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Abstract— The nodes of wireless sensor networks (WSN) have a limited energy supply and limited bandwidth available. 
Energy-efficient data gathering is a common but critical operation in wireless sensor. Data aggregation can effectively 
reduce the data traffic, thereby reduce energy consumption, and can extend the network's life time. The design of efficient 
data   aggregation algorithm is a challenging task. The aim is to minimize redundancy from the raw data captured by the 
sensors, minimizing the number of transmissions to the sink and thus saving energy. In-network data aggregation plays an 
important role to reduce the transmitting energy and data redundancy in large scale sensor networks In this paper, we 
identify various in network aggregation techniques, data management techniques and complexities in regard to space and 
time requirements in different sensor networks.  
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I. INTRODUCTION 
 
Wireless Sensor Networks (WSNs) consists of a large 
number of sensor nodes deployed across a wide area. 
These sensor nodes form a self organized sensor 
network. Each node senses the data from the 
environment and forwards it to its base station i.e sink 
(Fig. 1). Energy is the most important factor in the 
WSN because each sensor works with its non-
rechargeable battery. Data collection is the principle 
application in the WSN. If data collection is not 
performed in an efficient manner, then  the sensors 
will have a lot of traffic and more energy 
consumption. Thereby, sensors battery will be 
discharged early and  life time of the sensors will be 
short.  
 

 
Figure 1.Wireless Sensor Network 

 
Sink broadcasts the query towards sensor nodes, and 
sensor nodes on receiving that query transmits the 
result through a path towards the Sink. Data gathering 
is systematic collection of sensed data from multiple 
sensors towards the base station for processing. Since 
sensor nodes are energy constrained and have less 
transmission range, it is inefficient for all the sensors 
to transmit the data directly to the base station i.e. 
sink. Data collected from sensing nodes is often 
redundant and highly correlated. Hence, we need 
methods for combining data into high-quality 
information at the sensors which can reduce the 
number of packets transmitted to the base station 
resulting in conservation of energy . This can be 

accomplished by data aggregation. Data aggregation 
is the process of aggregating the data from multiple 
sensors to eliminate redundant transmission and 
provide fused information to the base station. Data 
aggregation collects the most critical data from 
multiple sensors and make it available to the sink in 
an energy efficient manner.  
In this paper, our focus is on in-network aggregation 
and data management techniques. The aim of this 
paper is to provide taxonomy of in-network 
aggregation by defining the main concepts and 
covering the most important and recent work in the 
field. Our major contributions are, on the one hand, to 
define criteria to classify existing solutions and, on 
the other hand, to identify and propose directions for 
future research. The paper is organized as follows. In 
Section 2, we describe various in-network 
aggregation paradigm, by identifying the main 
problems involved.  In Section 3 we discuss 
theoretical Finally, in Section 4 we summarize the in-
network aggregation approaches discussed 
throughout the paper, and give directions and 
motivations for future research. 

 
II. INTRODUCTION TO IN NETWORK 
AGGREGATION 
 
In-network data aggregation deals with this 
distributed processing of data in sensor network.  In-
network data aggregation the data size reduction shall 
not hide statistical information about the monitored 
event. e.g when multiple sensors collaborate in 
observing the same event, the number of nodes 
reporting it and the timings of the reports may reveal 
the event’s size and/or dynamics, respectively. The 
various approaches of in network data aggregation 
are as follows 
In-network aggregation with size reduction  is the 
process of combining and compressing data coming 
from different sensors in order to reduce the 
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information to be sent over the network. e.g, assume 
that a node receives two packets from two different 
sources containing the locally measured temperatures. 
Instead of forwarding the two packets, the sensor may 
compute the average of the two readings and send the 
reading in a single packet. 
In-network aggregation without size reduction 
refers to the process of merging packets coming from 
different sensors into the same packet without data 
processing..e.g. Two packets carrying different 
physical quantities, temperature and humidity. These 
two values cannot be merged together but they can 
still be transmitted in a single packet, thereby 
reducing overhead.  
The first approach is better as it is able to reduce the 
amount of data to be sent over the network but it may 
also reduce the accuracy. After the aggregation 
operation, it is usually not possible to perfectly 
reconstruct all of the original data. The second 
approach, instead, preserves the original information. 
In-network aggregation techniques require three basic 
things: Routing protocols, Aggregation functions and 
Data presentation.  
 
