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Abstract— WSN (Wireless Sensor Network) is collection of Low-cost, low-power, multi-functional sensor nodes that 
communicates untethered, having sensing, data processing and communication components for monitoring particular area. 
Such sensor nodes are densly deployed either inside physical phenomenon or very close to it. WSN can operate in areas 
where humans can’t even operate. Wireless sensor networks have a wide range of applications such as environmental 
applications, Health applications, Industrial applications, Military applications and so forth. Wireless sensors have limited 
range of sensing, computational storage and communication resources. We can say Sensor networks are resource-
constrained. Extensive use of computational and communication resources can potentially reduce the battery life of 
Wireless sensors. Lifetime of a WSN depends on Lifetime of Sensor nodes. Energy must be conserved for network lifetime 
maximization. Data aggregation process can conserve the energy of sensor nodes. Data gathered from neighboring sensors 
is often redundant and highly co-related. Data aggregation process combines the gathered data of multiple sensors and 
transmits this combined data to base station. Data Aggregation technique increases the lifetime of sensor network. 
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I. INTRODUCTION 
 

Wireless Sensor Network (WSN) is a collection of  large number of sensor nodes that are deployed in a particular region 
[see fig:1]. Wireless sensor network is a popular area for research nowadays, due to vast potential application of sensor 
networks in environmental, health, industrial and military applications. By networking tiny sensor nodes, it becomes 
easy to obtain the data about physical phenomena which was very much difficult with conventional ways. Wireless 
sensor network typically consist of tens to thousands of nodes. These nodes collect process and cooperatively pass this 
collected information to a central  location (Base Station). 
A sensor node is made up of four basic components as shown in Fig: 2 (1) Sensing unit (2) Processing unit, (3) 
Transceiver unit and  (4)  Power unit.  
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Fig. 1 Architecture of WSN [3]  
 

 

Fig. 2 Sensor Node Architecture [1] 

 
The main limitation of WSN is that it is resource-constrained. The Sensor nodes have limited computational storage and 
communication storage. Due to Extensive use of such resources sensor node will die early. Lifetime of sensor network 
depends on lifetime of Sensor nodes. Energy of individual nodes must be conserved for network lifetime maximization. 
Data aggregation can be utilized for energy conservation. 
The remaining part of the paper is organized as follows: In Section 2 we give a brief idea of data aggregation and it’s 
impact on WSN. Section 3 describes the various data aggregation approaches. Section 4 describes data aggregation 
protocols. In Section 5, we have mentioned our conclusions. 
 

II.  DATA  AGGREGATION 

A. What is Data Aggregation? 
Data Aggregation is defined as the process of aggregating the data from multiple sensors to eliminate redundant 
transmission and provide fused information to the base station [4]. Data aggregation usually involves the fusion of data 
from multiple sensors at intermediate nodes and transmission of the aggregated data to the base station (sink). 
Data Aggregate functions take multiple input values and calculate an aggregated value from them. MAX, MIN, AVG, 
COLLECT, DISTINCT are examples of aggregation function. MAX find the largest value in a numeric column. 
MIN find the smallest value in a numeric column. AVG calculates the average of a numeric column. COLLECT collects 
all the values into a list. It will ignore NULLs. All aggregation functions generally uses the DISTINCT modifier, which 
removes duplicates from the values. 

B. Why to use Data Aggregation? 
As sensor network is utilized for monitoring certain phenomenon, Sensor nodes may generate significant redundant data. 
So, Similar packets from multiple nodes can be aggregated to reduce the number of transmissions. Due to this minimum 
use of battery and resources occur at each node in WSN and it’s lifetime is prolonged. As lifetime of nodes is prolonged, 
lifetime of wireless sensor network is also prolonged. 

