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Abstract – Distributed Sensor Networks (DSNs) can provide
access to information anytime, anywhere by collecting,
processing, analyzing, and disseminating data. Thus the network
actively participates in creating a smart environment. DSNs
promise to revolutionize sensing in a wide range of application
domains. An equipped with appropriate distributed sensors in
DSN that can enable the detection of objects, temperature, and
identifying the location of fire attack in the forest. Sensor nodes
deployed randomly in the forest environment to gather the
context information such as air pressure, temperature context,
objects aware, location of fire, fire condition (emergency level or
non emergency level), and energy aware of each node.
In this work, based on the context, sensor nodes configure,
sense, and send the aggregated context data to base station (sink
node). In this work, identifies four different contexts in DSN by
considering the scenario of forest environment such as:
temperature context, air pressure context, energy aware context,
and object aware context. The two levels of data aggregation
processes (Cluster Head node and Sink node levels) are
considered for minimizing the redundant data for transmission.
Finally, we evaluated the performance parameters for the
proposed scheme.
Keywords-: Distributed Sensor Networks (DSNs), Context
Aware, Node Knowledge Base (NKB), Cluster Head (CH).

I. INTRODUCTION
A Distributed Sensor Network (DSN) is a collection of a
large number of heterogeneous intelligent sensors distributed
logically, spatially, or geographically over an environment and
connected by a high speed network. This is because of their
reliability, accuracy, flexibility, cost effectiveness, and ease of
deployment of nodes in DSN. Smart sensors can offer vigilant
surveillance and can detect and collect data concerning any
sign of machines failure, earthquakes, fire attacks, and floods
and even a terrorist attack.
Sensor nodes periodically sense the data from the
surrounding environment, process, and transmit it to the base
station or sink node. The frequently sensing of data and the
number of sensors periodically reports the data that depends
on the particular applications. Data aggregation involves
systematically collecting the sensed data from multiple

sensors, aggregating to suppress the redundant data, and
transmitting the aggregated data to the sink node for further
processing [2] [3]. The main objective of the data aggregation
is to eliminate the redundant data, transmission to prolong or
conserve the energy of the sensor nodes of DSN. Hence, it is
needed to combine the sensed data into high quality
information and this is accomplished through data aggregation
[4] [5] [6].
The context environment leads to DSN devices or nodes in
contexts, i.e., the ability of device or program to sense, react or
adapt to its environment to use. The optimal heuristic
techniques are used to solve complex real time problems such
as context aware devices, context discovery, sensing,
extraction and manipulation, which have a high degree of
mechanism for providing flexible services as well as quality of
services. This information can be utilized to create smarter
environment to achieve the challenges like monitoring and
collecting the data, assessing and evaluating the information,
formulating meaningful information, and performing decision
making [7].
The objective of this work is to design and analyze the
context aware data aggregation in DSNs for handling tradeoffs i.e. trade-offs between the different objectives such as
energy consumption, aggregation time, routing overhead, and
throughput, improving quality of service of the data
aggregation protocols in terms of bandwidth and end to end
delay.
The rest of the paper is organized as follows: Section II
presents an overview of related work. The proposed work is
discussed in Section III. Simulation and results analysis are
presented in section IV and finally we conclude the proposed
work in section V.
II. RELATED WORK
Some of the related works are as follows: The work given in
[8] presents a grid based data aggregation (GBDA) for WSNs.
In this paper, the grid is divided into number of grid cells in
the WSN environment for minimizing amount of data
transmitted to the base station. In this work, data is aggregated
at each grid cell heads and resultant data is send to the base
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station. The proposed scheme also performs data aggregation
for each cell heads in the chain except both end nodes and
reduces data transmissions to the base station.
The work given in [9] discusses context aware routing
protocols used in DSN. In which routing techniques are used
to implement in different applications. The paper [10] presents
a routing in WSN. In this work, wireless sensor networks are
formed by small sensor nodes communicating over wireless
links without using a fixed network infrastructure. Different
geographic routing strategies are described as well as beacon
less routing techniques.
The work given in [11] presents a generic framework for
context-aware routing and its implementation in WSNs
including the message flow as well as the route decision
method. The framework is not limited to a single application
domain, but it is a generalized approach that can be adapted
and specialized for various application domains. According to
[10], DSN are designed for many monitoring and surveillance
tasks. It discusses about routing framework in WSN to aware
of environmental monitoring.
The work given in [12] presents a data aggregated
maximum lifetime routing scheme for WSNs. In which
address the problem of jointly optimizing data aggregation and
routing. A recursive smoothing method is adopted to
overcome the non-differentiability of the objective function.
Derive the necessary and sufficient conditions for achieving
the optimality of the optimization problem and design a
distributed gradient algorithm accordingly.
The work given in [13] describes that, in WSN efficiently
disseminating data from a dynamic source to multiple mobile
sinks is important for applications such as mobile target
detection and tracking. Some of the related works are given in
[14] [15] [16] [17] [18] [19].
The contributions of the proposed scheme are as follows:
(1) Context information are gathered from different context
manager nodes (sensor nodes) as well as generated at sink
node. (2) Forest scenario or environment is monitored using
proposed method for identifying the location of fire attack. (3)
Used context manager nodes to perform several tasks that aid
the information processing, data gathering, data aggregation,
and data dissemination etc., in asynchronous fashion. (4)
Based on context, low or high fire detection in employed. (5)
Data gathering and dissemination from active sensor nodes.
(6) Two level of data aggregation process to eliminate the
redundant data more efficiently: local aggregation (context
manager nodes) and master level aggregation (sink node
level). (7) In which, context is in emergency level, data is
disseminated to target area, and (8) Finally, simulated the
proposed scheme to test the operation scheme in terms of
performance parameters for the proposed model.
III. PROPOSED WORK

