optimality of a solution (chromosome) so that the particular solution may be ranked against all the 

other solutions. A fitness value is assigned to each solution depending on how close it is to solving the problem. Greater the fitness 

value better the solution it contains. 

 

fitness= (a*energy consumption)+ (b*total Dist) 

• energyConsumption=(ecTXCHTOBS+enRXFROMNBTOCH+enTXFROMNBTOC)                         

� enRXFROMNBTOCH=enRXFROMNBTOCH+( ((Eelec+Eda)*bits) ) 

� enTXFROMNBTOCH=enTXFROMNBTOCH +((Eelec*bits) + (Emp*bits*(d*d))) 

� ecTXCHTOBS=ecTXCHTOBS+( ((Eelec+Eda)*bits) + (Emp*bits*(d*d)) ) 
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• totalDist=totalDist+d 

� d=distFromBS(ch(i)) 

3.3 Reproduction  

It is the process that determines which solutions are to be preserved and allowed to reproduce and which ones deserve to die out. 

Reproduction operators are also called selection operators. There are different selection procedures in GA depending on how the 

fitness values are used. The better the chromosomes are, the more chances to be selected they have. We choose Tournament and 

Elitism selection methods. 

3.4 Crossover 

It is the process in which two chromosomes (strings) combine their genetic material (bits) to produce a new offspring which 

possesses both their characteristics. One point cross-over is represented as: 

 

Figure 3: One point crossover 

3.5 Mutation 

It is the process by which a string is deliberately changed so as to maintain diversity in the population set. Mutation of a bit involves 

flipping it, changing 0 to 1 and vice versa. Mutation is generally applied at the gene level. In typical GA implementations, the 

mutation rate (probability of changing the properties of a gene) is very small, typically less than 1%. Mutation is represented as: 

 

 

                                                                     

                                                                  

Figure 4: mutation 

3.6 Termination 

In this implementation the processes of fitness computation, selection, crossover, and mutation are executed for a minimum number 

of iterations. The best string seen up to the last generation provides the solution to the clustering problem. We have implemented 

elitism at each generation by preserving the best string seen up to that generation in a location outside. A termination condition is 

reached when satisfactory solution has been achieved and there is no improvement in solution quality. 
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4 SIMULATION AND ANALYSIS 

The basic simulation parameters and simulation results are discussed in this section. For evaluating the performance of the proposed 

algorithm, the simulation results are acquired using Matlab. 

4.1 SIMULATION PARAMETERS 

The basic simulation parameters for our model are mentioned in Table 2. The experiment is carried out by using the same energy 

source whose initial energy is 0.5J. Every node transmits a k-bits data per round to its CH. 

The performance of genetic algorithm is greatly affected by a number of factors, such as the population size, mutation rate and 

crossover rate, and the method of replacement. Finally, the GA parameters used in our simulation are listed in Table 3. 

 

          Table 2: Parameters of Radio Communication Model                         Table 3: GA Simulation Parameters 

 

 

 

 

 

 

 

 

 

 

4.2 RESULTS AND ANALYSIS 

A hundred sensor nodes are arranged randomly in the field of 100*100 square meters. As shown in figure 5, the sink node is located 

at position (50, 50) and all the nodes are no longer mobile as long as they placed. 

In WSNs, there are a lot of parameters to evaluate a clustering algorithm. In this paper, the energy consumption of all nodes and no. 

of dead nodes are chosen to compare the performance of optimized LEACH (proposed algorithm) with LEACH (existing 

algorithm). Figure 6 describes the performance comparison of existing and proposed algorithm in term of energy consumption. 

Figure 7 describes relationship of the no. of dead nodes between existing and proposed algorithm. 

Parameter Description Value 

n No. of nodes 50 

k No. of bits 4,000 bits 

xy Sensing area 100*100 

bs Location of base 

station 

50,50 

Einit The initial energy of 

every node 

0.5J 

E elec Energy dissipation to 

run the radio 

50nJ/bit 

εfs Free space model of 

transmitter amplifier 

10pJ/bit/m2 

εmp Multi-path model of 

transmitter amplifier 

0.0013pJ/bit/m4 

Eda Data aggregation 

energy 

5nJ/bit/signal 

Parameter Value 

Maximum Rounds 1000 

Population size 10 

Selection type Tournament, elitism 

Tournament Size 4 

Crossover type One Point crossover 

Crossover rate 0.5 

Mutation rate 

 

0.015 
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                  Figure 5: Distribution of nodes in the network                      Figure 6: The relationship of energy b/w existing and proposed algorithm 

             

Figure 7: The relationship of dead nodes b/w existing and proposed                Figure 8: The relationship of energy consumption b/w existing and                 

Algorithm                                                                                                                    proposed algorithm 

5. CONCLUSTION & FUTURE WORK 

A major challenge in designing an efficient protocol for wireless sensor networks is maximizing network lifetime. Clustering has 

been considered one of the most viable methods for addressing the challenge of maximizing network lifetime. In this paper we 

proposed a genetic algorithm method for energy efficient data transfer in wireless sensor networks. Our protocol outperforms the 

LEACH algorithm. In this method, we modify the fitness function that provides the more efficient solution than the previous one. 

The method is very different from classical optimization algorithms. These algorithms are nevertheless extremely efficient, and are 

used in many fields. GAs is a powerful tool for global search. GAs is best for searching for new solutions and making use of 

solutions that have worked well in the past. In Future, more parameters can be included in fitness for making the algorithm more 

efficient. 
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