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Abstract— Wireless Sensor Networks (WSN) consisting of 

small number of sensor nodes. These sensor nodes are 

deployed in a region to sense the information. As the sensor 

nodes deployed in the same region sense similar information 

and sends it to sink node. This phenomenon leads to 

redundancy at sink node. Sink node wastes most of its 

energy in processing redundant packets. To save the energy 

of nodes processing data packets in order to prolong the 

network lifetime, there is a need to eliminate redundancy. 

Data aggregation is a process which eliminates redundant 

data packets in the network. The process in which 

intermediate node receives multiple input packets performs 

aggregation and produce single output packet in the network 

is called Data Aggregation. But redundancy sustains 

reliability. Therefore there is need to eliminate redundant 

packets to an adequate level so as to maintain reliability. In 

this paper we introduced one data aggregation technique 

which performs data aggregation at two different levels, at 

first level (at cluster head) we are using Locality Sensitive 

Hashing which will keep redundancy count for each node 

and node which has lesser count than threshold are chosen 

for aggregation, the result of this aggregation is passed to 

next level for aggregation (at storage node) and final 

aggregation result is given to base station. Also in this 

technique we provided session id based security mechanism 

to prevent false data from invalid node. This data 

aggregation technique will maintain tradeoff between energy 

efficiency and accuracy and will provide security from 

invalid nodes. 
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Introduction  

I. INTRODUCTION 

Wireless Sensor Networks (WSN) consists from large 
number of small sensor nodes. These nodes communicate 
with each other wirelessly within their radio range. Sensor 
nodes have limited battery power and therefore it has 
become necessary to reduce energy consumption at each 
sensor node to enhance the overall life time of wireless 
sensor network. This can be achieved by eliminating 
redundancy from WSN [1]. There are two types of 
redundancies temporal redundancy and spatial redundancy. 
Spatial redundancy means multiple sources obtaining 
information about one region. Spatial redundancy is based 
on placement of the sensor nodes in sensing region. In 
WSN spatial density is high. Temporal redundancy also 
called time redundancy can be defined as performing 
specific action more than once, to increase the readability. 
Both redundancies are useful to increase reliability and 
accuracy [3]. But sensor nodes waste their energy in 

processing redundant data therefore redundancy removal 
has become a solution for improving WSN’s life time. 
Data Aggregation is the technique which gathers and 
aggregate data in an energy efficient manner and reduces 
redundancy so that network lifetime is enhanced.  

Though redundancy removal improves the lifetime of 
the WSN, redundancy is important to get accurate results 
in WSN. So there is a need to keep the redundancy up to 
an adequate level. Also there is another issue in data 
aggregation process which is security, nodes may get 
compromised and will send inaccurate data which leads to 
inaccurate aggregation. In this paper we proposed one data 
aggregation technique which contains security mechanism 
to provide security from invalid nodes.  

WSN has wide range of application it can be used in 
agriculture, military, bio-diversity mapping, disaster relief 
operations etc. Our proposed model will also be useful to 
survey large geographical area. Consider an example, in 
agricultural field a farmer want to check that, is water 
supplied to all plants properly or not?  This can be 
achieved by dividing total area of field in 4 quadrants and 
then deploy many sensor nodes in it. Then form clusters of 
all sensor nodes. These sensor nodes will sense water level 
in each region, and send respective readings to CH. All 
cluster heads will send these readings to one level above 
node as in our model we call it as Storage Node and result 
from these nodes are combined at base station and then by 
converting it into human readable language it is transferred 
to monitoring station. In this way farmer can operate water 
supply to his farm by sitting at home.  

 The rest of the paper is organized as follows, Section 
II contains related work, problem statement is defined in 
section III, Network model and mathematical model are 
given in sections IV and V respectively. Section VI 
contains proposed model of our work. Section VII is 
information about simulation parameters and Expected 
performance behavior is shown in section VIII. Conclusion 
is given in section IX. 

II. RELATED WORK 

Patil [1] performed comparison of performance of WSN 
with data aggregation and performance without data 
aggregation. Ghasem [2] proposed an approach called 
Dynamic Balanced Spanning Tree Approach which is 
improvement over fixed spanning tree approach. In fixed 
spanning tree there was problem of “hotspots” which is 
eliminated here. This work results in minimum energy 
consumption and also it balances the traffic load. 
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Kulkarni [3] developed a new technique which makes 
use of Support Vector Machine (SVM) to eliminate 
redundant data and then used LSH algorithm to eliminate 
outliers who may send false data. In this way this 
technique not only reduces energy consumption but also 
eliminate false data. 

