IJCEM International Journal of Computational Engineering & Management, Vol. 16 Issue 1, January 2013
ISSN (Online): 2230-7893
www.IJCEM.org

22

Analysis of Data Aggregation Techniques in Wireless Sensor
Networks
Prakashgoud Patil1, Umakant Kulkarni 2
1

B.V.B. College of Engineering and Technology,
Hubli, Karnataka, INDIA

2

S.D.M. College of Engineering and Technology,
Dharwad, Karntaka, INDIA

Abstract
The main goal of data aggregation algorithms is to gather and
aggregate data in Wireless Sensor Network (WSN) in an energy
efficient manner so that network lifetime is enhanced. Data
aggregation may be effective technique in this context because it
reduces the number of packets to be sent to sink by aggregating
the similar packets. The performance of data aggregation
protocols are characterized by performance measure such as
energy consumption, latency ad data accuracy. In this paper, we
present a survey of data aggregation algorithms and approaches
for handling the trade-offs in data aggregation schemes.
Keywords: Wireless Sensor Network, Data Aggregation,
Clustering and Energy Efficiency.

1. Introduction
In typical wireless sensor networks, sensor nodes are
usually resource-constrained and battery-limited. Innetwork 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. In order to save
resources and energy, data must be aggregated to avoid
overwhelming amounts of traffic in the network. The aim
of data aggregation is that eliminates redundant data
transmission and enhances the lifetime of energy in
wireless sensor network.

2. Preliminaries of Data Aggregation
Data aggregation requires a different forwarding paradigm
compared to classic routing. Classic routing protocols
typically forward data along the shortest path to the
destination (with respect to some specified metric). If,
however, we are interested in aggregating data to minimize
energy expenditure, nodes should route packets based on
the packet content and choose the next hop in order to
promote in-network aggregation. This type of data
forwarding is often referred to as data centric routing.

According to the data centric paradigm, as a node searches
for the relay nodes, it needs to use metrics which take into
account the positions of the most suitable aggregation
points, the data type, the priority of the information, etc. In
particular, the best strategy at a given node is not always to
send data as soon as it is available. Waiting for information
from neighboring nodes may lead to better data
aggregation opportunities and, in turn, improved
performance.
The performance measures of data aggregation algorithms
such Network Lifetime, Latency, and Data Accuracy are
described below.
Network lifetime: The network lifetime is defining the
number of data fusion rounds. Till the specified percentage
of the total nodes dies and the percentage depend on the
application.
Latency: Latency is defined as the delay involved in data
transmission, routing, and data aggregation. It can be
measured as the time delay between the data packet
received at the sink and data generated at the source node.
Data accuracy: It is evaluate of ratio of total number of
reading received at the base station (sink) to the total
number of generated

3. Data Aggregation Techniques based on
Network Architecture
Performance of data aggregation protocols are greatly
affected by the network architecture as shown in the figure
1. The data aggregation based on architecture divided into
parts such as: Flat Networks and Hierarchical. Hierarchical
data aggregation can be further divided into four parts
cluster, chain, tree and grid.
In flat network, aggregation is done in data centric routing
method, the sink transmits a query message to the sensors,
and sensors which have data matching the query send
response messages back to the sink. Excessive
communication and computation are performed in sink
node, resulting in a faster depletion of its battery power.
The failure of the sink node breaks down the functionality
of the network. In this paper we describe the different dataIJCEM
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aggregation protocols and highlight their advantages and
limitations.

Figure 1 WSN-Network Architecture

3.1 Cluster-Based Data Aggregation Technique
Cluster-based schemes [2] also consist of a hierarchical
organization of the network. However, here nodes are
subdivided into clusters. Moreover, special nodes, referred
to as cluster-heads, are elected in order to aggregate data
locally and transmit the result of such an aggregation to the
sink. In this section we analyze three cluster based
protocols, such as LEACH, CAG and EECA and their pros
and cons in Table 1.

