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-----------------------------------------------------------------------ABSTRACT-------------------------------------------------------------- 
Sensor nodes can be used for continuous sensing, location sensing and event detection with the help of different types 
of sensors such as seismic, thermal, visual, infrared, magnetic, and many gaseous sensors. Sensor networks have wide 
range of applications including medical, military, home, etc. All these applications involve vigorous wireless 
communication protocol that is good in reduced energy utilization. A Low Energy Adaptive Clustering Hierarchy 
(LEACH) algorithm is a protocol designed to obtain energy efficient application specific data aggregation with good 
performance for the wireless sensor networks. LEACH is a cluster-based routing protocol in which each node has 
given equal probability to act as cluster head. In this paper, analysis has been done with LEACH protocol and 
modified LEACH protocols like LEACH-C, and DEEAC. Analyses show that with proper enhancement in the 
LEACH design, the transmission can enhance the energy efficiency and increase the life time of the sensor node.  
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I. INTRODUCTION 
he progression in wireless communications and 
electronics has emerged the expansion of low-cost 
sensor networks. Wireless sensor network is a collection 

of sensors which are interconnected by means of wireless 
communication channels. A sensor node in the wireless 
sensor network is a small device which is capable of 
collecting data from the surrounding regions [18]. With the 
collected data, simple computations are carried out and 
correspond with other sensor nodes and controlling 
authorities in the network. Sensor networks exploit large 
number of wireless sensor nodes to collect information from 
their sensing terrain. The gathered information will undergo 
in-network process and is send to the remote sink. The 
network consists of low-cost sensor nodes with limited 
battery power. The sensor nodes have to use the available 
energy source with limited computational capabilities. 

 
Now a day, the low cost sensor devices are capable of 
efficient computation and wireless communication. A 
network of wireless sensor nodes can be used to collect 
information from a variety of applications including military, 
environmental, medical, and scientific applications. The 
wireless sensor network is deployed with hundreds or 
thousands of wireless sensor nodes. The wireless sensor 
nodes are capable of self-organizing a network and the nodes 
will communicate with each other by the use of wireless 
interfaces. 

 

Every packet transmitted in the wireless sensor networks 
contains useful information, which can be utilized through 
packet-based computation and to enhance congestion 
control. The wireless sensor network packet computation has 
small packet forwarding rate and the forwarding computation 
capability is limited [14]. Most of the time the sensor nodes 
are modeled with limited energy, as a result the sensor nodes 
lacks recharging issues. 

 
Because of the inherent characteristics of wireless sensor 
network, the nature of routing is a challenging one. The 
wireless sensor network design will carry out data 
communication in order to prolong the node lifetime in the 
network. This is also used to prevent connectivity 
degradation by the use of employing aggressive energy 
management approaches.  The following are the routing 
design issues and routing challenges that affect the routing 
process in wireless sensor networks. 
 

•  Deterministic node deployment 
•  Energy consumption without losing accuracy 
•  Data reporting methods 
•  Node/Link heterogeneity 
•  Fault tolerance 
•  Scalability 
•  Network dynamics 
•  Transmission media 
•  Connectivity 
•  Coverage 
•  Data aggregation  
•  Quality of service 

T
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The routing protocols in wireless sensor networks can be 
categorized into the following three types based on the 
network structure, named; flat-based routing protocol, 
hierarchical-based routing protocol, and location-based 
routing protocol [4]. In flat-based routing protocol, all the 
nodes in the wireless sensor network is assigned with equal 
functionalities and the sensor nodes pool resources to 
perform the sensing assignment. In hierarchical-based 
routing or cluster-based routing protocol, the nodes in the 
wireless sensor network will have different roles in the 
network with scalability and efficient communication. In 
location-based routing protocol, the position of the sensor 
nodes is exploited based on the signal strength to route data 
in the wireless sensor network. 
 
Based on the route identification from the source to the 
destination, the routing protocols in wireless sensor 
networks are classified into three types, namely; proactive 
routing protocol, reactive routing protocol, and hybrid 
routing protocol. In proactive routing protocol, the routes 
are identified even before the route is actually needed. In 
reactive routing protocol, the routes are identified when 
needed. Hybrid routing protocol is the combination of the 
proactive and reactive routing protocols. 

