
International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 3, March 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 3, March 2013 Page 251 
 

 

ABSTRACT 
Networking together hundreds or thousands of cheap micro sensor nodes allows users to accurately monitor a remote 
environment by intelligently combining the data from the individual nodes. These wireless networks require robust routing 
protocols that are energy efficient and provide low latency. In LEACH protocol, time is divided into many rounds, in each 
round, all the nodes contend to be cluster head according to a predefined criterion. This paper focuses on how to set the time 
length of each round, to prolong the lifetime of the network and increase throughput, which is denoted as the amount of data 
packs sent to the sink node. Starting from the basic idea of classical LEACH (Low Energy Adaptive Clustering Hierarchy), in 
this paper we introduce some innovations in the algorithm giving origin to LEACH-K. LEACH-K presents a new strategy of 
cluster heads election and cluster formation. LEACH protocol is one of the clustering routing Protocols in wireless sensor 
networks. 
Keywords: Wireless Sensor Networks, Clustering, throughput, Network lifetime, Sensors. 

1. INTRODUCTION 
Microsensor network consist of many spatially distributed sensors, which are used to monitor various kinds of ambient 
conditions like temperature, humidity, etc and then transform them into electric signal. A sensor is equipped with a 
radio transceiver, a small microcontroller, and an energy source, usually a battery. Usually sensors are physically small 
and inexpensive. Small sensors are not as reliable as more expensive macrosensors, but small size and small cost of an 
individual sensor, allow production and deployment in large numbers. A wireless sensor network contains hundreds or 
thousands of these sensor devices that have ability to communicate either directly to the Base Station (BS) or among 
each other. The nodes in WSNs are usually battery operated sensing devices with limited energy resources and 
replacing or replenishing the batteries is usually not an option. Thus energy efficiency is one of the most important 
issues and designing power efficient protocols is critical for prolonging the lifetime. routing in WSNs is very 
challenging due to the specific characteristics that distinguish WSNs from other wireless networks such as wireless ad 
hoc networks or cellular networks. Many new algorithms have been proposed, taking into consideration the inherent 
features of WSNs along with the application and architecture requirements. Based on the network structure adopted, 
routing protocols for WSNs can be classified into flat network routing, hierarchical network routing, location-based 
network routing [3].In flat network routing, all nodes have the same functionality and they work together to perform 
sensing and routing tasks. The Sensor Protocols for Information via Negotiation (SPIN) [4] and Directed Diffusion [5] 
fall into this category. Hierarchical network routing divides the network into clusters to achieve energy-efficient, 
scalability and one of the famous hierarchical network routing protocol is low-energy adaptive clustering hierarchy 
(LEACH) [1]. In location-based network routing, location information of nodes is used to compute the routing path. 
This information can be obtained from global positioning system (GPS) devices attached to each sensor node. Examples 
of location-based network routing protocols include geography adaptive routing (GAF) [1] and Geographic and Energy-
Aware Routing (GEAR) [6]. Clustering network is efficient and scalable way to organize WSNs [1, 2]. A cluster head 
responsible for conveying any information gathered by the nodes in its cluster and may aggregate and compress the 
data before transmitting it to the sink. However, this added responsibility results in a higher rate of energy drain at the 
cluster heads. One of the most popular clustering mechanisms, LEACH, addresses this by probabilistically rotating the 
role of cluster head among all nodes. However, unless each node selects its probability of becoming a cluster head 
wisely, the performance of the network may be far from optimal. The main focus of this paper is modifying LEACH 
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clustering algorithm. This algorithm fully utilizes the location information of network nodes in routing to reduce the 
routing cost. 

2. RELATED WORK 
Low-Energy Adaptive Clustering Hierarchy (LEACH) [1] is a clustering based protocol to collect data from wireless 
network. In the network, hundreds and thousands of wireless sensors are dispersed that collects and transmit data. Also 
in these networks cluster heads are elected out of the sensors to transmit the data collected to base station. Also, with 
the each of the sensor nodes being inexpensive and simple, their power level is low cannot be replaced and because of 
this, each sensor must take its turn as being a cluster head to make the protocol energy efficient. After researching on 
LEACH, it was time to create a program to simulate the actual protocol. Just to get a feel of how LEACH operates the 
network created was very simple. Although the amount of sensor nodes and percentage of cluster heads were in small 
numbers, the total number of rounds varied. The program created started with just generating nodes for the network to 
simulating data transmitting and receiving, but it does not have any specific transmission range. Getting started was 
probably the easiest part of the program, simple generating some random numbers to be x and y coordinates. To get 
truly random numbers, simply using time as the seed value was obvious. Since each sensor node was to have an x and a 
y coordinate the idea of using a structure for this was used. The structure members consisted of the node identification 
number as well as the x and y coordinates. We are generating nodes by using the following sample program. 
 
