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Abstract 

 

Wireless sensor network (WSN) is still a developing technology with different aspects. It takes attention of many researchers 

because of its tremendous resources for internet and users. To be able to manage these resources, multiple protocols and algorithms 

are developed. Energy efficiency is one of the most important research areas of WSNs in the literature. A Wireless Sensor Network 

is the collection of large number of sensor nodes, which are technically or economically feasible and measure the ambient condition 

in the environment surrounding them. The difference between usual wireless networks and WSNs is that sensors are sensitive to 

energy consumption. Energy saving is the crucial issue in designing the wireless sensor networks. In this paper, a modified 

algorithm for Low Energy Adaptive Clustering Hierarchy (LEACH) protocol is proposed. The modified algorithm proposed is 

Enhanced Multihop LEACH protocol i.e. LEGAC (LEACH Genetic Ant Colony algorithm); using Genetic algorithm for head 

selection and Ant Colony algorithm for routing. The network performance depends on the changing energy consumption of the 

nodes and degree of connectivity of the nodes according to their distance from the base station. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

In recent times, we have seen an increase in the use of wireless sensor networks (WSNs) in many applications such as 

environmental monitoring, system control, tracking, security etc. In this scenario, small sensors are deployed and left unattended 

to continuously sense parameters such as temperature, chemical activity, pressure, lightening, humidity etc. All the reports 

transmitted by these sensors are collected by observers (e.g., base stations). The dense deployment and unattended nature of nodes 

in WSNs make it quite difficult to recharge batteries of the nodes [25, 35]. Therefore, energy efficiency is a major design goal in 

these types of networks. A wireless sensor network (WSN) is an architecture comprised   of   sensing   or    measuring,   

computational   and communication elements that gives an administrator the ability to observe and react to events in a particular 

environment. WSN is a very large array of diverse sensor nodes that are interconnected by a communication network. The data 

sensed by nodes are shared between the sensor nodes and are used as an input for a distributed estimation system. The basic 

objectives for WSN are reliability, accuracy, cost effectiveness, flexibility, and ease of deployment in complex environment. WSN 

is made up of individual multifunctional sensor nodes forming a network. Clustering is an important mechanism in large multi-

hop wireless sensor networks for obtaining scalability, reducing energy consumption and achieving better network performance 

[1, 3]. Most of the research in this area has focused on energy-efficient solutions, but has not thoroughly analyzed the network 

performance, e.g. in terms of data collection rate and time. It is evident that by organizing the sensor nodes in groups i.e., clusters 

of nodes, we can reap significant network performance gains. 

Clustering not only allows data aggregation but also limits data transmission primarily within the cluster thus reduces both the 

network traffic and the contention for the medium. The grouping of sensor nodes into clusters has been widely pursued by the 

researchers in order to achieve the objective of network scalability. To support data aggregation through efficient network 

organization, nodes can be divided into a number of small groups called clusters. [16] Each cluster in network has a coordinator 

which is referred to as a cluster head, and a number of member nodes.  The member nodes of the cluster report their data to the 

respective CHs. The CHs aggregate the data and send them to the central base through other cluster heads. Because cluster heads 

often transmit data over longer distances, they will lose more energy in comparison to member nodes. The network may be re 

clustered periodically in order to select energy abundant nodes to act as CH, thus to distribute the load uniformly on all the nodes. 

Besides achieving energy efficiency, clustering reduces channel contention and packet collisions which results in better network 

throughput under high load. [14, 20] Clustering in WSNs involves grouping nodes into clusters and selecting a CH such that the 

members of a cluster can communicate with their CH directly and a CH can forward the aggregated data to the central base station 

through other CHs. 

The rest of the paper is organized as follows. In section II, a summary of Ant Colony routing algorithm and Genetic algorithm 

for head selection is presented. In section III, a summary of the existing LEACH routing algorithms for WSNs are presented. In 

section IV, proposed work and analysis are presented. In section V, simulation and results are shown. In the last section, the 

conclusion with future work is given. 
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II. ANT COLONY ALGORITHM AND GENETIC ALGORITHM 

The algorithm used for routing is Ant Colony [6, 22]. The ant colony algorithm selects a search path randomly and doesn't need 

any prior information at first. The mechanism of ant colony algorithm generally includes three aspects: 

- Ants communicate with the pheromones of each other and the pheromones are the media here. When the companion selects 

the path, ants will choose path according to the path having maximum pheromone. 