C. Impact of Data Aggregation on WSN 
Figure 3 contains two models. One is DA model and other is Non-DA model in which sensor nodes 1, 2, 3, 4, 5, 6 are 
regular nodes that collecting data packet and reporting them back to the upper nodes where sensor nodes 7, 8 are 
aggregators that perform sensing and aggregating at the same time. In this aggregation model, 3 data packet travelled 
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within the network and only one data packet is transmitted to the base station (sink). In non-DA model 3 data packet 
travelled within the network and all data packets are sent to the base station(sink) 

 
Fig. 3 DA model vs. Non-DA model [3] 

Advantages[3]:- With the help of data aggregation process we can enhance the robustness and accuracy of information 
which is obtained by entire network, certain redundancy exists in the data collected from sensor nodes thus data 
aggregation  process  is needed to reduce the redundant information.  
The main advantage is that it reduces the traffic load and conserve energy of the sensors.  
In Data aggregation process the data packet coming from the different sources are combined into smaller data packet. 
With the help of this process we can save the energy in the network. 
Disadvantage due to data aggregation is that, we have to compromise with Data Freshness and Latency. For some real 
time applications like enemy tracking on-time and fresh data is required. For such applications, we can’t use data 
aggregation.  

D. Performace Measures of Data Aggregation [3][4] 
Performance measures of data aggregation are network lifetime, energy efficiency, data accuracy, latency.  

1. Network Lifetime is defined as the number of data aggregation rounds till a% of sensors die where ‘a’ is specified by the 
system designer.  

2. Data aggregation scheme is energy efficient if it maximizes the functionality of the network. By the data-aggregation 
scheme, we can increase the functionality of the wireless sensor network. 

3. Data accuracy: It is a evaluate of ratio of total number of reading received at the base station (sink) to the total number of 
generated. 

4. Latency can be measured as the time delay between the data packets received at the sink and the data generated at the 
source nodes . 

 

III.  DATA  AGGREGATION APPROCHES IN WSN 
As proposed in [2][3][4], Following are different approaches to perform Data Aggregation in Wireless Sensor Network. 

 
1. Tree based data aggregation approach: 

Figure 4 shows Tree based DA approach , data aggregation is performed by constructing aggregation tree which could be 
minimum spanning tree where Sensor Nodes act as the Leaf nodes and the Sink Node act as Root node. The flow of data 
takes place from the leaf node to the parent node. Aggregation is done at Root node. Tree-based approach will not work 
in case of link failure. 
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Fig. 4 Tree-based DA approach [4]                   

2. Multipath data aggregation approach: 
Figure 5 describes multipath data aggregation approach every nodes can send the data packets to its neighboring nodes. 
Data aggregation is performed in every intermediate node between sources to sink. In the presence of link or node 
failures, Multi path data aggregation approach will discover alternative paths, to ensure data delivery. 

                            
Fig. 5 Multipath-Based DA [4]                   

    
3. Cluster based data aggregation approach 

Cluster based data aggregation approach is widely used in WSN. In cluster based approach the whole network is divided 
in to several clusters. The sensor nodes themselves form a cluster and elect a node as cluster head. The data sensed by the 
sensor nodes are passed to the cluster head and in the cluster head data aggregation is performed. Cluster head performs 
data aggregation and forward the data to the sink. Figure 6 shows the Cluster based Data Aggregation Approach. 

                            
          Fig. 6 Cluster-based DA Approach [9]                            

4. Hybrid data aggregation approach 
Hybrid Approach is combination of above three approaches. Figure 7 describes Hybrid approach is a combination of all 
the three approaches: tree based approach, multipath approach and cluster based approach. 
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Fig. 7 Hybrid data aggregation scheme [4] 
                       

5. Centralized data aggregation approach 
Figure 8 shows that Centralized data aggregation approach is an address centric aggregation approach where each sensor 
nodes sends the sensed data to the central node or cluster head using the shortest path. 

 

 
             Fig. 8 Centralized Data Aggregation Scheme 

 
     

6. In-Network data Aggregation approach: 
Figure 9 shows that rather than sending individual data items from sensors to sinks, multiple data items are aggregated as 
they are forwarded by the sensor network. here, intermediate nodes are performing data aggregation process. 
 