Struct node 
{ 
int nodeID; 
float x, y; 
}; 
To get an ID number and set of coordinates for each of the one hundred sensor nodes, the 
use of a For loop was used. Also each node and its information were stored in an array of the 
structure. 
for(int i = 0; i < numOfNodes; i++) 
{ 
r_x = ((float) rand ()/RAND_MAX)*xMAX; 
r_y = ((float)rand()/RAND_MAX)*yMAX; 
nodeInfo[i].nodeID = i + 1; 
nodeInfo[i].x = r_x; 
nodeInfo[i].y = r_y; 
} 
Also, the coordinates are coded not to exceed the network area which is 100m x 100m. 

 
Fig 1. A graph view of the nodes randomly generated inside of the network with a range of 100m x 100m, using 

Microsoft Excel. 
 
SELECTION OF CLUSTER HEADS 
Creating clusters out of the nodes in the network with LEACH requires for a cluster head to be chosen. The cluster 
collects all of the data from its cluster and then compresses the data. The compress data is then sent to the base station 
and this will also be a high-energy transmission because of the distance of the base station. Each round a sensor node 
elects itself as a cluster head by selecting a random number to compare to the threshold value. The threshold T(n) is set 
as: T(n) = {P / 1 – P * (rmod1/P)} if n _ G, if not its 0. P is the desired percentage of cluster heads, r is the current 
round, and G is the set nodes that have not been cluster heads in the last 1/P rounds. Within the 1/P rounds, each node 
will have a chance to be the cluster head because of the threshold and after 1/P rounds each node has a chance to be a 
cluster head again. Getting to the cluster head coding, another member was added to the structure. This member was a 
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little character value to simulate that node has been used. Although the checker variable was included, it was an error 
in the program where a node would be selected as a cluster head again before the end of 1/P rounds. This error 
corrected by making the selecting code as a nested loop. 
While (cluster Count < numCHs) 
{ 
nodeCount = 0; 
while((clusterCount < numCHs) && nodeCount < (numOfNodes)) 
{ 
CHs[nodeCount].rNum = ((float)rand()/RAND_MAX); 
 
Clustering is the method by which sensor nodes in a network organize themselves into hierarchical structures. By doing 
this, sensor nodes can use the scarce network resources such as radio resource, battery power more efficiently. Within a 
particular cluster, data aggregation and fusion are performed at cluster- head to reduce the amount of data transmitting 
to the base station. Cluster formation is usually based on remaining energy of sensor nodes and sensor’s proximity to 
cluster-head [1]. Non cluster-head nodes choose their cluster-head right after deployment and transmit data to the 
cluster-head. The role of cluster-head is to forward these data and its own data to the base station after performing data 
aggregation and fusion. LEACH is one of the first hierarchical routing protocols for WSNs. The idea proposed in 
LEACH has inspired many other hierarchical routing protocols [9, 10]. 

3. LEACH PROTOCOL 
LEACH is an adaptive clustering routing protocol proposed by Wendi B. Heinzelman, et al. The implementation 
process of LEACH includes many rounds. Each round consists of the setup phase and the steady data transmission 
phase. In the set-up phase, the cluster head nodes are randomly elected from all the sensor nodes and several clusters 
are constructed dynamically. In the steady data transmission phase, member nodes in every cluster send data to their 
own cluster head, the cluster head compresses the data that received from member nodes and sends the compressed data 
to the sink node. LEACH protocol periodically elects the cluster head nodes and re-establishes the clusters according to 
a round time, which ensures energy dissipation of each node in the network is relatively evenly. The cluster head 
election algorithm in LEACH is as follows [4]. All the sensor nodes generate a random number between 0~1, and if it 
is less than a threshold T(n) , the sensor nodes will broadcast an announcement message to notify others that it is a 
cluster head. In each round, if a node has been elected as a cluster head, its T(n) is set to zero, so that the node will not 
be elected as a cluster head again.  T(n) can be expressed as: 
 