Pheromone = 2/ (Time taken+ Hop count x Average time) 

- Ants can memorize the searched path and the path will not be selected in the next search, so the taboo list is created in the 

simulation of algorithm. 

- The activity of ant clustering, when the number of ants through any particular paths is less, the pheromone will evaporate in 

the path with time. When the number of ants through any particular path is more, then the number of the pheromones in that 

path will be more. So the information intensity will increase and the probability of choosing that path will increase and the 

intensity of the pheromone in that path will further be greater. So the phenomenon can be simulated to establish the route 

choice mechanism and make the search of the algorithm towards the optimal solution [23, 33]. 

 
Fig. 1: Ant Colony Algorithm 

The algorithm used for head selection is Genetic algorithm [18]. It is always a challenge to determine the number and place of 

cluster heads. The dynamic nature of matter, due to the frequent changes in cluster heads in each round of network’s activity, 

makes the matter more and more complex and as a result modeling is not possible through basic methods. While on the other hand, 

genetic algorithm is so flexible in problem solving of dynamic issues. Here, genetic algorithm is used to determine the place of 

cluster heads in a way that the minimum amount of energy should be used. Fitness criterion is based on the minimal energy 

consumption from network nodes in each round. In central base station, the number of nodes that have introduced themselves as 

cluster head candidates determines the chromosome’s length in genetic optimizing method and maximum energy is being provided 

to it. To calculate the fitness function of a node; weightage of all three parameters is to be taken as given in the following formula 

being used. 

Fitness function= 50% weightage of Energy + 30% weightage of Delay + 20% weightage of Routing overhead 

III. LEACH (LOW-ENERGY ADAPTIVE CLUSTERING HIERARCHY) PROTOCOL AND IMPROVED VERSION 

LEACH is low energy adaptive clustering hierarchy which was the first network protocol used for hierarchical routing to increase 

the life time of network in wireless sensor networks [2]. Every node in a network organizes itself into respective cluster where one 

out of all nodes is acting as coordinator or cluster head. Every non-cluster head member transmit its data to the cluster head, while 

the cluster head receive data from all the member nodes and perform signal processing functions on the data, called as data 

aggregation and transmit data to the remote central base station. This clearly states that energy consumed by cluster head is much 

more than a non cluster head node. Thus, when the battery of cluster-head node discharges completely, every single node that 

belongs to the cluster lose communication [4]. LEACH incorporates random selection of the cluster head having highest energy 

such that it randomly selects the node among the sensors in order to avoid draining the battery of any one particular sensor in the 

network. In this way, the load of energy associated with the cluster head is uniformly distributed among all the nodes. Since the 

cluster head node all details of the cluster member nodes, it tells each node exactly when to transmit its data by creating a TDMA 

schedule [19]. The functioning of LEACH protocol is divided into two rounds. The round one begins with a set-up phase when the 

clusters are organized and in second round, a steady-state phase where several frames of data are transferred from the nodes to the 

cluster head and then to the central base station. 

 
Fig. 2: Basic Cluster Structure 
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 Multi-hop LEACH 

Multihop-LEACH is another type of LEACH based protocol. The main constitution of Multihop-LEACH is quite similar to 

LEACH protocol [8].It is generally preferred when the cluster head and central base station become too far away from each other 

because of the ever increasing network covering area. The aim of this protocol is to protect the ever decreasing network 

performance to make it as stable as possible. The performance of network depends on the changing energy consumption of the 

nodes according to the distance nodes have from the base station. The random numbers are created by nodes selected as initiator 

and start the process of head advertisement in which nodes mutually broadcast ‘hello’ message to each other and cluster head is 

selected whose random number is more than threshold value. The data packet is sent from the cluster head over the most appropriate 

path to the base station indirectly with multiple hops and multiple central nodes. Here, the data packet travels over multiple nodes 

to reach its destination. 

