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Abstract. The Wireless Sensor Network (WSN) is a widely developing field
which provides many solutions to real-world problems (in various aspects of life).
In this paper, monitoring process of the agricultural field by the sensor nodes has
been discussed. The sensor node continuously monitors the crop and collects the
data, then passes it to the Base station with the help of the Cluster Head (CH). The
Cluster head is responsible to collect all the data from the sensor nodes. Collected
data passes through multiple cluster heads to reach destination and we create
topology among the cluster heads with the help of location information passed by
every cluster head along with the data. If more number of shortest paths in the
network passes through a cluster head and if it is an Articulation Point (AP) then
there is a risk of network partition. So the articulation point must be less in the
network, at the same time the between-ness centrality of the cluster head must be
more. If cluster head is an articulation point then there will be a huge network
failure. To overcome this problem, the cluster head has to be changed dynami-
cally by finding the next between-ness centrality in the cluster region of a net-
work. By using this mechanism, the energy consumption of the network can be
reduced, the lifetime of the node can be increased, and the clustering efficiency
and throughput is also comparatively increased.

Keywords: Location aware routing * Articulation point -
Between-ness centrality - Cluster head

1 Introduction

Today’s Wireless Sensor Network (WSN) plays a vital role in the field of agriculture. It
is one of the major technologies which are widely used to improve the crop produc-
tivity and quality at the lowest cost. A wireless sensor network in an agricultural
environment comprises integrated sensors deployed in the area of the farm land. These
sensors cooperate with each other to perceive and monitor real-time soil and weather
information. Continuous monitoring of the environment is essential to know the status
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or condition of the environment. The monitoring process of the WSN is an important
part with which one can get a continuous update of the entire scenario of the appli-
cation. From the hardware part of the WSN nodes, this work includes all senses
environmental conditions to the software interface that displays the monitored data.
This monitoring process helps more in the applications such as air pollution moni-
toring, industrial sewage monitoring, agricultural field monitoring, etc. In this case, for
example, an agriculture field has to be monitored in order to help the crop for its
healthy growth. The nutrient content of the crop such as water, minerals, soil texture,
temperature, micro and macro nutrients is monitored so that the farmers can have a
regular update of the crop’s conditions and will be able to help the crop to grow in a
fertilized manner.

Here, in the monitoring process of the agriculture field, the hardware part of the
wireless sensor networks such as the sensor nodes or motes plays an important work of
sensing the crop’s condition. The sensor nodes are randomly distributed in a field that
continuously receives the information from the crop, as the sensors are distributed in a
form of clusters, the cluster heads are assigned to each and every region of clusters. In
the existing system, the Low-Energy Adaptive Clustering Hierarchy (LEACH) protocol
is used to collect the data from the nodes. The Cluster Heads (CH) are responsible to
collect the data from the sensor nodes and then it aggregates those data into a single
signal to pass the data to the sink. In this process, if a sensor node fails to send the
monitored data to the cluster head due to the presence of the articulation points in the
network, which will cause network partition and through which the data will not be
able to pass on to the farmer. This may mislead the farmer to be ignorant of the issue
that has been caused in the particular region and without the knowledge of the farmer,
the crops which are planted in that particular area are lost without any proper nutrition.

Hence, remaining of this work is followed as: Sect. 2 discusses literature related to
this work. Section 3 discusses our proposed work with topology construction and about
needs of articulation point. Then, Sect. 4 discusses the process of cluster head
changing. Further Sect. 5 discusses simulation parameters with results and in last, we
conclude this work in Sect. 6 in brief.

2 Literature Survey

In the past decade, several researchers have given/discussed their ideas regarding crop
protection using several approaches. Abouzar et al. [1] proposed RSSI-based dis-
tributed Bayesian localization algorithm based on message passing to solve the
approximate inference problem in the sensor networks. But it fails due to require high
power efficiency, high computational scalability. Further in [2], Ssu et al. proposed a
range-free localization scheme (work with mobile anchor points). Each anchor points
equipped with the Global Positioning System (GPS) moves by the sensing field and
broadcasts its current position periodically. But it fails due to privacy issues. Further,
Chen et al. [3] proposed an analytic localization algorithm via utilizing radical centers.
But this scheme also does not work efficiently due to high overhead. Together this in
[4], Mahlein et al. proposed a technique, i.e., in this near-range and remote sensing
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techniques have demonstrated a high potential in detecting diseases and in monitoring
crop stands for sub-areas with infected plants. But unfortunately, this technique also
fails due to scalability issues.