 

 
.      Figure 9  In-network Data Aggregation [4] 

                 

IV.  DATA  AGGREGATION PROTOCOLS IN WSN 
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Data aggregation is mainly performed in Flat and Hierarchical routing protocol. Following sub-sections describes these 
routing protocols. 
 

a) Flat or Data-centric Routing Protocols [5][6] 

.  In data-centric routing, the sink sends queries to certain regions and waits for data from the sensors located in the 

selected regions. Since data is being requested through queries, attribute-based namingnecessary to specify the properties 
of data. 

 
Following are the data-centric routing protocols: 
 

• Flooding and Gossiping, SPIN, Directed Diffusion, Rumor Routing, CADR, COUGAR, ACQUIRE routing protocols 
belongs to family of Flat or Data-centric routing.  
 

• In flooding, each sensor receiving a data packet broadcasts it to all of its neighbours and this process continues until the 
packet arrives at the destination or the maximum number of hops for the packet is reached. On the other hand, gossiping 
is a slightly enhanced version of flooding where the receiving node sends the packet to a randomly selected neighbour, 
which picks another random neighbour to forward the Packet to and so on. 

 
i. The SPIN protocol proposed by W. Heinzelman is designed to address the deficiencies of classic flooding by negotiation 

and resource adaptation.  
 

 
Fig. 10 SPIN Protocol [5]            

        

• As figure 10 suggests, To carry out negotiation and data transmission, nodes running SPIN use three types of messages.  
(1)ADV: A network node who wants to share data will first transmit an ADV message containing the metadata 
describing the data. (2) REQ: Upon receiving an ADV containing metadata, a network node interested in receiving 
specific data sends a REQ message the metadata advertising node, which then delivers the data requested. (3) DATA: It 
contains the actual data collected by a sensor, along with a metadata header [2]. 
 

ii. In Directed Diffusion protocol proposed by C. Intanagonwiwat, If a sensor wants to receive data, it sends interests for 
named data. When data is sent by a source sensor, the data can be cached or transformed by intermediate sensor, which 
in turn may initiate interests based on the data that were previously cached. In addition, the data sent by the source sensor 
may be aggregated by intermediate sensors before being forwarded to destination.  

 

 
Fig. 11 DD protocol Messages [5]   
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As figure 11 suggests, There are mainly three steps in directed diffusion called :1) Interest Propagation 2) Initial 
Gradient Setup and 3) Data delivery reinforced. This method is just like subscription to a service by subscriber, 
whenever event occurs event data is sent by source. 

iii.  Rumor Routing is another variation of Directed Diffusion. RR method combines query flooding and event flooding. For 
instant, if we are interested to fetch an information like temperature for any particular area in a sensor region then queries 
are rooted to the particular node present in that specific area. These queries have to be performed until all the necessary 
information are collected. So, a node of that area will act as an Agent, which will flood the queries to the neighboring 
nodes and collect the similar information in a local table within the Agent. In each specific time interval using TDMA 
approach the tables will be send across to the base station. Using this approach, only specific information required will 
be collected and reduces the redundancy. 
 

iv. COUGAR proposes architecture for the sensor database system where sensor nodes select a leader node to perform 
aggregation and transmit the data to the gateway (sink). The gateway is responsible for generating a query plan, which 
specifies the necessary information about the data flow and in-network computation for the incoming query and send it 
to the relevant nodes. The query plan also describes how to select a leader for the query. The architecture provides in-
network computation ability for all the sensor nodes. 
 

b) Hiechical  Routing Protocols [5][6] 
In hierarchical architecture, sensor nodes are organized into clusters, where a node with lower energy can be used to 
perform the sensing task and send the sensed data to its cluster head at short distance, while a node with higher energy 
can be selected as a cluster head to aggregate the data from its members and forward it to the sink. This process can not 
only reduce the energy consumption, but also balance traffic load and improve the scalability. 
 