2.1. Routing Protocols [1]–[9]:  
The important factor for in-network aggregation is 
routing protocol. Data aggregation requires a 
different forwarding mechanism as compared to 
classic routing. Classic routing protocols forward data 
along the shortest path to the destination. If, however, 
we are aggregating data to minimize energy 
consumption, 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 called data centric routing. In-network 
aggregation may require some form of 
synchronization among nodes. 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.  
 
2.2  Aggregation Functions [8], [13]–[20] 
The aggregation techniques should provide is the 
ability to combine data coming from different nodes. 
The various aggregation techniques are as follows 
Lossy and lossless:In the lossy approach the original 
values cannot be recovered after having merged them 
by means of the aggregation function. In addition, we 
may lose the precision with respect to transmitting all 
readings. In lossless approach,it allows to compress 
the data by preserving the original information. This 
means that all readings can be perfectly reconstructed 
from their aggregate at the receiver side. 
Duplicate sensitive and duplicate insensitive: An 
intermediate node may get multiple copies of the 
same information. In this case, it may happen that the 
same data  from different nodes is considered 
multiple times when the information is aggregated. If 

the aggregation function in use is duplicate sensitive, 
the final result depends on the number of times the 
same value has been considered. Otherwise, the 
aggregation function is said to be duplicate 
insensitive. 
 
2.3. Data representation [21]–[24] 
Due to its limited storage capabilities of sensor nodes, 
a node may not be able to store all the received/ 
generated information in its internal buffer. It needs 
to decide whether to store, discard, compress, or 
transmit the data. A method to deal with data 
representation and compression is distributed source 
coding techniques, that compress data on  
 
III. DATA AGGREGATION PROTOCOLS 
       
The architecture of the sensor network plays an 
important role in the performance of different data-
aggregation protocols. The various data aggregation 
protocols are as follows  
 
3.1. FLAT NETWORKS 
In flat networks, each sensor node plays the same role 
and is equipped with approximately the same battery 
power. In such networks, data aggregation is 
accomplished by data centric routing where the sink 
transmits a query message to the sensors via flooding 
and sensors which have data matching the query send 
response messages back to the sink.. The various Flat 
network protocols are 
DD (Directed Diffusion) 
Directed Diffusion [1] is a data-centric routing 
protocol in Sensor Networks. In this protocol data 
generated by sensor nodes is named by attribute-
value pairs. This protocol consisting of four 
elements:[1] interests, data messages, gradients and 
reinforcements. An interest ( a list of attribute value 
pairs) describes a task. Data messages are names 
using attribute value pair. A gradient specifies data 
rate as well as the direction of event and 
reinforcement selects a particular path from a number 
of paths. In the DD protocol data coming from 
different sources are combined and thereby 
eliminating redundancy, minimizing the number of 
transmissions, saving network energy and prolonging 
network  lifetime.  

 
 
 
 
 
 
 
 
 
 
 

Figure 2: Directed Diffusion 
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A sink requests data by sending interests. The data 
that match the interests are then "drawn" down 
towards the sink. Intermediate nodes cache or 
transform data, and direct the interests based on 
previously cached data. A base station sends a query 
towards nodes in the interested region. The query or 
interest is diffused through the network hop-by-hop. 
Each sensor receives the interest and setup a gradient 
toward the sensor nodes from which it receives the 
interest. This process continues until gradients are 
setup from the sources back to the Base station. The 
sensed data are then returned to the Base station in 
that reverse path. The Intermediate node may 
aggregate their data depending on the data message 
thus reducing the communication cost. Since in this 
case data transmission is not reliable the BS 
periodically refreshes and resends the interest when it 
starts to receive data from the source(s). Directed 
Diffusion protocols are application specific and hence 
it can save energy by selecting optimal paths by 
caching and processing data in the network.  
It has some drawbacks [1]. First of all, for data 
aggregation it needs time synchronization technique 
that is not easy in sensor networks. Another problem 
is with the overhead involved in recording 
information by sensor nodes thus increasing the cost 
of a sensor node.  
 
