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Abstract— In the development of wireless sensor networks (WSNs) applications, how to organize sensor nodes into a 
communication network and route the sensed data from sensor nodes to a remote sink is a particular challenging problem. 
This has enabled the designers to create autonomous sensors, which can be deployed randomly, without human supervision, 
for the purpose of sensing and communicating valuable data. Many energy-efficient routing protocols are designed for 
WSNs based on clustering structure. Clustering provides an effective method for prolonging the lifetime of a wireless sensor 
network. In this paper, we propose Maximized Network Lifetime with Adaptive Clustering (MNLAC), protocol which is an 
extension to the LEACH protocol. In this study, cluster setup depends on the remaining energy in the entire network. When 
the network energy goes below a predetermined threshold, then all the clusters become invalid and new clusters are created. 
Cluster-head selection is based on residual energy and distance to sink as parameter to become a cluster-head (CH). 
MATLAB was used to simulate. The simulation data suggests that the death rate of nodes of the improved protocol was 
lower than the traditional one. It is concluded that the improved LEACH protocol can balance network load and extend the 
life-cycle of network. 
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I. INTRODUCTION 
 
Rapid technological advances in Micro-Electro 
Mechanical Systems (MEMS) have led to the 
development of low-cost, low-power sensor nodes, 
each capable of sensing, processing, and 
communicating with neighboring nodes via wireless 
links. Large number of sensor nodes performs the 
operation of self-organization to form a network and 
communicate each other via a multi-hop path. 
 
A sensor node includes three major modules, namely, 
sensing, processing, and communication. The sensing 
module consists of a sensor and an ADC (Analog to 
Digital Convertor) which senses the environment. 
ADC converts the sensed analog data to digital form. 
The processing module composed of a small processor 
and memory, which aggregates the received data. The 
power unit consists of a battery which provides energy 
for sensing module and processing module [1]. 
A wireless sensor network (WSN) is a wireless 
network consisting of spatially distributed sensor 
nodes, each being capable of sensing/monitoring the 
environment, processing these sensed signals and 
communicating (transmitting and receiving) with 
other sensor nodes. Communication in a WSN 
between any two nodes that are out of one another’s 
transmission range is achieved through intermediate 
nodes, which relay messages to set up a 
communication channel between the two nodes. In 
many applications, the sensor nodes are left 
unattended to continuously report their measurements 
until they run out of energy (battery). 
Wireless sensor networks has many applications, such 
as surveillance in military, environmental monitoring, 

target tracking in hostile circumstances, and traffic 
monitoring. Wireless sensor network (WSN) 
technology is becoming popular day by day in 
different applications [1]. However, the sensor nodes 
are resource constraints such as limited power, slow 
processor and less memory. So, it is essential to 
improve the energy efficiency to enhance the quality 
of service. Energy consumption in WSN is of three 
types; aggregation, communication, and data 
processing. Major portion of energy is consumed in 
communication. Hence, to minimize the energy 
consumption in both network level and node level is 
the challenging factor for deployment of sensor node 
in wireless sensor networks. 
Network lifetime depends on the cluster-heads 
performance. In traditional methods, we find only 
static clustering or dynamic clustering. In static 
clustering approach, clusters are created once only and 
in dynamic clustering, clusters are formed in every 
round of communication. LEACH follows dynamic 
clustering approach. In dynamic clustering, the 
network bears a significant cost for network setup. We 
are trying to minimize the limitations in both the 
approaches by making a trade-off between network 
energy and cluster setup.   
 
To minimize the energy consumption in wireless 
sensor networks, various techniques have been 
proposed by the re-searchers. The sensor nodes are 
sensing data from the environment and transmit it to 
Base Station which may be located far from the sensor 
nodes. The sensor nodes send the aggregated data to 
the sink either in single-hop (directly) or multi-hop 
transmission. The energy is consumed in different 
levels when the communication takes place. The 
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energy required for transmission is more than the 
energy required for reception. The transmitters have 
the capacity to regulate their transmission power [3], 
[4]. In case of single hop transmission, the sensors 
send the data directly to the sink (base station). The 
nodes which are farther away from the base station 
need more energy than the nodes which are nearer to 
the base station. In this regard, clustering approach is 
used to reduce the energy consumption. 
 