Dnyaneshwar Mantri, Neeli Rashmi Prasad, Ramjee 
Prasad [4] developed cluster based approach which works 
efficiently in heterogeneous environment. This approach 
reduces redundant transmission by performing intra cluster 
and inter cluster data aggregation which utilizes bandwidth 
efficiently and reduces energy consumption. 

Sumalatha Ramachandran, Aswin Kumar Gopi, 
Giridara Varma Elumalai, Murugesan Chellapa [5] 
proposed a novice cluster based approach which uses 
context aware system to validate data and then eliminate 
redundancy of validated data. This redundancy is removed 
using correlation coefficient technique. Basavaraj 
Mathapati, Siddaram Patil [6] have developed a technique 
which performs reliable and energy efficient data 
aggregation and its comparison with erdc [11]. 

III. PROBLEM STATEMENT 

WSN is consisting of sensor nodes which are tiny and 

have less battery power. If this battery power of a sensor 

node get completely exhausted then the node dies. 

Replacing the battery of sensor node or charging it again 

are not feasible solutions. So there is a need of some 

mechanism which will reduce the processing of sensor 

nodes and conserve its energy. 

    Data aggregation is a technique which takes number of 

data packets as input and produce one aggregated packet 

as output. Data aggregation is useful for energy 

conservation because in WSN sensor nodes deployed in 

some area senses the same information and forwards to 

the header node or intermediate nodes. These nodes waste 

their energy in processing the same packet frequently.  

     Data aggregation eliminates redundancy from WSN. 

But redundancy sustains accuracy. So there is a need to 

maintain the tradeoff between energy conservation and 

accuracy. In this paper we proposed a data aggregation 

approach which not only maintains the tradeoff between 

energy conservation and accuracy but also reduces the 

traffic load and provides security. 

IV. NETWORK MODEL 

 Entities of all components of our model are defined in 
this section. Figure:1 shows basic structure of network 
model. Let M be the network model which can be 
described as follows: 

 M= {N, C, CH, SN, BS} 
where: 
N: Number of sensor nodes  
C: Cluster of sensor nodes 
CH: Cluster Head 
SN: Storage Node 
BS: Base Station 
 
In our model geographical area is divided into regions 

and there are many sensor nodes deployed in each region. 
Some of which are static and some are mobile in nature. 
Geographical region contains many clusters (C). Each 

cluster has coordinator node called Cluster Head (CH). 
Each region contains Storage Node (SN) which combines 
the data coming from all CH’s and send it to BS. SN are 
static and have high initial energy. 

 

 
 

Figure 1: Network Model 

V.  MATHEMATICAL MODELLING 

Mathematical model is described in this section. 

A. N = { Set of all nodes present in the network} 

 N = { n1, n2, n3, ….}                                       

Set contains all sensor nodes from the network and 
many clusters are formed to manage these sensor nodes. 

B.   CH = Cluster Head 

        CH Є N 

CH is the Cluster head which monitors the functionality of 

cluster. 

C. SN ={ Set of all Storage nodes} 

SN = {x | x Є N ᴧ x ≠ CH} 

Storage Node is a node which has more initial energy 

and power. This node has storage capacity also. It is static 

node and it is unique in each region.  

 

D. Ei = Initial Energy of each node  

Energy consumed by node i, initially we have defined the 

amount of energy required for certain events example 

Send, Receive, Drop etc. According to this when 

particular event occurs that much energy is reduced from 

initial energy Ici.  

E. Ici= Energy Consumed by i th node 

= Initial Energy Ei – (Residual energy) 
 

F. P {Set of parameters} = { TCE,DL, PDR, AEC }  

1)   DL – Delay 

2)  PDR- Packet delivery ratio 

3) AEC– Average Energy Consumption 

4) TCE- Total Consumed Energy 
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G. Delay (DL) 
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H. Total Consumed Energy(TCE) 
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I. Average Energy Consumption(AEC)                  

             

AEC = /Nt          … (3) 

 

Average Energy Consumption is the total energy 

consumed by nodes in the network. Here we considered 

only Nt nodes from N (Nt < N) because that nodes are 

having redundancy count lesser than threshold (Th).  

VI. PROPOSED MODEL 

Proposed model shown in Figure:2 is described briefly in 

this section. In this model, total geographical area is 

divided into regions and many sensor nodes are deployed 

in it. Clusters are formed on each region, and CH is 

elected. Initially the node which is closer to SN is selected 

as CH. After one round the new CH is selected based 

upon residual energy. In this way we have dynamically 

distributed the role of CH due to which hotspot problem 

will get solved [2]. We performed data aggregation at two 

levels to eliminate redundancy. First level is data 

aggregation at cluster head; in this level first of all, each 

node creates its LSH code and send it to CH, as 

acknowledgement to CH’s hello packet. The CH 

maintains one table called match table as shown bellow. 

