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Abstract- Now a day’s one of the most crucial issue 

for wireless sensor networks is the efficiency of the 

energy. To overcome this issue networks should be 

self healing, energy efficient and self organizing. 

During the time of communication various attempts 

are carried out in order to introduce energy 

awareness, because of this node clustering is used that 

help in reducing the direct transmission to the base 

station. As the base station is placed at a far distance 

from various nodes in the sensor field therefore every 

node dissipates different quantity of energy to send 

the data. The LEACH and PEGASIS are the 

protocols that can be used to give optimal solution for 

this problem but they do not provide optimal 

performance every time. In this paper we have 

proposed an efficient data gathering method that can 

also enhance the lifetime of network by optimizing the 

dissipation of energy in the node. In our desired 

scheme each and every node will only communicate 

with its closest neighbor only and that node will 

become the leader of the communication depending 

upon the residual energy it is carrying and its 

location. This will help to eliminate the unequal and 

uneven energy dissipation by the individual nodes of 

the network that will result in better and improved 

performance as compared to LEACH and PEGASIS. 

With the help of these results we can analyze the 

overall routing performance of the nodes that are 

located at a far distance from the base station.  
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1. INTRODUCTION 

 

In the 21
st
 century wireless sensor networks 

(WSNs) is considered as one of the most 

controlling technologies. All the essential 

information from the sensor field is collected 

by Wireless sensor networks that consist of 

sensor nodes that are randomly placed in a 

large area. The energy consuming operations 

such as reception, transmission and data 

collection, must be kept at a minimum as the 

sensor nodes have very limited energy 

resources. Moreover it is largly accepted that 

equalizing the energy loss among the nodes of 

the network is an important factor for 

extending the network lifetime. Each sensor 

node is provided with Omni- directional 

antenna and transmits power control and 

therefore can vary the area of its coverage. The 

communication requires remarkable amount of 

energy as compared to computations in the 

wireless sensor network. The energy 

utilization problem where nodes are randomly 

selected to combine to form small number of 

clusters and the cluster heads take turn in 

communicating to the base station during a 

data gathering cycle can be solved by the 

LEACH protocol. The PEGASIS is an 

improved protocol of LEACH in which chain 

of nodes are formed that uses round for 

transmitting the data to the base station. The 

WSN-routing basically uses multiple hop 

routing and it is not based upon the principle 

of correctness. The fundamental function of 

the wireless sensor network is to gather access 

and process the data and then transmit the 

processed data to the base station for the 

further analyses process. Presently there are 

various protocols and method that provide 

energy efficient communication and they are 

designed for specific application, topologies 

and queries. We have proposed a routing 

algorithm in this paper that is suitable to 

handle various widespread sensors that are 

located at a distance from base station. 

 

Sensor Networks: A sensor node comprises of 

4 fundamental components that are sensing 

unit, a processing unit, power unit and 

communication unit. The sensing unit is 

further sub divided into one more analogue-to- 

converters (ADCs) and sensor. The sensors 

will analyze and process the physical 

phenomenon and based on this will generate 
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the analog signals. The ADCs is used to 

convert the analog signals into digital 
Signals, which are then fed to the processing 
unit. The processing unit usually consists of a 
microcontroller or microprocessor with 
memory which provides intelligent control to 
the sensor node. The communication unit 
Consists of a short range radio unit for 
performing data transmission and reception 
over a radio channel. The power unit consists 
of a battery for supplying power to drive all 
other components in the system. 

 
Figure1: Sensor Node Architecture 

 
 

2. DATA AGGREGATION AND 

GATHERING IN WSN: 

In wireless sensor network (WSN) integrity, 

elimination of data redundancy, security issue, 

and data confidentiality are major 

requirements especially when the sensor 

network is located in an adverse environment. 

So the Data Aggregation technique helps to 

manage with these issues. The number of data 

packets transmitted and the data conflicts can 

be reduce by data aggregation, thus it increases 

the data accuracy and data collection 

efficiency through trading with the unessential 

data in-network.  A strategy is been used to 

avoid redundant data and to aggregate data 

route to conserve energy. So for wireless 

sensor network applications this data centric 

approach may be better suited. In this 

approach, contents of data packets in route are 

analyzed by nodes on the path to perform 

some stabilization or elimination process to 

ignore redundancy due to data generating from 

different sources. To know the feasibility of 

usage of data aggregation, the context in which 

these techniques are used need to be examined. 