In the clustering approach, a sensor node is selected as 
cluster-head. There are two approaches to get a 
cluster-head i.e. self elected or elected based on 
certain factors, such as threshold value, residual 
energy, distance to neighbour nodes, etc. Other nodes 
in the cluster send their data to the base station 
through the cluster-head. The cluster-head node 
aggregates all the data received along with its own 
data and transmits the aggregated data to the base 
station. So the energy consumed at individual node 
level is reduced. But the cluster head node will drain 
out its energy quickly, since it transmits data to a 
longer distance than other nodes. To avoid the quick 
depletion of energy, the cluster-head nodes are 
changed for each and every round in a specific 
fashion. So, cluster head selection plays an important 
role in minimization of energy consumption in 
wireless sensor networks. 
 
In this paper, we propose and evaluate an unequal 
clustering based routing, termed as MNLAC. The 
entire sensor network is divided into a number of 
regions. The regions nearer to the base station have 
greater area than the region far away from base 
station. In each region, we build a fixed number of 
clusters, expecting that the clusters closer to the base 
station, have more number of nodes than other clusters 
belonging to farther regions. For each cluster, a front 
leading cluster-head is selected based on the nodes 
remaining energy, location information. So, the 
energy consumption for each cluster can be balanced. 
Energy consumption for each cluster can be calculated 
as below: 
 
Total energy consumed in each cluster = Energy 
consumed in intra-cluster communication + 
Energy consumed by cluster-head. 
 
Thus, larger clusters have more energy consumption 
for intra-cluster communication and low energy 
consumption for cluster-head to base station 
communication. This is a trade-off between cluster 
size and distance to base station. 
 
The rest of the paper is organized as follows. Section 
II describes the background of MNLAC. In Section III 
architecture of MNLAC, and its network model are 
elaborated. Energy depletion and simulation results 
are analyzed in Section IV. Section V concludes the 
paper with suggestions for the future developments of 

the protocol. 
 
II. RELATED WORKS 
 
With respect to network topology, the routing 
protocols in WSN may be classified into two types 
such as flat routing, and clustered routing. In case of 
flat routing protocol, the status of all nodes is equal. It 
generates the route by local operations and 
information feedback among nodes. The typical flat 
routing algorithms are DD (Directed Diffusion) 
protocol [8], SAR (Sequential Assignment Routing) 
[9], SPIN (Sensor Protocols for Information via 
Negotiation) [10], Rumor Routing [11] and so on. 
Some of the challenges in flat routing are: absence of 
central control for resource utilization, self-
organization and design of optimal algorithm to 
coordinate among the sensors to work in a group etc 
[12]. 
 
In the clustering approach, the nodes are of two types, 
one is the head node that is CH and others are the 
members of the cluster. The responsibility of CH 
includes coordinating the work between the members, 
collection of information, data fusion, processing and 
inter-cluster communication for data transmission [2]. 
The application of conventional clustering to wireless 
sensor networks does not improve network lifetime 
since the conventional clustering scheme assumes the 
cluster heads to be fixed, and thus requires them to be 
high-energy nodes. To improve this deficiency, an 
adaptive clustering scheme called Low-Energy 
Adaptive Clustering Hierarchy (LEACH) is proposed 
in [6] that uses randomized rotation of cluster heads to 
distribute energy consumption over all nodes in the 
network. The operation of LEACH is organized in 
rounds where each round consists of a setup phase and 
a transmission phase. In the setup phase, each node 
generates a random number between 0 and 1. If this 
random number is smaller than the threshold value, 
T(n) , which is given by Equation 1, then the node 
becomes a CH for the current round. During each 
round, new CHs are elected and as a result balanced 
load energy is distributed among the CHs and other 
nodes of the network. 

 
Where p is the desired percentage of nodes that can 
become CHs, r is the current round and G is the set of 
nodes that have not served as cluster head in the past 
1/p rounds [6]. 
 