TABLE I.  MATCH TABLE  

Node ID LSH CODE 
Redundancy 

Count (RC) 

1 (1,10) 5 

2 (2,10) 7 

 

  This table I contains entries for all nodes in the cluster 

and with their LSH code and redundancy count for each 

LSH code. This LSH code is nothing but combination of 

node id and session id. When session starts each node 

when it has data, will send data to CH. So there is a 

chance that it will send same data packet more than once 

since its session is alive. CH maintains similarity count 

also called Redundancy Count(RC) of each data packet 

for particular node with in same session. Value of less 

redundancy count and value of highest redundancy count 

is used for calculating threshold for redundancy count. If 

node have RC value greater than threshold (Th) that node 

is not considered in aggregation process and we make it 

sleep. Only those nodes have RC value lesser or equal to 

threshold are considered in aggregation process. As we 

have considered only few nodes for aggregation, we can 

sustain reliability and considering few nodes for 

aggregation will save energy consumption also. This 

results in reducing average energy consumption of 

network. Now aggregation of data from eligible nodes is 

done and result of aggregation of a single cluster is sent to 

SN.  

    SN node is static node in each region with high 

processing power and capacity. We performed second 

level aggregation at SN. As all CH from same region will 

send data to SN, to save the time and processing power of 

BS we performed data aggregation at SN. Result of this 

aggregation is given to BS. 

  In this model along with energy conservation we are 

providing security mechanism based on Session ID of 

node. This security mechanism will perform validation of 

cluster nodes. Security mechanism is as follows: 

a) All the three types of nodes create their own 

session ID( Unique) 

b) Normal Sensor Nodes will send their ID’s to CH 

and CH will send its ID + ∑𝑎𝑙𝑙  𝑛𝑜𝑑𝑒𝑠 𝑆𝐼𝐷 to SN  

c) SN will add its own ID with CH data and will 

generate key for that cluster 

d) Key is distributed to all nodes in the cluster 

Nodes have to send with this key whenever it has data 

to send. CH matches this value with its key. If both 

matches data is accepted otherwise rejected. In this way 

we will allow only the nodes from the cluster to send data 

to cluster head. 

 

 

Figure 2 : Proposed Model  for Data Aggregation 
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VII. SIMULATION PARAMETER 

In this section we created a table which shows parameters 

and their values at the time of initialization. 

 

TABLE II.  SIMULATION PARAMETERS 

 

VIII. EXPECTED PERFORMANCE BEHAVIOUR  

With the help of mathematical model described in section 

V, we have done theoretical calculation for residual 

energy and based on that performance comparison of 

general aggregation technique with our aggregation 

technique is done. To do this we have done some 

assumptions like initial energy =5J, initial energy of SN= 

10J. Number of nodes = 100.  

For simplification of calculation we assumed energy 

required for send, receive etc. events is 1J and energy 

required for aggregation is 1J. According to this ordinary 

node will consume 1J energy and aggregator nodes will 

consume 2J. Following table shows amount of residual 

energy after each session (Round). 

TABLE III.  CALCULATION OF RESIDUAL ENERGY FOR 

GENERAL AGGREGATION TECHNIQUE 

 
Round 

Number 

Total 

number of 

nodes 

Total 

Energy 

Energy 

Consumed 

Residual 

Energy 

1 100 500 102 408 

2 100 408 102 306 

3 100 306 102 204 

4 100 204 102 102 

  

 

TABLE IV.  ALCULATION OF RESIDUAL ENERGY FOR 

OURAGGREGATION TECHNIQUE 

Round 

Number 

Total 

Number 

of 

Nodes 

Total 

Energy 

Nodes 

participated 

in 

aggregation 

Energy 

Consumed 

Residual 

Energy 

1 100 505 J 50 52 J 453 J 

2 100 453 J 60 62J 391 J 

3 100 391 J 40 42J 349 J 

4 100 349 J 70 72 J 277 J 

         

 

In Table III and Table IV we have residual energy after 

4th round is more in our technique. So from this we can 

conclude that our technique will reduce average energy 

consumption and will improve network lifetime. 

IX. CONCLUSION 

Data aggregation technique removes data redundancy 

from Wireless Sensor Networks (WSN) in order to 

enhance the lifetime of WSN. But in some situations 

redundancy provides accuracy in WSN. So there is a need 

of data aggregation technique which will make balance 

between accuracy and energy conservation.  

The proposed work gives an approach which performs 

data aggregation at two different levels along with that 

LSH is used to eliminate redundancy up to an adequate 

level. In this way, this technique maintains tradeoff 

between energy conservation and accuracy. This 

technique also performs validation of nodes present inside 

the cluster to avoid false data which will give more 

accurate aggregation results. 
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