SPIN  
SPIN is a data-centric routing protocol. It is a family 
of protocols used to efficiently disseminate 
information in a wireless sensor network. 
Conventional data dissemination approaches like 
flooding and gossiping waste valuable 
communication and energy resources sending 
redundant information throughout the network. In 
addition, these protocols are not resource-aware or 
resource-adaptive. SPIN solves these shortcomings of 
conventional approaches using data negotiation and 
resource-adaptive algorithms. There are three types of 
messages in SPIN protocol [26] [27]: 
ADV--  When a node has new data to share; it can 
advertise this using ADV message containing 
Metadata. 
REQ--  Node sends an REQ when it needs to receive 
actual data. 
DATA--  DATA message contains actual sensor data. 
The SPIN family of protocol is made up of four 
protocols, SPIN-PP, SPIN-BC, SPIN-RL, and SPIN-
EC[3].The protocol works when a node obtains new 
data that it is willing to share with other nodes. It 
does so by broadcasting an ADV message . If a 
neighbour is interested in the data, it sends an REQ 
message for the DATA and the DATA is sent to this 
neighbour node. The neighbor sensor node then 
repeats this process to its neighbours as a result of 
which the entire sensor area will get a copy.The 
negotiation mechanism ensures elimination of 
redundant data. But it does not establish any path for 
data transmission and hence data delivery is not 

guaranteed in SPIN. Another interesting fact is that 
energy consumption not only depends on sensing the 
data but also on processing the sensed data and 
transmitting or receiving them to or from its neighbor 
nodes. So if it is possible to control number of 
transmission and receipt of messages, a significant 
amount of energy can be saved.  
 

 
Figure 3: SPIN Protocol 

 
SPIN provides much energy savings than other 
protocols like  flooding and meta-data negotiation 
almost halves the redundant data. However, SPINs 
data advertisement mechanism cannot guarantee the 
delivery of data.  
 
3.2. Cluster Based  Networks 
Flat networks result in excessive communication and 
computation burdens at the sink node, resulting in a 
faster discharging of its battery power. The death of 
the sink node breaks down the entire network. 
Therefore for scalability and energy efficiency, 
several cluster based data-aggregation approaches 
have been proposed. Cluster data aggregation 
involves data fusion at special nodes, which reduces 
the number of messages transmitted to the sink. This 
improves the energy efficiency of the network. Figure 
4 shows a cluster-based  sensor network. The cluster 
heads can communicate with the sink directly via 
long range transmissions or multi hopping through 
other cluster heads. The various protocols for cluster 
based networks  are as follows : Low-Energy 
Adaptive Clustering Hierarchy (LEACH), TEEN 
(Threshold sensitive Energy Efficient sensor 
Network) APTEEN (Adaptive Threshold TEEN) 

 

 
Figure 4: Cluster based sensor network. 
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LEACH Protocol 
LEACH (Low Energy Adaptive Clustering 
hierarchy)LEACH [2] is a self-organizing, adaptive 
clustering protocol. It uses randomization for 
distributing the energy load among the sensors in the 
network. LEACH is the first energy conserving 
cluster formation protocol. Figure 5illustrates the 
structure of this protocol in which all sensors are 
divided into several clusters for fusion.  

 
Figure 5: LEACH Protocol 

 
In this protocol, base station is fixed and located 
away from the sensor nodes and the nodes are 
homogeneous and energy constrained. Here, one node 
acts as the local base station called cluster-head (CH). 
LEACH randomly rotates the high-energy cluster-
head so that the activities are equally shared among 
the sensors and the sensors consume the battery 
power equally. LEACH performs data fusion i.e. 
compression of data when data is sent from the 
clusters to the base station thus reducing energy 
dissipation and enhancing network lifetime. LEACH 
divides the total operation into rounds. Each round 
consists of two phases. 
In set-up phase, clusters are formed and cluster head 
CH is selected for each cluster. The cluster head CH 
is selected from the sensor nodes at a time with a 
certain probability. Each node generates a random 
number from 0 to 1. If this number is lower than the 
threshold node (T (n)) then this particular node 
becomes a CH. When the cluster head gets data from 
its cluster, it aggregates data and send the  
compressed data to the base station. Since base 
station is far away from the CH, it needs high energy 
for transmitting the data.. 
 

 
Figure 6: Clustering in LEACH Protocol. 

 
In LEACH, energy consumption will distribute 
uniformly among all the nodes and the non heads are 

turning off as much as possible. In each round, 
LEACH has cluster-heads comprising of 5% of the 
total nodes. The limitations of  protocol is that, it 
suffers from extra overhead because of its dynamic 
clustering. Moreover, when a cluster head dies, the 
cluster member nodes fail to forward the collected 
data.  
 