 
Again, based on the routing operation, the routing protocols 
are classified into multipath-based routing protocol, query-
based routing protocol, negotiation-based routing protocol, 
QoS-based routing protocol, and coherent-based routing 
protocol. In multipath-based routing protocol, multiple paths 
are used to improve the network performance like fault 
tolerance, energy consumption, and reliability. In query-
based routing protocol, a query for data is propagated by the 
destination node. In QoS-based routing protocol, both data 
quality and energy consumption is given more importance. 
In coherent-based routing protocol, data aggregation in 
carried out with minimum data processing before 
forwarding.  

 
The rest of the paper is organized as follows. Section 2 
reviews about the related literature on wireless sensor 
networks and section 3 describes about diverse LEACH 
algorithms used in the wireless sensor networks. Section 4 
details the experimental setup and analysis the simulation 
results. Finally conclusion is given in section 5. 

II. RELATED WORK  
In this section, we review the prior work on the various 
routing algorithms implemented for the wireless sensor 
networks. Stephanie et al [9] proposed a near-optimal chain-
based protocol for minimizing energy named Power-
Efficient GAthering in Sensor Information Systems 
(PEGASIS). A node will communicate with its close 
neighbor, and turns transmitting to the base station to reduce 
the energy usage. The delay incurred in gathering sensed 
data is minimized by using Code Division Multiple Access 
(CDMA) capable sensor nodes, which will transmit data 
simultaneously with less interference.  By using CDMA 
capable sensor nodes, a chain-based method performs well 
for energy x delay. 

 
Jamal et al [4] reviewed a survey of state-of-the-art routing 
techniques and their design challenges in wireless sensor 
networks. The three routing techniques are flit-based, 
hierarchical-based, and location-based routing. Depending 
on the operation, the routing techniques can be classified 
into multipath-based, query-based, negotiation-based, 
Quality of Service (QoS)-based, and coherent-based. Also 
studied the design trade-offs between energy and 
communication overhead requirements in routing. 
 
Sung-Hwa et al [10] proposed a gateway-selection level for 
a home network, in which the sensors collect various home 
environment data. The sensor nodes are equipped with 
limited power capacity batteries and are essential to make 
the network be energy-efficient for maximizing the life time. 
The technique will increase the life time of the sensor 
network with the integrated gateway node. 
 
Xiaohua et al [16] proposed a cooperation protocol with low 
overhead and discussed its synchronization requirements 
among cooperating sensors. Energy effectiveness is analyzed 
as a tradeoff between the condensed transmission energy 
consumption, and with improved electronic and overhead 
energy utilization. Also, the efficiency of Space Time Block 
Code-encoded (STBC) cooperative transmission is studied 
using the wireless sensor network communication protocol, 
LEACH. 
 
Hayoung et al [3] presented a sensor routing method to 
afford energy-efficient data deliverance from sensor nodes to 
the home base-station. The home area is separated into 
sectors and locates a manager node into each sector. The 
manager node receives the collected data from the sensor 
nodes and delivers the data to the base station through the 
shortest path in the two dimensional system.  
 
Michele et al [6] presented an integrated MAC and routing 
technique for wireless sensor networks. In MAC layer, the 
channel is accessed by its own cost with properly defined 
cost-dependent access probabilities. Thus the forwarding 
decisions are done at the routing level and will decrease the 
number of in-range devices contending for the channel 
which in-turn reduces the interference. 
 
Yuh-Ren Tsai [19] proposed a coverage-preserving routing 
protocol modified from LEACH and virtual grid routing 
protocol. Design of routing protocols is independent with the 
sensing coverage, but various routing protocols have 
different sensing coverage when some nodes are no longer 
available. The proposed scheme can substantially improve 
the performance of sensing coverage.  
 
Sung-Hwa et al [11] described about home automation using 
a routing technique centered on a sensor network to set a 
flooding level. This technique divides the home into regions 
such as rooms and locates the wireless embedded nodes in 
each area. The wireless embedded nodes collect the data 
from sensors and deliver the data to the home base station. 
The system is analyzed with a wireless home network and 
obtained better performance. 
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Lianshan et al [5] investigated an improved energy efficient 
communication protocol for wireless sensor networks in the 
presence of distributed optical fiber sensor links located at 
the center of the wireless sensor network fields. The 
performance of the sensor network is simulated under 
different scenarios and observed that cluster based protocol 
exhibits good energy efficiency in the sensor network. 
 