The type and actions of the data flowing in the 

wireless sensor network from the sources may 

be considered. As all sources send completely 

different data so there is no data redundancy.    

  

Types of Data Gathering In WSNs  

  

 Direct Approach:  

In direct approach as the name says all the 

nodes are directly connected. Therefore all 

transmitting information nodes or all the nodes 

in the considered networks are directly 

connected to the base station (BS), as given in 

the figure below:  

 

 
Figure: 2 Direct Approach 

 

 Chain based approach 

 

In Chain Based Approach In Chain based 

Approach for the given sensor network all the 

nodes are connected in a chain format to each 

other, and after that the leader is selected on 

the basis of its distance from the base station, 

this means the nearest node to the base station 

will be assigned as head. 

 
 

 

Figure: 3 Chain Based Approach 

 

 Clustered Approach 
 

 In Cluster based approach, the given network 

is divided in various clusters. Fixed numbers 

of nodes are present in each cluster. Every 

cluster is directly connected to the base station 

and any one of the node is randomly selected 

as cluster-head (leader & CH). The main 

feature of the cluster-head is to collect useful 

information from the other nodes (CH). 
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Figure 4: Clustered Approach 

 

 

 
3. PROTOCOLS USED IN WSN 

NETWORKS 

 

A. LEACH 

  
LEACH stands for Low Energy Adaptive 
Clustering Hierarchy and as the name signify 
it is a protocol that is used to make adaptive, 
self organizing clusters and it also uses cluster-
heads randomize rotation so as to distribute the 
energy load between the sensor nodes in the 
network. LEACH depends upon two basic 
assumptions: (a) base station will be at a fixed 
point and located at a far distance from the 
sensor, and (b) each and every node in the 
network is supposed to be homogeneous and 
energy-constrained. The principal idea for 
using LEACH is to make clusters of the sensor 
nodes and these clusters will depend upon the 
receiving signal strength and to route the data 
to the base station it will use the local clusters 
heads as routers. The LEACH protocol is 
basically used to provide an optimal solution 
for the energy utilization problem in which 
nodes are selected randomly and then they are 
collaborated to form a small number of 
clusters and the cluster heads provides the 
transmission to the base station during a data 
gathering cycle. The main aim of LEACH is to 
give aggregation of data to sensor networks 
 
Along with energy efficient communication 
which will not probably deplete some nodes 
more than others.  
LEACH is a hierarchical based method that 
transfers most of the nodes to the cluster head 
and then cluster head compress and aggregate 
the data that will be forwarded to the base 
station.  Every node will run a stochastic 
algorithm at each round so as to check whether 
in this round it will become a cluster head or 
not.  

LEACH believes that each node is carrying 
radio powerful enough so as to reach the 
cluster head or nearest base station directly, 
but the fact that it uses its radio at full power 
all the time it resulted in wastage of the 
energy. Therefore the nodes that had become 
cluster heads cannot become cluster heads 
again for P rounds, where P is signifies the 
desired percentage for cluster heads. Therefore 
the probability for each node to become a 
cluster head in each round is 1/P.  And as the 
each round ends each node that has not 
become a cluster head yet choose the closest 
cluster head and joins that cluster. Then cluster 
head generates a schedule for each node in the 
cluster to transmit its respective data.   
LEACH also makes use of CDMA as a result 
of which cluster uses different set of CDMA 
codes that minimizes the interference between 
two clusters. 