3.1.1 Low-Energy Adaptive Clustering Hierarchy
(LEACH)
Heinzelman et al proposed the LEACH protocol [2]. It is
the first dynamic cluster head protocol specifically for
WSN using homogeneous stationary sensor nodes
randomly deployed. LEACH is suited for applications
which involve constant monitoring and periodic data
reporting. LEACH protocol runs in many rounds. Each
round contains two phases: cluster setup phase and steady
phase.
In cluster setup phase, it performs organization of cluster
and selection of cluster head. Selected cluster heads
broadcast a message to all the other sensors in the network
informing that they are the new cluster heads. All non
cluster head nodes which receive this advertisement decide
which cluster they belong to based on the signal strength of
the message received. All non-cluster head nodes transmit
their data to the cluster head, while the transmits the data
to the remote base station(BS). Cluster head node is much
more energy intensive than being a non cluster head node.
Head nodes would quickly use up their limited energy.
Thus, LEACH incorporates randomized rotation of the
high-energy cluster head position among the sensors.
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3.1.2 Clustered Aggregation Technique (CAG)
It is an algorithm to compute approximate answers to
queries by using spatial and temporal properties of data
[3]. CAG forms clusters of nodes sensing similar values. It
ignores redundant data using the spatial and temporal
correlations provide significant energy savings. CAG can
work in two modes: a) interactive mode and b) Streaming
mode. CAG generates a single set of responses for a query
in the interactive mode. In the streaming mode, periodic
responses are generated in response to a query.
The interactive mode of CAG exploits only the spatial
correlation of sensed data. CAG builds a forwarding tree
when a query is sent out. Thus, the forwarding path is set
along the reverse direction of the query propagation.
However, the interactive mode requires the overhead for
broadcasting a query each time a user wants new data from
the network.
In the streaming mode of CAG takes advantage of both
spatial and temporal correlations of data. A query for the
streaming mode uses the clause “epoch duration i” to
define the sampling frequency. The query is injected into
the network only once with this clause, it generates a query
reply for every i seconds.

3.1.3 Energy Efficient
Aggregation (EECDA)

Clustering

and

Data

EECDA combines energy efficient cluster based routing
and data aggregation for improving the performance in
terms of lifetime and stability [4]. It is for the
heterogeneous WSN. EECDA balances the energy
consumption and prolongs the network lifetime by a factor
of 51%, when compared with LEACH.
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3.2 Chain Based Data Aggregation Techniques
In the cluster based network, if the cluster heads are far
away from the sink then it need excessive energy to
communicate the sink. In chain based data aggregation the
data is sent only to the closest neighbor. This section
includes PEGASIS, COSEN, Enhanced PEGASIS,
CHIRON protocols and point out their pros and cons.
These protocols are compared in Table 2.

3.2.1 Power Efficient GAthering
Information System (PEGASIS)

in

Sensor

It is a near optimal chain based power efficient protocol
based on LEACH. The cluster formation and cluster head
selection is not used in PEGASIS[5]. Each node
determines the distance to its neighbors using the signal
strength and then adjusts the signal strength to
communicate only with the closest neighbor. Collected
data moves across the nodes, gets aggregated at each node,
and eventually, a single designated node transmits data to
the base station. Nodes take turns in transmitting to the
base station so that the power dissipation for
communicating with the base station is distributed
uniformly among all the nodes.
In PEGASIS the chain construction is done in greedy
fashion with the assumption that all the nodes have global
knowledge of the network. The leader in each round of
communication is selected from a random location in the
chain.
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3.2.3 Enhanced PEGASIS
In this method, the sensing area, centered at the BS, is
circularized into several concentric cluster levels. For each
cluster level, based on the greedy algorithm of PEGASIS,
a node chain is constructed. In data transmission, the
common nodes transfer their sensing data to its chain
leader in a similar way as the PEGASIS. After that, from
the highest (farthest) cluster level to the lowest (near to the
BS), a multi-hop and leader-by-leader data propagation
task will be followed.