Taewook et al [12] proposed a new method for selecting 
cluster heads and to evenly distribute cluster heads in 
cluster-based routing protocol named LEACH, which is used 
in wireless sensor networks. LEACH offers no guarantee 
about even distribution of cluster heads over the network. 
The method avoids creating redundant cluster heads within a 
small geographical range.  
 
Ge et al [2] proposed a fuzzy logic based LEACH, which 
takes battery level, distance and node density into 
consideration. The energy of nodes is the most important 
consideration among the wireless sensor networks because 
the lifetime of wireless sensor networks is limited by the 
energy of the nodes. The method has a fuzzification module, 
an inference engine and a defuzzification module. 
 
Abdul et al [1] analyzed the energy utilization and lifetime 
for cluster-based wireless sensor networks using LEACH 
protocol. Simulation induced unbalanced energy utilization 
between the sensor nodes and affects the network lifetime in 
the cluster-based wireless sensor networks. Moreover, 
suggested an adaptive and distributed clustering technique 
that increases the network lifetime by further balancing the 
energy utilization among sensor nodes. 
 
Padmanabhan et al [7] proposed a modified algorithm for 
LEACH protocol called Energy Efficient Adaptive Protocol 
(EEAP) for clustered wireless sensor networks to prolong 
the lifetime of the sensor networks by balancing the energy 
consumption of the nodes. The protocol makes the high 
residual energy node to become a cluster head. The elector 
nodes are used to collect the energy information of the 
nearest sensor nodes and select the cluster heads. 
 
XiaoHua et al [17] studied periodic query scheduling for 
data aggregation with minimum delay under various wireless 
interference models. Also, proposed an efficient and 
effective real-time scheduling protocol, which answer every 
job of each query task within a relative delay under resource 
constraints. This is done by addressing the tightly coupled 
tasks like routing, transmission plan constructions, node 
activity scheduling, and packet scheduling. 
 
Peng et al [8] proposed a novel sleep scheduling method to 
reduce the delay of alarm broadcasting from any sensor node 
in the wireless sensor networks. The method has two 
determined traffic paths for the transmission of alarm 
message, and level-by-level offset based wake-up pattern 
according to the paths. If critical event occurs, an alarm is 
transmitted to the center node quickly, and is broadcasted 
along another path without collision. 

III. DIVERSE LEACH ALGORITHMS FOR WIRELESS 
SENSOR NETWORKS 

This section describes about three protocols, LEACH, 
LEACH-C and DEEAC. These protocols represent a new 
paradigm for collecting the data from the environment and 
enable a reliable monitoring of a variety of applications that 
include surveillance, machine failure diagnosis, biomedical 
patient monitoring, and chemical/biological detection.  
 
3.1LEACH 
 
Low Energy Adaptive Clustering Hierarchy (LEACH) 
protocol is an architecture for microsensor networks that 
combines the concepts of energy-efficient cluster-based 
routing and media access together with application-specific 
data aggregation to achieve good performance in terms of 
system lifetime, latency, and application-perceived quality 
[15]. The data aggregation technique reduces the amount of 
data need to be transmitted from the cluster to the base 
station.  
 
The nodes in the network forms clusters by organizing 
themselves and one node act as a cluster head. Nodes other 
than the cluster head node send their data to the cluster head 
node. The cluster head node receives data from all the 
members of the respective cluster. The cluster head node 
performs data aggregation or process the data and transmits 
the information to the base station located remotely. 
 
If the energy level of the cluster head node is reduced then 
the cluster head node cannot act as the cluster head and all 
the nodes belonging to that cluster are not able to 
communicate the information to the base station. LEACH 
avoids this problem by rotating the cluster head to a node 
with high energy to avoid draining the battery level of 
wireless sensor node in the network. In this way an energetic 
cluster head node is chosen as a cluster head for the cluster 
in the wireless sensor network. 
 