Following are the Hierarchical Routing protocols: 
 

• LEACH, PEGASIS and TEEN routing protocols belongs to family of Hierarchical routing. 
i. LEACH (Low energy adaptive clustering hierarchy by W. Heinzelman) is the most famous Hierarchical clustering 

protocol which had been a basis for many further clustering protocols. LEACH is randomized; self-organizing cluster 
based routing protocol used in wireless sensor network. In this protocol the base station will be a fixed and located 
foraway from the sensor region. The sensor nodes are generally homogeneous in nature with energy constrained. In a 
cluster of sensors a node acts as cluster head or a group leader which performs aggregation and routing of packets to the 
sink. In this protocol sensing and gathering of information are equally done by all sensor nodes and aggregated at the 
cluster head node.  The data aggregation actually helps in compression of data when data is sent from the clusters to the 
base station thus energy wastage is reduced and sensor networks life time is enhanced. Generally in leach protocol, it 
performs two operation modes: 1) setup phase and 2) steady phase. (1)Setup phase will be a learning time in a sensor 
network. In Setup phase the complete sensor region with cluster heads and sensor are formed. The cluster head is 
selected from the sensor node in a specific region at a time with a probability. (2)In steady phase the data transmission 
takes place. In steady phase nodes send their collected data to CH according to the TDMA slot. The node goes to sleep 
mode after this transmission until next allocated transmission slot, to save the energy. After reception of all the data, CH 
aggregates that data and transmits it to the base stations [8]. 
 

ii. PEGASIS (Power-efficient GAthering in Sensor Information Systems) is an improvement of the LEACH protocol. 
Rather than forming multiple clusters, PEGASIS forms chains from sensor nodes so that each node transmits and 
receives from a neighbour and only one node is selected from that chain to transmit to the base station (sink). Gathered 
data moves from node to node, aggregated and eventually sent to the base station [5][6]. 
 

iii.  TEEN (Threshold sensitive Energy Efficient sensor Network protocol) is a hierarchical Protocol with two type of 
threshold to control unnecessary packet transmissions to sink node. After the clusters are formed, the cluster head 
broadcasts two thresholds to the nodes. These are hard and soft thresholds for sensed attributes. Hard threshold is the 
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minimum possible value of an attribute to trigger a sensor node to switch on its transmitter and transmit to the cluster 
head. Thus, the hard threshold allows the nodes to transmit only when the sensed attribute is in the range of interest, thus 
reducing the number of transmissions significantly. Once a node senses a value at or beyond the hard threshold, it 
transmits data only when the values of that attribute changes by an amount equal to or greater than the soft threshold. As 
a consequence, soft threshold will further reduce the number of transmissions if there is little or no change in the value of 
sensed attribute. One can adjust both hard and soft threshold values in order to control the number of packet 
transmissions. 
 

c) Comparison Of  Flat and Hierarchical Routing protocols [6] 
 

Table-I justifies that Hierarchical Data aggregation Protocols are more energy efficient than flat data aggregation 
Protocols because of Clustering approach. Due to Clustering Long-range transmissions are avoided and all sensor node 
just send their data to particular CH only.  
 

Table 1 Flat RP's vs. Hierarchical RP's 

Flat  RP’s Hierarchical RP’s 

DA is performed by 
CH’s. 

DA is performed by 
different node along 
the multi-hop path. 

Overhead is 
involved in cluster 
formation. 

Data aggregation 
routes are formed 
only in the regions 
that have data for 
transmission. 

Even if the cluster-
head fails, the 
entire network will 
function normally. 

The Failure of Sink 
node may result in 
break-down of 
entire network. 

Lower Latency is 
involved  as short-
range transmissions 
to the CH’s. 

Higher Latency 
involved as multi-
hop communication 
for data delivery is 
there. 

Node heterogeneity 
can be used by 
assigning high 
energy nodes as 
CH. 

Does not utilize 
node heterogeneity 
for improving 
energy-efficiency. 

 

V. CONCLUSION 
Wireless Sensor Network is resource-constrained and battery limited. In order to save energy and resources, data must be 
aggregated to avoid tremendous amount of redundant traffic. Thus aim of Data Aggregation is to eliminates redundant 
data transmissions and enhances lifetime of energy in WSN. The buzzword “Data Aggregation” is issue of Network 
Layer and data aggregation process is performed by specific routing protocol of Network Layer. Data aggregation is 
performed mainly in Flat and Hierarchical Routing Protocols. Hierarchical Routing protocols are more energy-efficient 
than Flat Routing Protocols. Data Aggregation increases the lifetime of sensor network.  
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