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Abstract— Data aggregation is an effective technique in saving energy in WSNs. With the help of data aggregation we reduce the 
energy consumption by eliminating redundancy. The main goal of data aggregation is to gather and aggregate redundant data in an 
energy efficient manner, so that network lifetime is enhanced. Since it is the most challenging task. Location based aggregation 
ensures the minimum distance between two nodes while aggregation. In this paper we discuss data aggregation approaches based on 
routing protocols. Data aggregation framework on wireless sensor network is presented. 
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1. INTRODUCTION  
Wireless Sensor Networks (WSNs) is a class of wireless ad hoc networks in which sensor nodes collect, process, and 
Communicate data acquired from the physical environment to an external Base-Station (BS).[1] Wireless sensor network have 
various applications like habitat monitoring, building monitoring, health monitoring, military survival lance and target tracking. 
However wireless sensor network is a resource constraint if we talk about energy, computation, memory and limited 
communication capabilities. All sensor nodes in the wireless sensor network are interacting with each other or by intermediate 
sensor nodes. The main goal of data aggregation algorithms is to gather and aggregate data in an energy efficient manner so that 
network lifetime is enhanced. Wireless sensor networks (WSN) offer an increasingly attractive method of data gathering in 
distributed system architectures and dynamic access via wireless connectivity. Data aggregation mechanism is the process of 
collection of data coming from different neighboring sensor node and removing redundancy from data after that send those data 
to base station with appropriate routing mechanism due to which improve the overall performance of network and maximize 
lifetime of network. Data aggregation operation perform continuously due to which improves the bandwidth and 
energy utilization, it may negatively effect of other performance metrics such as delay, [2] fault-tolerance and 
accuracy, etc. The aim of data aggregation is that eliminates redundant data transmission and enhances the life time 
of energy in wireless sensor network.[3] 

 
                                                       Figure 1: Overview of data aggregation in WSN. 
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2. CLUSTERING  IN  WSN 
The process of grouping the sensor nodes in a densely deployed large-scale sensor network is known as clustering. The 
intelligent way to combine and Compress the data belonging to a single cluster is known as data aggregation in cluster based 
environment. There are some issues involved with the process of clustering in a wireless sensor network. First issue is, how 
many clusters should be formed that could optimize some performance parameter. Second could be how many nodes should be 
taken in to a single cluster. Third important issue is the selection procedure of cluster-head in a cluster. Another issue is that 
user can put some more powerful nodes, in terms of energy, in the network which can act as a cluster-head, another criteria is 
choose the cluster head which is having lower id among remaining nodes in a cluster and other simple node work as cluster-
member only. 

3. PROBLEM DEFINITION  
Data aggregation protocols aims at eliminating redundant data transmission and thus improve the lifetime of energy 

constrained wireless sensor network. In wireless sensor network, data transmission took place in multi-hop fashion where each 
node forwards its data to the neighbour node which is nearer to sink. Since closely placed nodes may sense same data, above 
approach cannot be considered as energy efficient. An improvement over the above approach would be clustering where each 
node sends data to cluster-head (CH) and then cluster-head perform aggregation on the received raw data and then send it to 
sink. Performing aggregation function over cluster-head still causes significant energy wastage. In case of homogeneous sensor 
network cluster-head will soon die out and again re-clustering has to be done which again cause energy consumption. 

 
4. DATA AGGREGATION: AN OVERVIEW  

 
Data aggregation is the combination of data from different sources, and can be implemented in a number of ways. Data 
aggregation is a process of aggregating the sensor data using aggregation approaches.[5]The general data aggregation algorithm 
works as shown in the below figure. The algorithm  uses the sensor data from the sensor node and then aggregates  the data by 
using some aggregation algorithms such as  centralized approach, LEACH(low energy adaptive clustering  
hierarchy),TAG(Tiny Aggregation) etc.[6] This aggregated data is transfer to the sink node by selecting the efficient path. 
 
 

 

Figure 2: General Architecture of data aggregation algorithm. 
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There are many types of aggregation techniques are present  

Some of them are listed below. 

A. Centralized Approach: 

This is an address centric approach where each node sends data to a central node via the shortest possible route using a multihop 
wireless protocol. The sensor nodes simply send the data packets to a leader, which is the powerful node. The leader aggregates 
the data which can be queried. Each intermediate node has to send the data packets addressed to leader from the child nodes. So 
a large number of messages have to be transmitted for a query in the best case equal to the sum of external path lengths for each 
node.  
 