The operation of LEACH protocol is split into two phases: 
set-up phase and the steady phase. In the set-up phase the 
entire wireless sensor node in the network chooses a random 
number between 0 and 1. Each wireless sensor node elects 
itself to be a cluster head in the beginning with a threshold 
value for node ‘n’, as T(n).  The threshold value is chosen 
such that the expected number of cluster head nodes for the 
current round is ‘K’. For a network with ‘N’ number of 
wireless sensor nodes, the expected number of cluster head 
is, 
 

 
E[#CH]  =

  
T(n) * 1 = K                    (1)

 
 
The threshold value T(n) is expressed as, 

 

T (n) =                            (2)  
where, ‘P’ is the percentage of wireless sensor nodes which 
are cluster-heads, and ‘r’ is the current round. After the 
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cluster head selection, the cluster head nodes will advertise 
their selection as cluster head to all the wireless sensor nodes 
by broadcasting an advertisement message (ADV) using a 
non-persistent Carrier-Sense Multiple Access (CSMA) MAC 
protocol. The advertisement message contains the node ID 
and a header to distinguish this message as an announcement 
message. All the other nodes which are not cluster head 
choose a nearest cluster-head when they receive 
advertisement message based on the received signal strength.  
 
The wireless sensor nodes are assigned with a TDMA 
schedule by the cluster head node. Then the steady phase 
exists for a long period to reduce the overhead created in the 
formation of cluster head. In the steady phase, data 
transmission is carried out based on the TDMA schedule. 
For the data transmission the cluster heads perform data 
aggregation and fusion through local computation. The base 
station receives only the aggregated data from the cluster 
heads. This process is repeated after a certain period of time, 
and cluster heads are selected again through the set-up 
phase.  
 
3.2. LEACH-C 
 
The LEACH protocol never gives importance about the 
placement and/or number of cluster head nodes in the 
network. So for a round the clustering setup may be poor 
and may affect the performance. To overcome this, a central 
control algorithm is introduced to form the clusters by 
dispersing the cluster head nodes throughout the network, 
and the algorithm is called LEACH-Centralized (LEACH-C) 
[15]. The operation of LEACH-C protocol is split into two 
phases: set-up phase and the steady phase.  
 
In the set-up phase, each node sends information about its 
current location using GPS and the energy level to the BS. 
The BS identifies the clusters and ensures that the energy 
load is evenly distributed among all the wireless sensor 
nodes. The BS calculates the mean of the wireless sensor 
node energy and rejects the nodes to act as cluster head 
which have energy value less than the mean value. From the 
wireless sensor nodes having energy value greater than the 
mean value, cluster heads are obtained using simulated 
annealing method. 
 
The algorithm minimizes the amount of energy required for 
the non-cluster head nodes to transmit the data to the cluster 
head. This is done by minimizing the total sum of squared 
distance between all the non-cluster head nodes and the 
nodes which are closer to the cluster head. After the 
formation of cluster head, the BS broadcasts a message to 
the cluster head and the message contains the cluster head 
ID for each node. The node identifies its TDMA slot for data 
transmission and goes to sleep state when ever data is not 
transmitted. The steady-phase mechanism of the LEACH-C 
algorithm is similar to that of LEACH algorithm. 
 
3.3. DEEAC 
 
 LEACH is the initial cluster based routing protocol for 
wireless sensor networks, which used a stochastic model for 

the selection of cluster head. LEACH-C uses a central 
control algorithm to obtain the clusters by dispersing the 
cluster head nodes throughout the wireless sensor network. 
Both LEACH and LEACH-C never adapts to the temporal 
variations in the data delivery by the wireless sensor 
network. Distributive Energy Efficient Adaptive Clustering 
(DEEAC) protocol provides a hybrid approach for data 
collection that adapts to the changes in the data delivery rate 
[13]. 
 
In a wireless sensor network high data generation rate may 
occur in some regions. This region is considered to be hot 
regions. The hotness value of a wireless sensor node 
indicates the data generation rate in that wireless sensor 
node relative to the network. DEEAC optimize the energy 
consumption of the network by ensuring the nodes belonging 
to the hot regions having a high probability of becoming a 
cluster head node. In this way the energy consumption is 
balanced over the wireless sensor network. 
 
To do this additional parameters are added with the LEACH 
protocol which includes the residual energy level of 
candidates relative to the network and the hotness value 
should be considered to optimize the process of cluster-head 
selection. The parameters under observation have different 
data generation rates over different periods of time. The 
threshold value calculation in the LEACH protocol is 
modified for the DEEAC protocol as given in equation 3. 
 

 T (n) = {m x   x Hotness factor                (3) 

 
where, ‘m’ is the optimal number of cluster-head nodes per 
round, ‘Eres’ is the residual energy of the node, and ‘Eest’ is 
the estimated residual energy of the wireless sensor network. 
The hotness factor for a wireless sensor node is the relative 
data generation rate to that of the network. 
 