 
Where P is the percentage of the number of clusters in the network (usually P is 0.05 in [1] [5] [6]), r is the number of 
the election rounds, rmod (1/ P) is the number of nodes which have been elected as cluster heads in the round r, and G 
is the set of nodes that have not been elected as cluster heads in round r. After cluster head election, the cluster head 
broadcasts its identity message to non-cluster head nodes. The non-cluster head nodes send a join-REQ message to the 
nearest cluster head to join in the corresponding cluster. After the cluster head receives all the join-REQ information, it 
will produce a TDMA schedule, and notify all the member nodes in the cluster. After a member node receives the 
schedule, it sends data in its own time slots, and remains in the sleep state in other slots. After a frame time of data 
transmission, the cluster head runs the data compression algorithm to process the data and sends the results directly to 
the sink node [5]. LEACH protocol lets the data transmission phase last for a fixed period of time[5], then enter into a 
new round of cluster head election. The time length of round has obviously influence on the performance of LEACH 
protocol. In order to decrease the overhead of set-up phase, we hope to increase the time length of round, which 
increases the time for data transmission. However, prolonging the time length of round also increases the energy 
consumption of cluster head, which will causes some nodes die early and in turn shortens the lifetime of wireless sensor 
networks. So, regarding to configuration of time length of round, there is a tradeoff between lifetime and throughput. 
Our work has been inspired by a specific application: the monitoring of a big car-park in which sensors, distributed in 
the area, interact to communicate to an external receiver (mounted over a car) the better way to reach the closest free 
place. We assume that sensors are equipped with a limited energy battery. Abstracting from this application we 
consider a less specific one with NTOT = 100 sensors randomly distributed in a square area (side M = 100m) and an 
external receiver far away from the sensors’ area. This scenario has been used as reference and is shown in figure 2. 
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Fig. 2. Transmission system block diagram 

 
In this section we describe the radio propagation channel and the energy dissipation in the transmitter and in the 
receiver. In figure 2 we can see the scheme of the transceiver, composed of a transmitting and a receiving part. The 
block APPT is composed by a coder, a modulator and an up converter; consequently the block APPR is composed by a 
down-converter, a demodulator and a decoder. S and U are respectively the source of bits and the final user. E and R 
represent the emitter and receiver, respectively. The blocks AE, AR represent the attenuations due to the connections of 
transmitting and receiving antennas, respectively. Finally Gt and Gr denote the antennas’ gains and d denotes the 
distance between transmitter and receiver. 

4. LEACH-K: THE PROPOSED ALGORITHM 
The new algorithm we propose in this section, named LEACH-K, differs for some aspects and assumptions from 
LEACH-A [3], [4]. First of all we consider a decentralized algorithm of cluster formation, in which sensor nodes only 
know their own position and the position of the final receiver, and not the position of all sensors. Moreover we do not 
consider the aggregation process of data at cluster head because it is not useful for many applications (e.g. car-park). In 
this section we reanalyze the different phases of LEACH-A giving more emphasis to the innovations and advantages 
introduced by LEACH-K.LEACH-centralized (LEACH-C) [1] is similar to LEACH in operation except cluster 
formation. In LEACH-C, the cluster head selection is carried out at BS. During the setup phase, BS receives from other 
nodes information about their current locations and remaining energy levels. BS uses the remaining energy level to 
determine the candidate set for cluster head node. The average node energy is computed and the node has remaining 
energy falling below this value will be removed from the candidate set. Using the candidate set, BS finds clusters using 
the simulated annealing algorithm [11] to solve the NP-hard problem of finding k optimal clusters [12]. This algorithm 
attempts to minimize the total energy that noncluster head nodes use to transmit their data to cluster head nodes by 
minimizing the total sum of squared distance between nodes and their cluster head nodes. Once the cluster head nodes 
are determined, BS broadcast to all nodes the information including cluster head nodes, clusters member node and 
transmission schedule for each cluster. Nodes use this information to determine its TDMA slot for data transmission. 

5. REFERENCE ALGORITHMS 
Many algorithms have been proposed for ad hoc sensor networks. As reference we consider three of these algorithms: 
Multi-Hop (MH), Direct, and Classical LEACH or LEACHA [3], [4], [5]. These algorithms are briefly described in this 
section. First of all we have to explain how the time axis is considered in our analysis. We divide the time axis in 
rounds. Each round starts with the request of the final receiver to know the actual situation of the monitored 
environment. Upon reception of this request, all sensors in the network reveal the observed phenomenon and send their 
information packet at the external receiver. When all sensors have sent their message the round is closed. 
 