 
Fig. 3: Multi-hop LEACH 

 LEGAC (LEACH Genetic ANT Colony Algorithm): 

The modified algorithm proposed is Enhanced Multihop LEACH protocol i.e. LEGAC; using Genetic algorithm for head selection 

and Ant Colony algorithm for routing. It is used to form most appropriate cluster and select a cluster head using Genetic algorithm 

which reduces average energy consumption by defining its fitness function Fitness Criterion is based on the minimal consumed 

energy from network nodes in each generation [18]. The cluster head collect that data and transmits it to base station. Then after 

data aggregation, data from the base station will be routed for transmission using multi-hop protocol and Ant Colony algorithm. 

The network performance depends on the changing energy consumption of the nodes according to their distance from the base 

station. Here, the data packet travels over multiple nodes to reach its destination. 

IV. PROPOSED WORK 

The objective of this section is to propose the improved clustering and routing technique that is used to form most appropriate 

clustering and selection of cluster heads, which reduces average energy consumption and enhance the network lifetime by 

balancing load of network among all active participant sensor nodes. Here we will compare the Multihop- LEACH protocol with 

the proposed scheme i.e. LEGAC (LEACH GENETIC ANT COLONY Algorithm). 

The following are the areas to work on 

- Selection of Cluster Head- Cluster head having high degree of connectivity must be optimized taking these parameters. 

Since the CH performs the function of data aggregation and in data routing it consumes more energy so the CH selected 

must be of highest energy. 

- Difference form base station- The CH must be located nearest to BS so that amount of energy used must be less. 

- Selection of routing- Since the data is being routed towards the base station but CH will use multiple hops so we intend 

to optimize data transmission using Ant Colony algorithm.  

The network parameters which are taken into consideration are 

- Routing overhead 

- Delay 

- Energy consumption 

Our simulations results will show that which of the above mentioned protocol is producing better results with these three network 

parameters and simulation parameters as shown in Table 1. 
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Table – 1 

Simulation Parameters 

Antenna Omni Directional 

Initial Energy 60 Joules 

Network Area 1100 * 1100 square meters 

Number of nodes 50 (including base station) 

Number of clusters 6 

Packet Size 64 bytes 

Propagation Two Ray Ground 

Channel Wireless 

Protocol used LEACH 

Protocol phases Set up and Steady phase 

Algorithm Ant Colony(routing) and Genetic Algorithm(head selection) 

Proposed Parameters Delay, Energy consumption , Routing overhead 

Simulator NS2 Version 2.35 

V. SIMULATION AND RESULTS 

NS2 is used to be able to quantify the network performance with Multihop-Leach Protocol and LEGAC. The network performance 

parameters such as delay, routing overhead and energy consumption is taken into consideration. Here, the explored network size 

is determined as 1100*1100 meters with 50 scattered sensor nodes each having initial energy of 60 joules. The loss monitor is used 

to activate the nodes and packets generated by the agent CBR is of 64 bytes each. The following graphs are representing the 

improved results with proposed algorithm i.e. LEGAC (LEACH Genetic Ant Colony algorithm).  

 
Fig. 4: Energy Consumption 
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Fig. 5: Routing Overhead 

 
Fig. 6: Delay 

Table - 6.1 

Numerical Values of Results 
Parameters Base Scheme (Multihop LEACH) Proposed Scheme (LEGAC) 

Energy (remaining) 540000 joules 570000 joules 

Delay (time taken) 125000 seconds 96000 seconds 

Routing Overhead 55000 overhead 36000 overhead 
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VI. CONCLUSION AND FUTURE WORK 

We have proposed an improved version of multi-hop LEACH i.e. LEGAC (LEACH Genetic Ant Colony algorithm); by organizing 

sensors into a hierarchy of clusters with an objective of minimizing the delay and total energy spent and better degree of 

connectivity in the system to communicate the information gathered by these sensors to the base station. Genetic algorithm is used 

for head selection by computing fitness function of each node and Ant colony algorithm select the best path for routing of packets 

form one node to another which ensures better network lifetime, minimal delay and stable degree of connectivity. The proposed 

strategy can be implemented and tested in an environment having mobility of base station to see how the mobility of the base 

station effect energy consumption and degree of connectivity in a wireless sensor network. Also we can take cyber attacks into 

account as security feature for authentication. 
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