During data transmission phase, the self-elected 
cluster heads collect data from nodes within their 
respective clusters and apply data aggregation before 
forwarding to the base station. After a given round, a 
new set of nodes becomes cluster heads for the 
subsequent round. Furthermore, the duration of the 
transmission phase is set much larger than that of the 
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setup phase in order to make up the overhead occurred 
in cluster formation. Thus, LEACH provides a good 
model where localized algorithms and data 
aggregation can be performed within randomly self-
elected cluster heads, which help reduce information 
overload and provide a reliable set of data to the end 
user. It has been shown that LEACH provides 
significant energy savings and prolonged network 
lifetime over fixed clustering and other conventional 
schemes discussed above [6]. 
 
As long as optimal energy consumption is concerned, 
it is not desirable to select a cluster head node 
randomly and construct clusters. However, repeating 
round can improve the total energy dissipation and 
performance in the sensor network. There are some 
problems with the LEACH protocol. The major 
limitations with LEACH are: (1) the residual energy 
of a node is not considered for cluster formation, (2) 
the cluster-heads are randomly selected rotationally. 

 
III. PROPOSED SYSTEM 
 
Our proposed technique, Maximizing Network 
Lifetime with Adaptive Clustering (MNLAC) is an 
improvised model in comparison to LEACH protocol. 
Highlighted points in our proposed technique are 
given below: 
 

 Cluster setup depends on network energy 
 CH selection based on Distance to base 

station, Average distance to other nodes in the 
same cluster, and Residual energy level of the 
node 

 Data communication takes place in both 
single-hop and multi-hop mode.  

 
The objective of selection of such a clustering 
technique is to substantially reduce the energy 
consumption in intra-cluster communication and to 
balance the residual energy level and consequently to 
increase the network life proportionately. To achieve 
these objectives, the network model considered, the 
architecture of the protocol used and finally the 
algorithms to simulate the protocol are presented 
below. 
 
A. Network Model 

We have considered a WSN with the following 
properties:  
 
 All sensor nodes are immobile and 

homogeneous with a limited energy.  
 The nodes are equipped with power control 

capabilities to vary their transmission power. 
Low transmission power for intra-cluster 
communication.  

 Network adopts the continuous data flow 
model.  

 Base station is fixed and located far away 
from the sensor nodes.  

 Base station keeps the location information of 
all the sensor nodes deployed in the network.  

 Base station decides when to recreate the 
clusters depending on remaining network 
energy. 
 

B. Protocol Architecture 
MNLAC is a self-organizing, adaptive clustering 
scheme, where the classification of nodes to different 
clusters is done only at time of cluster setup. Clusters 
are created when network energy reaches to different 
threshold levels.  These threshold values are 
determined before any network operation. For an 
example, we can take this as 100%, 75%, 50% and 
25%. That is, when the remaining network energy 
reaches to these levels, the clusters need to be 
recreated. Initially, the network energy is 100%, so 
clusters are newly created. This network operation is 
depicted in the following Figure-1. 
 
The entire network operations consist of several 
cycles where each cycle is further divided into three 
phases such as setup, CH selection, and finally the 
steady state phase. Each of these three phases is 
described in the following subsections. 
 

1. Set-up Phase: This phase is responsible to form 
K number of clusters in the network. We apply K-
Means algorithm for this purpose. The sensor nodes 
send a JOIN-REQ message with <node_id; 
cluster_id> to BS, to confirm about their location.  
Cluster creation process is shown through a flowchart 
diagram in Figure 1. While transmitting the JOIN-
REQ messages to BS, all the sensor nodes use CSMA 
to prevent collision. Once all the nodes set their 
cluster-id, set-up phase is complete. 

 
2. CH Selection Phase: In this phase, CH for the 

current round is selected in each cluster. Once the 
clusters are formed, BS computes the average 
distance (i.e. AvgDist) of each node to others in every 
cluster. At the beginning of every round, nodes in 
each cluster send their Energy-remaining (i.e. Erem) 
data to the BS. Now BS computes CHfactor for every 
node considering nodes remaining energy, average 
distance to neighbouring nodes, and distance to BS. 
Then, BS declares the node with highest CHfactor as 
the cluster-head for that round. That is, for each 
cluster C, we have a node with maximum of Erem 
and minimum of (AvgDist+DistanceToBS) as the 
CH. The entire CH selection process is shown 
through a flowchart diagram in Figure 2. Now the BS 
broadcast the CH-id for every cluster =1, 2, 3, . . . , K. 
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Fig. 1: Cluster-Setup Phase 

 
3. Steady-State Phase: In this phase, nodes send 

their sensed data to corresponding CH during their 
pre-allocated fixed time slots. Thus, the time required 
for sending a frame depends upon the number of 
nodes in the cluster. In a cluster, radios of nodes are 
kept off until their allocated time slots reaches but 
radio of CH is always kept in ON mode to receive 
data from all the nodes.  
 