 

 
 

Figure 3: Centralized architecture of wireless sensor network. 
 
 

B. Decentralized Approach: 

There is no single centralized node in decentralized architecture of wireless sensor nodes that makes decision based on behalf 
of all the sensor nodes. Data fusion occurs locally at each node on the basis of local observations and the information obtained 
from the neighbouring nodes.in which all the sensor nodes are connected to each other on the observations. 

 
Figure 4: Decentralized architecture of wireless sensor network. 

 
 

C. Cluster Based Approach:  
Wireless sensor network is a resource constraint that’s why sensor cannot directly transmit data to the base station. In which 

all regular sensor can send data packet   the cluster head. (Local Aggregator).[4] Which aggregate data packets from all the 
regular sensors in its cluster and send it to the base station. With the help of this we save the energy of the sensors .In energy 
constrained sensor network of large size, it is inefficient for sensors to transmit the data directly to the sink. Inefficient for 
sensors to transmit the data directly to the sink. In such scenarios, sensor can transmit data to a local aggregator or cluster head 
which aggregates data from the entire sensor in its cluster and then transmit data to the sink.[8]  
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Figure5: Cluster based architecture. 

D.  Tree Based Approach: 
In the tree-based approach perform aggregation by constructing an aggregation tree, which could be a minimum 

spanning tree, rooted at sink and source nodes are considered as leaves. Each node has a parent node to forward its data. Flow 
of data starts from leaves nodes up to the sink and therein the aggregation done by parent nodes.in which all nodes are 
organized in the form of tree means hierarchical, with the help of intermediate node we can perform data aggregation process 
and data transmit leaf node .one of the main aspect of tree- based network is the construction of an energy efficient data – 
aggregation tree.[9] 

 
 

Figure 6: Tree based architecture 

E. Grid Based Approach: 
[5]In which a set of sensors is assigned as data aggregator in fixed regions of the sensor networks. The sensors in a grid send 

the data packet directly to the aggregator of that grid. Hence, the sensors within a grid do not communicate with each other. In 
network aggregation is similar to grid- based data aggregation with two major differences; each sensor within a grid 
communicates with its neighboring node. Any node within a grid can assume the role of aggregator node in terms of rounds 
until the last node dies. This is similar to cluster- based data aggregation in which cluster heads are fixed.[9]  
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Figure 7: Grid based architecture. 
 

F.  In network aggregation: 

 
[10]In-network aggregation is the global process of gathering and routing information through a multi-hop network, 

processing data at intermediate nodes with the objective of reducing resource consumption (in particular energy), thereby 

increasing network lifetime. There are two approaches for in-network aggregation: 

1) With size reduction 

2) Without size reduction.  

With size reduction:   

In-network aggregation with size reduction refers to the process of combining and compressing the data packets received by a 

node from its neighbors in order to reduce the packet length to be transmitted or forwarded towards sink. 

Without size reduction: 

In-network aggregation without size reduction refers to the process merging data packets received from different neighbors in to 

a single data packet but without processing the   value of data. 

5. ADVANTAGE OF AGGREGATION 

Data aggregation offers several advantages: 
1. With the help of data aggregation process we can enhance the robustness and accuracy of information which is obtained 

by entire network.  
2. Data fusion processing is needed to reduce the redundant information. 
3. It reduces the traffic load and conserves energy of sensors.  

6. DISADVANTAGES OF DATA AGGREGATION  
Data aggregation process disadvantages also 
1. The cluster head means data fusion node sends fuse these data to the base station. This cluster head or fusion node may 

be attacked by malicious attacker. 
2. If a cluster head is compromised, then the base station (Sink) cannot be ensure the correctness of the fusion data that has 

been send to it.  
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7. CONCLUSIONS 
In this paper we presented a detailed review of various data aggregation techniques for wireless sensor networks. Data 

aggregation is one of the most important techniques for enhancing the lifetime of the network by achieving energy efficiency as 
it is main design aspects for wireless sensor network architecture. Several approaches are presented regarding suitable routing 
protocol. We also discuss the advantages and disadvantages of various performance measures of data aggregation.   
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