 

B. PEGASIS 

  
PEGASIS is a protocol in which only one 
node is selected as a head node that will be 

used to send the data to base station. 
Advantage of this approach is that it will 
spread the energy load equally among the 
sensor nodes in the network. Initially we will 
locate the nodes in the play field randomly, 
and thereafter, ith node will be at a random 
location. The nodes are organized in such a 
way that they will make a chain, that can be 
easily accomplished by the sensor nodes by 
using a greedy algorithm which will start from 
any node. Alternatively, the base station can 

process this chain and can transmit it to every 
sensor node. We are using 100-node networks 
for our simulations along with the similar 
parameters. We have placed our BS at a far 
location from all other nodes. Like for a 50m x 
50m plot, our BS will be located at (25, 150) 
which means the BS located at a distance of 
100 m from the closest sensor node. For 
creating the chain, we will assume that all the 
nodes consist of global knowledge of the 
network and employ the greedy algorithm. We 

could have constructed a loop could have also 
be constructed but to make sure that all nodes 
have close neighbors it becomes difficult as 
this problem is similar to the travelling 
salesman problem.  
For the collection of the data in each round, 
every node will receive the data from its 
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neighbor, combines it with its own data and 
then transmit it to its neighbor in the chain.  
Nodes that will transmit to the BS will use the 
node number i mod N (where N signifies the 
number of nodes) to transmit to the BS in 
round i. Thus in each round the leader of the 
communication will be located at the random 
position in the chain, that is necessary for the  

nodes to die at the random location. The idea 
behind dying of the nodes at the random places 
is prevent the sensor nodes from failure. 
For a particular round we can use token 
passing approach that will be initiated by the 
leader that will start the transmission of the 
data from the end of the chain. As the token 
size is very small the cost will also be small. In 
Figure 5, the leader of the communication is 
node c2 and it will pass the token to the 
c0.then node c0 will pass its data to the c1. 
After that node c2 will receive the data from 
node c1, then it will transmit it to the node c4 
and then node c4 will pass it toward c2.  

Figure 5: Token passing approaches 

 

As the base station is located at the far 
distance from the nodes in the sensor field 
every node will dissipate different quantity of 
energy to transmit the data. The LEACH and 
PEGASIS protocols give us an optimal 
solution for this problem, but sometimes it 
does not provide optimal performance. In this 
paper we are proposing an efficient data 
gathering protocol so as to enhance the 
network lifetime by optimizing the 

dissipatation of energies in the nodes. In order 
to obtain our design objective we have applied 
particle swarm optimization (PSO) with 
Simulated Annealing (SA) that will form a 
Sub-optimal data gathering chain and also 
provide a method for choosing an efficient 
leader of the communicating to the base 
station. In our desired scheme every node 
communicates to its closest neighbor only and 
it will become leader based on its location and 
the residual energy it is carrying. As a result of 

which dissipation of uneven energies by the 
individual nodes will be eliminated and 
therefore it will result in better performance as 
compared to LEACH and PEGASIS. Various 
computer simulations have been done that 

shows significant improvement of 
performance over these schemes. 
 

4. ANALYSIS OF ENERGY 

EFFICIENT CLUSTRING 

ALGORITHM FOR DATA 

GATHERING IN WIRELESS 

SENSOR NETWORK 

 
The cluster formation algorithm is executed to 
make sure that the total number of cluster per 
round in np. The computation and 
communication energy models are used so as 
to analyze and estimate the dissipated energy 
by the nodes. Each CH will dissipates energy 
receiving signals from its respective  members, 
aggregation of the signals and transmission of 

the aggregated signal to the base station is 
represented using the mp model (εmp). Thus, 
in a single round total energy spent by a CH 
node is: 

ECH = E [Nv  | N=n] (lEelec + l EDA) + l Eelec  + l 

mpd
4 

(1) 

 
Where l represents the number of bits in each 
data message, d represent the average distance 
between the CH and a base station, EDA is 
assume to be the loss of data aggregation. As 
for each and every non-CH node, are allowed 
to transmit its data to the other CH only once 
during a round. The energy dissipation will 
follow the Friss fs model (εfs) as the distance 
to CH is small. Thus, the energy used in each 
non-CH node is: 

Enon-CH = lEelec + lεfsE
2
[Lv  | N=n]    (2) 

This make us capable to know the energy 
spent in cluster in each round as: 

        =   +          E [  ׀N=n]        (3) 

Let c represent the total energy spends in the 

system then: 

E [c׀N=n] = np        = 

NL [     (3-2p) +              +    (1-

p)  

mpd
4 to BsP]                                       (4)   