 
 Fig. 2: Steady State Phase 

IV. ENERGY DEPLETION ANALALYS AND 
SIMULATION RESULTS 
 
To assess the performance of MNLAC, we simulate 
LEACH and MNLAC using a network with 100 nodes 
randomly deployed between (x=0, y=0) and (x=100, 

y=100) and base station at (50,-25). Simulation 
parameters are listed in Table-1. Authors in [2] has 
revealed analytically that the number of clusters for 
above assumptions is optimized for 1 < K < 6. So for 
the rest of the experiment, we set K=4. 
 

TABLE I.  SIMULATION PARAMETERS 

 
 
Performance is measured by number of nodes that are 
alive, network energy consumption and total data 
messages successfully delivered. 
For our simulation, both the free space (d2 power loss) 
and the multi path fading (d4 power loss) channel 
models were used, depending on the distance between 
the transmitter and receiver. If the distance is less than 
a threshold (d0), the free space (fs) model is used; 
otherwise, the multi path (mp) model is used. Thus, to 
transmit an r-bit message with distance d, the radio 
expends as given below with the following equation: 
 

 
Fig. 3: Radio energy dissipation model [6] 

 
The electronics energy (Eelec) depends on factors 
such as the digital coding, modulation, filtering, and 
spreading of the signal, whereas the amplifier energy, 
Ɛfs*d2 or Ɛmp*d4, depends on the distance to the 
receiver and the acceptable bit-error rate. For the 
experiments described in this paper, the 
communication energy parameters are set as: 
Eelec=50nJ=bit, Ɛfs=10pJ/bit/m2, 
Ɛmp=0.0013pJ/bit/m4 and the energy for data 
aggregation is set as EDA=5nJ/bit/signal. As well, to 
receive an r-bit message, the radio expends: 

 
 

C. Analysis of Simulation Results 
A set of experiments is conducted to compare the 
performance of MNLAN with LEACH [6]. The 
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performance gains of MNLAC in comparison to 
LEACH are illustrated in Figure 4 to 7. It is evident 
from these figures that the lifetime of network is 
extended, and the network energy consumption is 
minimized. From Figure 4, it can be seen that in most 
of the rounds the number of nodes alive are greater in 
comparison to LEACH. Figure 5 shows the 
cumulative number of messages received at BS after 
each round. Figure 6 shows the remaining network 
energy in both LEACH and MNLAC. 
 

 
Fig. 4 Number of Nodes Alive per Round 

 

 
Fig. 5 Total Number of Messages at BS after each Round 

 

 
Fig. 6 Total Remaining Energy after each Round 

We have also simulated both the models for different 
node density i.e. with 150, 200, 250 nodes in the 
same network area. Figure 7 shows the average 
network lifetime of both the models. It is clear that 
the average network lifetime of MNLAC is around 

30% more than that of LEACH. 
 

 
Fig. 7 Average Network Lifetime 

 
CONCLUSION  
 
In this paper, we propose an energy efficient adaptive 
clustering technique with a front leading cluster head 
selection method, MNLAC that utilizes the services of 
high-energy base station to perform most energy-
intensive tasks. The proposed model uses a periodical 
clustering technique which overcomes the limitations 
of static clustering and dynamic clustering.  
By using the base station, the sensor nodes are 
relieved of performing cluster setup, cluster head 
selection, routing path formation. Performance of the 
proposed MNLAC protocol is assessed by simulation 
and compared to LEACH protocol. The simulation 
results show that MNLAC outperforms in energy 
saving by selecting energy efficient cluster heads, and 
performing balanced clustering. Therefore, it is 
concluded that MNLAC provides an energy efficient 
routing scheme suitable for a vast range of sensing 
applications.  
As a future work, sensor network can partitioned into 
a hierarchical clusters where low powered clusters 
will be at the lower levels to collect data from 
environment and other clusters engaged in relaying 
the network traffic can be taken as a next study in this 
context. 
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