3.2.4 Chain-Based Hierarchical Routing Protocol
(CHIRON)
It is an energy-efficient hierarchical chain-based routing
protocol, named as CHIRON, for wireless sensor networks.
In CHIRON, divides the sensing area into several fanshaped groups. The sensor nodes within each group are
self organized into a chain. It considers the node with a
maximum residual energy as chain leader candidate. For
avoiding a longer transmission would be incurred among
chain leaders, the nearest downstream chain leader will be
elected for relaying the aggregated sensing information[7].
Table 2. Comparison of Chain Based Routing Protocols

3.2.2 Chain Oriented Sensor Network for Efficient
Data Collection (COSEN)
It is a two-tier hierarchical chain-based routing scheme.
COSEN compared to PEGASIS, it can alleviate the
transmission delay and energy consumption. In that
scheme, sensor nodes are geographically grouped into
several low-level chains [6]. For each low-level chain, the
sensor node with the maximum residual energy is elected
as the chain leader. Moreover, with the low-level leaders, a
high-level chain and its corresponding chain leader will be
eventually formulated. In data communications, all
common (normal) nodes perform a similar procedure as
that in PEGASIS to send their fused data, via their
respective low-level leaders and the high-level leader,
toward the BS. But COSEN introduce a lot of redundant
transmission paths, especially for those nodes which are
nearest to the BS.

3.3 Tree based Data Aggregation Techniques
In this type of scheme nodes are organized in a tree
topology where the sink is represented as a root. All the
intermediate nodes perform the aggregation and transfer it
to the root (sink). Energy efficient tree construction is the
main aspect in the tree based approach[11,12]. This
section includes TREEPSI, PERLA and TCDGP protocols
and with their benefits and limitations.
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3.3.1 Tree-based Efficient Protocol for Sensor
Information (TREEPSI)
It is a tree based protocol. Before data transmission phase,
it will select a root node among the sensor nodes. There
are two ways to build the tree path first the computing the
path centrally using the sink and broadcasting the path
information to the network, second can be a common
algorithm in each node. At the initial phase, the root is
identified by id = j. Root will create data gathering process
from the children nodes using any standard tree traversal
algorithm. Then perform the data transmission phase after
building the tree. All the leaf nodes will start sending the
sensed data towards their parent nodes. The parent nodes
will collect the received data together with their own data
that is then sent to their parents. The process will repeat
until the root node has no more data to send. After the root
node has aggregated the data, it sends the collected data
directly to the sink. The WSN will then re-select a new
root node. The new root identification number would be j
+ 1. The initial phase is then repeated and the tree path will
not change until the root node is dead[8].
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process until the desired number of clusters is attained.
When the splitting algorithm is completed, the base station
will select a cluster head for each cluster according to the
location information of the nodes. For a node to be a
cluster head, it has to locate at the center of a cluster.
Once a node is selected to be a cluster head, it broadcasts a
message in the network and invites the other nodes to join
its cluster. The other nodes will choose their own cluster
heads and send join messages according to the power of
the many received broadcast messages.
In data aggregation phase after the routing mechanism has
established, nodes transmits their gathered data to higher
level nodes. Then the higher level nodes will fuse the
received data and send it to next level nodes. This process
will be repeated until aggregated data reaches the root
node. The above discussed tree based routing protocols
comparisons are given in Table 3.

3.3.2 Power Efficient Routing with Limited Latency
(PERLA)
It is to enhance the robustness in the network. It considers
the link failure and node failure problems. PERLA
recognize and recover from link failures by using some
specific procedure. PERLA identifies link failures by using
acknowledgments. In the initialization phase, each node
selects a primary parent for packet forwarding, and a set of
upper-layer neighbor nodes as backup parents. With
respect to pure multi-path approaches, PERLA reduces the
overall traffic in the network by performing
retransmissions only if necessary. It does not rely on linklayer acknowledgments and retransmissions.