TEEN (Threshold sensitive Energy Efficient 
sensor Network) 
TEEN [28] is a cluster based hierarchical routing 
protocol based on LEACH. This protocol is used for 
time-critical applications. In this protocol, nodes 
sense the medium continuously, but the data 
transmission not done frequently. The network 
consists of simple nodes, first-level cluster heads and 
second-level cluster heads. TEEN uses LEACH’s 
strategy to form cluster. First level CHs are formed 
away from the base station (BS) and second level 
cluster heads are formed near to the base station. A 
CH sends two types of data to its neighbors i.e hard 
threshold (HT) and  soft threshold (ST) In hard 
threshold, the nodes transmit data if the sensed 
attribute is within  the range of interest and thus it 
reduces the number of transmissions. In soft 
threshold, a small change in the value of the sensed 
attribute is transmitted. The nodes sense their 
environment continuously and store the sensed value 
for transmission. The limitation of TEEN protocol are 
as follows. Nodes wait for their time slot for data 
transmission. If no data is their the time slot is 
wasted. Cluster heads always wait for data from 
nodes by keeping its transmitter on. 
 
APTEEN  
APTEEN [29] is an improved version of TEEN and it 
has all the features of TEEN. It is developed for 
hybrid networks and captures both periodic data 
collection and reacting to time critical events. 
APTEEN supports queries like: Historical: Analyses 
past data values ,Current network view, Monitoring 
an event for a period of time.It allows the user to set 
threshold values and also a count time interval. If the 
sensor node does not send data for a time period 
equal to the count time, it is forced to sense and 
retransmit the data thus maintaining energy 
consumption. Figure 7 shows TEEN and APTEEN. 
The limitations of this protocol is that complexity is 
required to implement threshold function and count 
time. 

 
Figure 7:  Hierarchical clustering in APTEEN. 
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3.3. Chain-Based Networks  
In cluster-based sensor networks, sensors transmit 
data to the cluster head where data aggregation is 
performed. However, if the cluster head is far away 
from the sensors, they require excessive energy in 
transmission. The main idea behind chain-based data 
aggregation is that each sensor transmits data only to 
its closest neighbor. The various protocols in chain 
based network are:  Power-Efficient Data-
Gathering Protocol for Sensor Information 
Systems (PEGASIS), EEPB (Energy-Efficient 
PEGASIS-Based protocol), EECB (Energy-
Efficient Chain-Based routing protocol), 
Improved energy-efficient PEGASIS-based 
protocol (IEEPB) 
 
PEGASIS: 
PEGASIS is optimal chain-based protocol that 
minimizes energy. In PEGASIS, each node 
communicates only with a close neighbor and which 
in turn transmits it  to the base station, thereby 
reducing the overall transmissions and energy 
consumption. In PEGASIS protocol, nodes are 
organized into a linear chain for data aggregation. 
The nodes can form a chain by following greedy 
algorithm or the sink can determine the chain in a 
centralized manner. Greedy chain formation assumes 
that all nodes have global knowledge of the network. 
The far away node from the sink initiates chain 
formation and, at each step, the closest neighbor of a 
node is selected as its successor in the chain. In each 
data-gathering round, a node receives data from one 
of its neighbors, fuses the data with its own, and 
transmits the fused data to its other neighbor along 
the chain. Eventually, the leader node which is 
similar to cluster head transmits the aggregated data 
to the sink. The greedy chain formation approach 
used in may result in some nodes having relatively 
distant neighbors along the chain. This problem is 
alleviated by not allowing such nodes to become 
leaders.  
 

 
Figure 8: PEGASIS protocol chain 

 
The PEGASIS protocol uses two steps to construct 
the chain. In first step, sensor nodes and the base 
station are self-organization using the greedy 
algorithm as shown in Figure 9. In second step, the 
base station broadcast information of the chain to 
sensor nodes after it performs the process of the chain 
construction. The chain  construction starts at the 
farthest node from the base station. After the process 

of the chain construction, each node delivers own 
sensing data to its neighbor node. After receiving 
these data, the neighbor node aggregates them with 
their own data and transmits these data to its neighbor 
node. Each node performs the task that sensing data 
deliver to base station by turns.However, the 
PEGASIS protocol has various limitations. Each 
sensor node is required to have an extra local 
information about the network. While selecting the 
head node, there is no consideration about the energy 
of nodes.In chain construction, some delay may 
occur.IN selecting head node, there is no 
consideration about the location of the base station. 
 