Multi-Hop 
In MH the observed area is divided into a fixed number of zones, as shown in figure 3 (four zones). For each round, the 
sensors of zone number 4 send their packet to a node in zone number 3, and so on until they reach a sensor in zone 
number 1. The sensors in zone 1, at last, send all packets received and their own packet to the final receiver. It is quite 
clear that these last sensors are very penalized, energetically speaking, because they have to transmit a large number of 
packets. Consequently in MH the first nodes to finish their energy are the closest ones to the final receiver. 
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Fig 3. Multi-Hop Model 

 Direct 
This model is very easy. For each round all sensors send their information packet directly to the final receiver. It is 
clear that in this case the farthest nodes have a larger energy dissipation because of their distance from the receiver. 
With Direct then the farthest nodes have the lowest battery duration 
 
 Optimum Number of Clusters 
As in [3], [4], the optimum number of clusters ˆN is chosen in order to minimize the total transmission energy; 
however, in this paper for each cluster head we consider also the energy dissipated to send the broadcast packet for 
giving notice to other nodes of its position and role. Furthermore, as we said before, all cluster heads have to retransmit 
towards the final receiver all packets they receive from the members of their cluster. We assumed that there are NTOT 
nodes distributed uniformly in a M £M region. If there are ˆN clusters, there are on average NTOT =ˆN nodes per 
cluster (one cluster head and (NTOT =ˆN ) ¡ 1 non-cluster head nodes). Each cluster head dissipates energy 
retransmitting packets of the other sensors to the final receiver, transmitting their own packet and transmitting the 
broadcast packet. Consequently, the energy dissipated by the cluster head at round ti is 

 
 
 
where dCH¡FR is the distance between the cluster head and the external receiver and dbroadcast is the distance 
between the cluster head and the farthest point of the observed area. We can notice that each sensor can determine its 
own optimum number of clusters. This value depends on the total number of sensors in the network, on the exponent of 
path-loss, on the dimension of the network and on the distance of broadcast packet. It no longer depends on the 
distance between the cluster head and the final receiver like instead was in LEACHA. 
 
 Cluster Head Selection Algorithm 
LEACH (A or B) forms clusters by using a distributed algorithm, where nodes make autonomous decisions without any 
centralized control. Our goal is to design a cluster formation algorithm such that there are, on average, a certain 
number of clusters, ˆN , during each round. In addition, if nodes begin with equal energy, our goal is to try to evenly 
distribute the energy load among all the nodes in the network so that there are no overly-utilized nodes that will run out 
of energy before the others. As being a cluster head node is much more energy intensive than being a non-cluster head 
node, this requires that each node takes its turn as cluster head. As explained in [3], [4], initially, when clusters are 
being created, each node decides whether or not to become a cluster-head for the current round. Ensuring that all nodes 
are cluster heads the same number of times requires each node to be a cluster head once in NTOT =ˆN rounds on 
average. We consider Cp(ti) the indicator function determining whether or not node p has been a cluster head in the 
most recent (r mod bNTOT =ˆN c ) rounds (i.e. Cp(ti) = 0, if node p has been a cluster head and one otherwise). r is a 
counter incremented at each round, when r reaches bNTOT =ˆN c¡1 is set to zero. The decision to become or not a 
cluster head is made by node p choosing a random number between 0 and 1. If the number is less than a threshold 
Tp(ti), the node becomes a cluster head for the current round. 
 
 Cluster Formation Algorithm 
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Each node that has elected itself cluster head for the current round, broadcasts a message of notification to the rest of 
the nodes. The non-cluster head nodes must keep their receivers on during this phase of set-up to hear the 
advertisements of all the cluster head nodes. After this phase is complete, each noncluster head node decides the cluster 
to which it will belong for this round. In LEACH-A the non-cluster head sensor elects its cluster head choosing the 
minimum energy path between the node and the different possible cluster heads. In LEACH-K we introduce a new 
strategy to form the cluster. Each node chooses its cluster head evaluating the energy dissipated in the complete path 
between itself and the final receiver, passing by the cluster head. This is possible because each node in the network 
knows its position and the position of the external receiver. 
 
 Data transmission and Multiple Access 
As assumed in [3], for each round a TDMA scheme is created by cluster heads to receive and retransmit the packets to 
the final receiver. The Multiple Access aspects, though fundamental, are not considered in this paper. 

6. CONCLUSION 
The LEACH is a well-known routing protocol for cluster based wireless sensor networks. This paper analyses the performance 
of LEACH-based wireless sensor networks in terms of lifetime and throughput. The reasonable number of frames in a LEACH 
round is deduced to prolong the lifetime and increase the throughput. In this paper we have proposed a new algorithm for 
sensor networks that minimizes global energy usage by distributing the load to all the nodes at different points in time. 
Our algorithm is based on classical LEACH but propose many important innovations and improvements. We have 
proposed a new adaptive strategy to choose cluster heads and to vary their election’s frequency considering the 
dissipated energy. We have proposed a new idea for cluster’s formation, which considers the total path energy 
dissipation between the node and the final receiver. 
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