3.3.3 Tree-Clustered
(TCDGP)

Data

Gathering

Protocol

It is to combine cluster-based and tree-based protocols. It
performs data collection in three phases. Such as a) Cluster
Establishment phase. b) Constructing Cluster Based Tree
phase and c) Data aggregation phase [10].
Cluster Establishment phase consists of two major steps:
cluster formation and cluster head selection. The base
station forms the clusters and selects the cluster head; it
may be different in each round. During the first round, the
base station first splits the network into two sub clusters,
and proceeds further by splitting the sub clusters into
smaller clusters. Base station repeats the cluster splitting

3.4 GRID
based
Techniques

Data

Aggregation

In grid-based data aggregation, the data aggregator is fixed
in each grid and it aggregates the data from all the sensors.
Hence, the sensors within a grid do not communicate with
each other. Any sensor node within a grid can assume the
role of a data aggregator in terms of rounds until the last
node dies. It is best suitable for military surveillance and
weather forecasting. In this section GROUP and ATCBG
protocols are discussed and its comparisons are in Table 4.

3.4 GROUP
It is an energy-efficient and cluster-based routing protocol
for wireless sensor networks. In GROUP[9], the nodes are
organized into clusters. One node is selected as the cluster
head (CH) in each cluster. And all cluster heads form a
virtual cluster grid. The data queries will be transmitted
from sinks to all nodes via cluster heads. And the data
matched the query are routed back to sinks via cluster
heads. GROUP select cluster heads dynamically. The data
forwarding can be done in three processes the cluster grid
construction process, query forwarding and data
forwarding.
In Cluster grid construction phase after the wireless sensor
network is deployed, all sinks in the network will elect one
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sink as the primary sink (PS), which initiates the cluster
grid construction process, based on their location. The PS
is closer to the center of network than other sinks in order
to keep a minimum duration of grid construction.
Query forwarding phase queries are forwarded through
limited- broadcast and unicast respectively. There are two
typical classes of queries sent by sinks, i.e. location
unaware query and location-aware query. In GROUP, The
location-unaware query is transmitted from one of the sink
to its closest cluster head. The location-aware query will
forward the query to one of its downstream cluster heads
which is closest to the destination area mentioned in the
query.
In Data forwarding phase a sensor node receives the query
from its cluster head; it will check the query and collect the
data. If the collected data match the query, it sends out data
to its cluster head through short-range radio. The data
packet will be forwarded recursively by the cluster head to
its upstream cluster head till it reaches the sink which
generated the query. In GROUP, cluster heads can perform
data aggregation in order to reduce the number of data
packets transmission.

3.5 Aggregation Tree Construction Based On Grid
(ATCBG)
The aggregation tree construction algorithm (ATCBG) is
to having some improvements over GROUP. The main
idea of ATCBG is that aggregation tree is constructed by
taking the sink as the center of a grid. The whole network
is divided into grids. Each grid forms a cluster. The cluster
head is elected by considering residual energy, distance to
the center of the grid and other factors. The cluster head
take responsible for data aggregation. All the cluster heads
form a tree-structure.
The aggregation tree construction is initiated by sink. Sink
broadcasts tree construction message. In Cluster Head
Replacing Scheme: The cluster head will consume more
energy due to receiving and fusing all the data from its
member nodes and child nodes. To avoid premature death
of the cluster head, the cluster head must be replaced after
a certain time.
ATCBG replaces the cluster head when its residual energy
is below half of the energy with which it was electing for
cluster head. When residual energy below the threshold,
the cluster head sends replacing cluster head message for
replacing the cluster head.
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In Data Transmission the cluster member nodes first send
the collected data to the corresponding cluster head. The
cluster head fuses the data after receiving all the data from
member nodes and its child nodes. And then cluster head
sends the fused data to its parent. The process continues
until the data is sent to the sink.

4. Conclusions
The comprehensive survey data-aggregation algorithms in
Data Aggregation in Wireless Sensor Network is studied.
All of them focus on optimizing important performance
measures such as network lifetime; data latency, data
accuracy, and energy consumption. We have described the
main features, the advantages and disadvantages of various
data aggregation algorithm. However, the performance of
the data aggregation protocol is strongly coupled with the
infrastructure of the network. Although, many of the dataaggregation techniques discussed look promising, there is
significant scope for future research. Combining aspects
such as security, data latency, and system lifetime in the
context of data aggregation is worth exploring.
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