EEPB  
Energy-Efficient PEGASIS-Based protocol(EEPB) 
is a chain-based protocol. It is an enhanced PEGASIS 
algorithm. Whereas  PEGASIS compute the chain 
using the greedy algorithm, it can result much long 
distance in communication between two sensors. 
Thus more energy is consumed while transmitting the 
data and nodes die early. EEPB avoids this 
phenomena using a distance threshold. EEPB adopts 
thid threshold when constructing chain to decrease 
the formation of long link. EEPB selects the leader by 
holding both the residual energy of nodes and the 
distance between nodes and BS, and sets the 
reselection frequency of leader according to the 
remaining nodes in the network. EEPB not only saves 
energy on the threshold, but also balances the energy 
consumption of all sensor nodes. EEPB has certain 
limitations like the uncertainty of threshold adopted 
when building a chain. 
 
EECB: 
EECB (Energy-Efficient Chain-Based routing 
protocol) is an improvement over PEGASIS protocol. 
EECB uses distances between sensor nodes and base 
station and residual  energy levels of nodes to decide 
which node will be the leader that takes charge of 
transmitting data to the BS.[33] Also, EECB adopts 
distance threshold to avoid formation of LL (Long 
Link) on the chain. EECB can prolong the lifetime 
and improve the quality of sensor network by 
avoiding long link and distributing energy load  
among all nodes. 
 
IEEPB 
Improved energy-efficient PEGASIS-based protocol 
(IEEPB)  adopts new method to build chain, and uses 
weighting method when selecting the leader node, 
that is assigning each node a weight so as to represent 
its appropriate level of being a leader which considers 
residual energy of nodes and distance between a node 
and base station (BS) as key parameters. IEEPB has a 
better performance than EEPB on balancing 
energy consumption and prolonging lifetime of 
Wireless Sensor Networks (WSN). IEEPB compares 
the distance between nodes twice, finds the shortest 
path to link the two adjacent nodes. [33]This chain-
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building method is more simplified and effectively 
avoids the formation of Long Link(LL) between 
neighboring nodes. In the leader selection phase, 
IEEPB considers nodes energy and distance between 
node and Base Station(BS), normalizes the two 
factors and distributes different weight coefficients to 
them. Finally, the node with the minimal combined 
weight becomes the leader.  
 
3.4. Tree-Based Network 
In a tree-based network, sensor nodes are organized 
in the form of tree structure, where data aggregation 
is performed at intermediate nodes along the tree and 
compressed data is transmitted to the root node. Tree-
based data aggregation is suitable for applications 
which involve in-network data aggregation. In the 
case of tree based data aggregation, firstly nodes 
constitute a spanning tree based on the applied 
protocol, then each node aggregates data received 
from other nodes along with its own sensed data and 
sends it to its parent node which in turn will send to 
the root node. This achieves  reduction in the energy 
dissipation, as computation is other methods.  
The various protocols in tree based network are: 
Energy-aware distributed heuristic (EADAT), 
FFDA (Feed Forward Data Aggregation)   
 
EADAT 
Energy-aware distributed heuristic (EADAT) 
constructs and maintains a data-aggregation tree in 
sensor networks. The algorithm is initiated by the 
sink node which broadcasts a control message. The 
sink assumes the role of the root node in the 
aggregation tree. The control message has five fields: 
ID, parent, power, status, and hopcnt indicating the 
sensor ID, its parent, its residual power, the status 
(leaf, nonleaf node, or undefined state) and the 
number of  hops from the sink. After receiving the 
control message for the first time, a sensor  sets up its 
timer to Tv. Tv counts down the time when the 
channel is idle. During this process, the sensor 
chooses the node with the higher residual power and 
shorter path to the sink as its parent. This information 
is known to node v through the control message. 
When the timer times out, the node v increases its hop 
count by one and broadcasts the control message to 
other nodes. If a node u receives a message indicating 
that its parent node is node v, then u marks itself as a 
non leaf node. Otherwise the node marks itself as a 
leaf node. The process continues until each node 
broadcasts once and the result is an aggregation tree 
rooted at the sink. The main advantage of this 
algorithm is that sensors with higher residual power 
have a higher chance to become a non leaf tree node 
 
FFDA (Feed Forward Data Aggregation) 
FFDA (Feed Forward Data Aggregation) is an  
energy efficient data aggregation protocol used for 
constructing the spanning tree. [36]FFDA considers 
EAT (Energy After Transmission) as its parameter. 