Removing the condition on N yields:    

Al [ [E (3-2p) +               +    (1-p) 

+ mpd
4 to BsP]         

      +                mpd
4 to BsP=0 (5) 
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     = ½ √
   

               
                       

         (6) 

 

5. TOTAL ENERGY SPENT VERSUS 

CLUSTERHEAD PROBABILITY  
 

 For Number of Nodes 1500:  
The graph 1 shows the variation of the total 
energy that is being spent by network for 
various CH probabilities along with number 
of nodes 1500. It is seen that the inverted bell 
shape curve is obtained. This curve implies 
that higher values of total energy are 
dissipated in the network where the CH 
probabilities are small.  

 As the probability of CH will increased More 
CH with smaller clusters are likely to be 
present. The overall energy dissipation goes 
higher even though average energy dissipated 
per cluster id diminished because more nodes 
are need to communicate with the BS with a 
higher transmission power. Therefore energy 
dissipated in the network is minimum as 
expected. 
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Graph 1 The variation of energy spent v/s 
cluster-head probability, when number of 

nodes (n) = 1500 
 

6. THE TOTAL ENERGY SPENDS 

AND THE NUMBER OF 

CLUSTER VERSUS THE SENSOR 

DENSITY  

 

 For Number of Nodes is 1500:  
We have fixed the CH probability so as to 

analyze the impact of sensor density in the 

network energy consumption. The total energy 

that is used for different sensor density is 

shown in graph 2, in which the number of 

nodes is 1500. 

As the wirelesses channels are supposed to be 
error free the energy values are optimistic. 
Nodes of the same region produce higher total 
energy usage when the node densities are 
maximized. 

 
 
 

Graph 2 Total energy spent when the 
numbers of nodes were taken to be 1500.  

 

 

7. ENERGY CONSUMPTION 

 
In this section we compared the energy that is 
being compared by the specific number of 
frames along with different head sizes. Figure 
6 shows graphs that show the energy 
consumed per node variation with respect to 
the number of clusters and network diameter. 
The x-axis represents the number of cluster 
and y-axis represent the energy consumed in 
one round, respectively. 

 
 
Figure 6: Energy consumed per round with 

respect to number of clusters. 

 

If the quantity of clusters is less than the 
optimum range required like if it is 10 than the 
sensor node will send the data to the distant 
cluster heads. On the other hand, if the 
quantity of clusters is more than optimum 
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range required, than the transmissions to the 
distant base station will be more. 
 

 
 

Figure 7: Energy consumed per round with 
respect to head-set size and network 

diameter. 
 

The output of reduced energy consumption, as 
shown in Figure 6 and Figure 7, shows that 
using a head-set of sensor nodes is more 
desirable than a single cluster head. Moreover, 
this scheme also gives more systematic and 
effective approach for reducing the energy 
consumption. In LEACH if we add the extra 
nodes then all the nodes will be treated alike 
and these extra nodes can also be used in 
collecting the sensor data. However, in our 
scheme the total number of the sensor nodes 
that using for collecting the data remains 
unchanged and wean adjust the number of 
control and management node.  
 

8. CONCLUSION 
 
As energy consumption is a major factor for 
the design of the sensor networks, we have 
proposed the LEACH (Low Energy Adaptive 
Clustering Hierarchy) which does not need 
location information as a priority. The main 
aim of using the LEACH is to minimize the 
total amount of energy that is being dissipated 
by using the non monitored rotating cluster 
heads.  
LEACH is also capable enough to control the 
diameter of a cluster based on the message 
LEACH can also calculate the approximate 
distance between the nodes and cluster heads 
using the message time stamp, that can also be 
used to produce a collision less transmission 
schedule. 
The analytical model of this algorithm has 
been derived that depends upon the results 
from stochastic geometry so as to calculate the 
realistic energy dissipation along with the 

network lifetime pattern. It was also 
demonstrated that there is an optimal 
probability that can easily be determined from 
the given expression and from pre-configured 
into the nodes, so as to obtain an overall 
energy efficient operation. It was also 
analyzed that there is a gradual decrease in the 
network life time when more number of nodes 
are deployed in the same region. 
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