base node or sink node. In the proposed work, context aware
data aggregation scheme is evaluated by considering forest
scenario. The numbers of sensor nodes are deployed randomly
in heterogeneous DSN environment. The network is divided in
to number of clusters namely, CN = C1, C2, C3,..... CN. In
which number of context types were considered namely
temperature aware, energy aware, air pressure aware, and
object ware contexts. In each clusters, cluster head (CH) is
elected based on highest energy among the nodes. CH is used
to monitor the status of the clusters of the DSN environment in
terms of temperature, energy of each sensor nodes, air
pressure in the cluster, and objects in the clusters. CH nodes
are used to collect relative information from the respective
clusters from its members for efficient data aggregation
process. This section presents network environment and
functioning scheme for data aggregation.
The Fig. 1 shows the network environment for the
proposed work. The proposed system model consists of set
distributed sensor nodes that are deployed randomly with
diversified sensing competence and sink node in DSN. The
network is divided into number of clusters. Each cluster
comprises of set of contexts. All the CHs collect the following
information:
 To collect the temperature of cluster by using its cluster
member nodes. CH aggregates the data.
 To collect energy information of each node of its cluster.
CH maintains the information of energy level of each
node.
 To collect the information of objects from the cluster in
the form Boolean attributes. There may or may not be
objects in the cluster. i.e., TRUE or FALSE.
 To collect the air pressure information in the cluster by
the sensor nodes. Air pressure differs in every fraction of
seconds, this random information is maintained by CH.
The operation sequence of proposed system model is as
follows: (1) Placing of CH node in each cluster for
monitoring, (2) the two levels of aggregations take place in
this work namely one is aggregation at each CH (local
aggregate) and another is aggregation at the sink node level
(master aggregate), (3) sink node takes action upon receiving
the information from CH manager nodes for data
dissemination. (4) Master aggregator analyzes the data, and
based on the values, it decides the context whether it is in
emergency level or in non-emergency level of context by the
sink node, and (5) sink node takes the action upon receiving
the information from the sensor nodes in DSN.

The proposed context aware data aggregation (CADA)
inspired routing protocol which shows enhanced performance
in terms of energy utilization, routing overhead, throughput,
and time taken for data aggregation, the schemes by
transmitting the aggregated data from the sensor nodes to the
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{Area = 5000* 5000 meter, SN = 100 to 500 nodes, CN =
number of clusters, Sid = Sensor ID, Es = energy of sensor
node, TR = Transmission Range, Nb = Bandwidth of the
Network, Temperature (T) = min-20°, max-100°c, AirPressure (AP) = Nm-2, Transmission Range (TR) = 200m,
number of sink node (NS) = 1, H = High, M = Medium, L =
Low, σ = Air Density, p = Absolute Pressure, RSpecific =
The specific constant, and GPS = Global Positioning System}
Begin
1. Deploy number of nodes in an environment
randomly;
2. Configure the DSN with Sid, ES, TR, GPS, and Nb;
3. The DSN is categorized into number of clusters;
4. Select the CHs Nodes in each clusers;
5. Proposed protocol CADA is used in the data
aggregation process is as follows: Let „β‟ is the data
aggregation factor at CH nodes in each clusters, „δ‟ is
the resultant aggregation factor in each cluster is as
follows:
Fig. 1. Network Environment.

The CHs and Sink node maintains the Node Knowledge Base
(NKB). This knowledge base is read and updated by the
sensor nodes or CHs. NKB comprises of Sensor node id,
active mode/sleep mode, emergency level, previously
aggregated data, set of critical data, bandwidth information,
number of cluster member node, the number of CHs, number
of clusters, sink node information, and location of the node.
The sensor node senses the data and updates the NKB. The
detail view of NKB is shown in table 1.
Table 1: Node Knowledge Base

The AP information is handled by CH node,
which is calculated by using following equation.

σ
Therefore,
AP α T
6.

7.

A. Functioning Scheme: Proposed Algorithm
Nomenclature:

CHs are send the aggregated data (Temperature (δ1),
Energy (δ2), Object Aware (δ3), and Air pressure
(δ4)) to sink node;
The MA at the sink node, „µ‟ is the resultant MA
factor, „β‟ is the aggregation factor for the cluster
data is computed by using the following equation.
Therefore, sink node decides the emergency level or
non emergency level of context in DSN.