This protocol considers EAT as the main parameter to 
select a node as root node  for spanning tree in the 
beginning of each round of data aggregation. Using 
this parameter the remaining energy of nodes remain 
more balanced thus the first node die is delayed 
significantly and it also improves the system's 
lifetime .Using this factor as the main factor to select 
the root for data aggregation tree the remaining 
energy of nodes remain more balanced. 
 
3.5. Grid Based Networks 
In grid-based networks, a set of sensors is assigned as 
data .In this networks, the data aggregator is fixed in 
each grid and it aggregates the data from all the 
sensors within the grid. This is similar to cluster-
based data aggregation in which the cluster heads are 
fixed. Grid based data aggregation is suitable for 
mobile environments such as military surveillance 
and weather forecasting and adapts to dynamic 
changes in the network and event mobility. The 
various protocols in grid based network are as 
follows: Energy-Efficient Data Dissemination 
protocol (EEDD) 

 
Energy-Efficient Data Dissemination protocol 
(EEDD) 
EEDD(Energy Efficient Data Dissemination 
protocol) is based on the concept of location aware 
flooding [38] to minimize the data transmission, 
thereby avoiding  redundancy of data and reducing 
overall energy consumption. EEDD also bases on 
grid structure [37, 39, and 40] to divide the entire 
network into small grids . In each grid, sensor node 
having highest residual energy is selected as a 
gateway. Gateway is selected periodically to keep the 
gateway from running out of energy. Gateways are 
responsible for forwarding information data over 
grids. Others sensor nodes in the grid will fall asleep 
to minimize the energy consumption of the network. 
EEDD consumes less energy and has a longer 
network lifetime compared with other approaches.  
 
IV. COMPARISON OF AGGREGATION 
TECHNIQUES 

 
The various aggregations techniques have their own 
uniqueness as well as similarity. So, it is difficult to 
say which protocol is better than other protocol 
because sensor networks are extremely scenario and 
application specific. In this paper ,we have compared 
the data aggregation and data management techniques 
for various  routing protocols for sensor networks, 
with respect to few metrics we identified. Table 1 
gives the comparison. Based on the analysis of the 
above protocols, we believe that a good routing 
protocol for wireless sensor networks should have 
good data aggregation and data management 
approach. If the data classification and fusion can be 
completed quickly in sensor nodes, it helps in 
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efficient query processing, and decreases network 
overhead dramatically and saves energy. 

 
Table 1.Comparision of data aggregation 

 
 

CONCLUSION AND FUTURE SCOPE 
 
We have presented a comprehensive survey of data 
aggregation algorithms in wireless sensor networks. 
All of them focus on optimizing important 
performance measures such as network lifetime, data 
latency, data accuracy and energy consumption. 
Efficient organization, routing and data aggregation 
tree construction are the three main  focus areas of 
data aggregation algorithms. We have described the 
main features, the advantages and disadvantages of 
each data aggregation algorithm. We have also 
discussed special features of data aggregation such as 
security and source coding. The trade-offs between 
energy efficiency, data accuracy and latency have 
been highlighted. Most of the existing work has 
mainly focused on the development of an efficient 
routing mechanism for data aggregation. However, 
the performance of the data aggregation protocol is 
strongly coupled with the infrastructure of the 
network. There has not been significant research on 
exploring the impact of heterogeneity and mode of 
communication (single hop versus multi-hop) on the 
performance of the data aggregation protocols. 
Although, many of the data aggregation techniques 
presented 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. A 
systematic study of the relation between energy 
efficiency and system lifetime is an avenue of future 
research. Analytical results on the bounds for lifetime 
of sensor networks is another area worth exploring. 
Existing work has provided bounds on lifetime for 
networks with specific network topologies and source 
behaviors. It would be interesting to extend this work 
to more general network topologies such as cluster 
based sensor networks. Security is another important 
issue in data aggregation applications and has been 
largely unexplored. Integrating security as an 
essential component of data aggregation protocols is 
an interesting problem for future research. Data 

aggregation in dynamic environments presents 
several challenges and is worth exploring in the 
future.  
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