During the set-up phase, each node in the wireless sensor 
network sends its residual energy to the cluster head along 
with the control message. At the end of the set-up phase the 
cluster head node has the aggregate energy of its cluster. In 
the steady phase when the cluster head node transmits data 
to the base station, the cluster head node also transmits the 
average residual energy of the cluster. 
 
The base station aggregates the residual energy values 
received from various cluster head nodes to estimate the 
residual energy of the whole wireless sensor network. This 
value is periodically updated to the nodes in the wireless 
sensor network. This approach is more energy efficient than 
that of the centralized approach (LEACH-C).    

IV. SIMULATION RESULTS 
Analysis of diverse sorting algorithms has been carried on an 
Intel Core 2 Duo CPU system with 2.10 GHz on a 32-bit 
Windows 7 Ultimate Operating System. The simulations are 
implemented with 100 wireless sensor nodes communicate 
via IEEE 802.11 MAC layer protocol model with a 
transmission range of 200 meters. The simulation 
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environment is implemented in the NS-2, a network 
simulator that provides support for simulating wireless 
networks. NS-2 is written using C++ language and uses the 
Object Oriented Tool Command Language (OTCL), which 
is an extension of the Tool Command Language (TCL).  
 
The simulations are carried out using a sensor environment 
nodes roaming over a simulation area of 1000 meters x 1000 
meters flat space operating for 600 seconds of simulation 
time. The network topology used in the simulation is a 
simple single-path routing model. Nodes in this simulation 
move according to the Random Way Point Mobility model 
[17], which is in random direction with speed ranges that 
vary from 0 m/s to 20 m/s and the buffer size is set to 100 
packets.  Extensive simulations were run to obtain the 
performance of the LEACH protocols and use four clusters 
for a 100 node network. The bandwidth of the channel is 
assumed to be 1 Mbps carrying a packet size of 500 bytes 
data message and 25 bytes packet header. 
 
Figure 1 shows the total number of data received at the base 
station over simulation time. LEACH has the least amount of 
data received at the base station compared with the modified 
protocols, LEACH-C and DEEAC. Thus LEACH-C and 
DEEAC deliver better data per unit energy and providing 
better efficiency than the LEACH protocol.   
 

 
 

Figure 1 Analysis of signals received at base station 
 
Figure 2 shows the analysis of total number of nodes that 
remain alive over the simulation time.  In LEACH, the 
delivery rate is good and has more or less same number of 
nodes alive compared with LEACH-C and DEEAC 
protocols during the simulations. Moreover, all these 
protocols need only one hop due to data aggregation with the 
cluster head providing longer lifetime. 
 

 

 
Figure 2 Analysis of nodes alive 

 
Table 1 shows a comparison of the above said three routing 
protocols for wireless sensor networks. Various LEACH 
protocol has been developed to overcome the drawbacks in 
the flat-architecture protocols that consume more energy 
[20]. LEACH uses a hierarchical structure, which divides the 
nodes into clusters. 
 

Table 1 Comparison of LEACH, LEACH-C, and DEEAC 
protocols 

 
 LEACH LEACH-C DEEAC 

Centralized 
Approach NO YES NO 

Distributed 
Approach YES NO YES 

Hotness-
based NO NO YES 

System 
Lifetime High Very High High 

Energy 
Efficiency Medium High Medium 

System 
Efficiency Medium High Very High 

Cluster 
Formation 

Self 
Organizing Centralized Centralized 

 

V. CONCLUSION 
In this paper, analysis has been carried out for the number of 
nodes alive and the signals received by the base station for 
the cluster based wireless sensor networks. Simulations are 
carried out for LEACH, LEACH-C and DEEAC using NS-2 
simulator with 100 nodes over a wireless environment for 
600 seconds. Analysis shows that DEEAC outperforms the 
LEACH protocols, because the distributed protocol evenly 
distributes the energy usage on all the nodes in the network 
by efficiently taking care of the network changes and 
delivers more data. Analysis can also be done with some 
more LEACH protocols like E-LEACH, M-LEACH, V-
LEACH, and O-LEACH. The work can also be contributed 
with new metrics for the routing protocols used in wireless 
sensor networks. 
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