Then,
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µ=

if(T ≥ 100 && AP = H && Object = True
if(T ≤ 100 && AP = M && Object = True
Where,
if(T ≥ 30 && AP = L && Object = True

{

.
8.

9.

The sink node decides the level of context based on
the value of „µ‟, whether high emergence level
cluster or medium emergence level cluster or nonemergence level cluster in the network.
If the sink decides the emergency levels, then sink
node broadcast the data to the targeted clusters.

End
IV. SIMULATION
The simulation of the proposed scheme is simulated by using
„C‟ programming language. The proposed scheme has been
simulated in various network scenarios. Simulations are
carried out extensively with random number for 1000
iterations. This section presents the simulation model,
simulation procedure, performance parameters, results and
discussions.
A. Simulation Model
The simulation model consists of ‟N‟ number of sensor nodes
deployed randomly in a distributed environment. Simulation is
done for ‟SN‟ (SN=100) sensor nodes used to measure the
performance parameters such as energy utilization,
redundancy ratio, time taken for data aggregation, and routing
over head.
B. Simulation Procedure
Table 2 presents the simulation parameters considered for
analyzing the scheme.

The following parameters are used to measure the
performance of the proposed scheme:
1) Energy Utilization: As the number of rounds
increases, there is decrease in the energy of sensor
nodes in DSN.
2) Redundancy Ratio: It is the ratio of size of resultant
redundancy data (after aggregation) to the total size
of the data and is defined as follows:
Redundancy Ratio = Size of resultant redundancy
data / Total size of the data
3) Time Taken for Data Aggregation: As the number of
nodes increase, aggregation time also increases in
DSN. It is measured in terms of ‟mseconds‟.
4) Routing Overhead: As the number of nodes increase,
the routing overhead also increases for dissemination
of data in DSN. It is measured in terms of percentage
(%).
D. Results and Discussions
Fig. 2 presents the energy utilization for sensor nodes in each
round. As the number of rounds increases, the energy of each
node decreases in DSN. The maximum energy of each node is
considered as 20J in DSN. If the energy is less than the
threshold level energy, then node is sent to sleep mode in the
network.

Table 2: Simulation Inputs
Parameters
Length
Breadth
Number of Sensor Nodes
Sensor node Transmission range
Initial Energy of sensor nodes
Size of packets
Energy required for sensing of data
Energy required for transmission of
data
Threshold level energy
Number of Sink Node

Notations
l
b
SN
TR
IE
SP
ES
ET

Values
5000 meters
5000 meters
100 – 500 nodes
200 meters
20 Joules
32, 64, 128, 256,
512, 1024 Kbytes
50nJ/Bit
50nJ/Bit

THLE
SN

0.05J.
1

Simulation procedure involves following steps:
Begin
1) Deploy the number of sensor nodes in DSN randomly;
2) Initialize the sensor node properties;
3) Initialize CH node in each clusters;
4) Apply the data aggregation algorithm;
5) Compute the performance parameters;
End

Fig. 2. Energy Consumption Vs. Number of Rounds.

Fig. 3 presents the redundancy ratio for sensor nodes in
DSN. As the number of sensor node increases in DSN
environment, the redundancy ratio increases. As compared to
non-context aware system, the proposed scheme performs
better in redundancy ratio because numbers of sensor nodes
are configured with temperature, air pressure, object aware
and energy aware contexts in DSN.

C. Performance Parameters
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Fig. 3. Redundancy Ratio Vs. Number of Nodes.

Fig. 5. Routing Overhead Vs. Number of Nodes.

Time taken for aggregation among with number of nodes
is shown in Fig. 4. As the number of nodes increase, the time
for data aggregation also increases in DSN. In this work,
sensor nodes are configured with different contexts. Hence
context used reduces the time for data aggregation since the
data is gathered according to the requirements in the network
although the redundancy ratio is less.

Fig. 6. Throughput Vs. Number of Nodes.

V. CONCLUSION

Fig. 4. Time Taken for Data Aggregation Vs. Number of Nodes.

Fig. 5 shows the routing overhead with number of nodes.
As the number of sensor nodes increase, routing overhead
increases in dissemination of data because of increase in the
number of nodes that creates the complexity in the network.
For network with less number of nodes, the dissemination rate
is high. The proposed scheme uses less number of routing
overhead as compared with non context aware system.
Fig. 6 shows the throughput of the network. As the
number of sensor nodes increase, there is gradual decrease in
the throughput of the data disseminated by the sink node
because of congestion in the network. The proposed scheme
performs better throughput, as compared to non context aware
system since all the sensor nodes are configured with different
types of contexts in DSN.

In this work, the proposed a CADA protocol is used to
aggregate the context data at two levels and then sink node
disseminates the data to the targeted node. The proposed
model considers the context information such as temperature,
air-pressure, energy, and object aware contexts. The proposed
model is efficient for identifying the location of fire attack in
the forest. The proposed model is evaluated by comparing
with performance parameters like aggregation time,
redundancy, routing overhead, throughput, and energy
utilization. A simulation result shows that context information
of our proposed system is more efficient than results without
context.
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