Later in [5], Han et al. proposed that if the users cannot obtain the accurate location
information; the related applications cannot be accomplished. The main idea in most
localization methods is that some deployed nodes (landmarks) with known coordinates.
The localization algorithms (are two types, i.e., Range-based and Range-free) does not
work efficiently due to having high number of unknown nodes in its process. Further,
Anisi et al. [6] discussed the energy consumption of the sensor nodes as the main issue.
The aim of this paper is to classify and describe the state-of-the-art of WSNs and
analyze their energy consumption based on their power sources. This work also fails
due to its direct impact on the lifetime of the network. Further in [7], Santos et al.
proposed an approach using wireless sensor networks and control system for crop
spraying. Through computer simulations, wireless sensor networks is shown to be
useful in crop spraying operation to minimize and to control pesticide drift, to improve
the quality of application, to reduce environmental contamination and to save time and
money. Further, Qing et al. [8] proposed a new distributed energy-efficient clustering
scheme for heterogeneous wireless sensor networks (known as DEEC). The simulation
results show that DEEC achieves longer lifetime and more effective messages than
current important clustering protocols in heterogeneous environments. But, this scheme
also fails due to having longer lifetime of nodes.

In [9], Krishnamachari et al. also proposed an approach, i.e., autonomous systems
with severe energy constraints (wireless sensor networks are often unattended) and
low-end individual nodes with limited reliability. Theoretical analysis and simulation
results show that 85-95% of faults can be corrected using this algorithm, even when as
many as 10% of the nodes are faulty (a weakness). Further in [10], Rault et al. pre-
sented a top-down survey of the trade-offs between application requirements and
lifetime extension that arise when designing wireless sensor networks. Further, Sibley
et al. [11] presented an extensive field-scale validation testing of the system’s Nitrate
Extraction and Measurement Sub-Unit (NEMS) in two crop (wheat and carrot) pro-
duction systems. This approach was not more useful due to its lengthy process. He
et al. [12] presents APIT, a novel localization algorithm that is range-free. This scheme
performs better when an irregular radial pattern and random node placement are
considered. This scheme requires low communications overhead, but could not
achieve. Further, Hong et al. [13] discussed a localization algorithm necessary for
building small-sized network’s position reporting system using wireless sensor net-
work. Unfortunate, this scheme also fails due to having static nature of (using) sensor
nodes. Further, Jiang et al. [14] discussed about the monitoring system of an orchid
industry (established in Taiwan) which produce large-scale orchid greenhouses to
achieve high-precision cultivation of orchids (especially for Phalaenopsis). Wireless
Sensor Network (WSN) is an important technology for effectively acquiring environ-
mental parameters (in real-time). However in this, the mobile benches equipped with
different sensors used in an orchid greenhouse create a problem of susceptible dynamic
network topology. In last in [15] Karbasi et al., the problem of localizing wireless
devices (in an ad- hoc network) embedded in a dimensional Euclidean space is con-
sidered. But when the positions of the devices are unknown and only local distance



Precision Crop Protection Using Wireless Sensor Network 283

information is given, we need to infer the positions from these local distance mea-
surements. This problem is particularly challenging when we only have access to
measurements that have limited accuracy and are incomplete.

Hence from above literature, we reached to a conclusion that no approach provides
sufficient results. Now next section will discuss our purposed work in detail.

3 Proposed System

In order to protect the crop from such issues and problems certain measures has to be
taken in such a way that the crops are monitored without any interruption of the
articulation point in the network. For this issue, first and foremost using an existing
protocol the sink node constructs a topology of an undirected graph and finds the
position of all the nodes that are randomly distributed, then it also checks whether if
this articulation node exists in the network or not. If yes, then number of data packets
forwarded through the articulation node to the sink node. According to the identified
articulation points the cluster heads can be changed dynamically. Secondly, using an
existing algorithm for the articulation point of the distributed sensor nodes, the eval-
uation can be obtained from the between-ness of all the neighboring nodes. Here, the
shortest path from one vertex of the node to all the other nodes is determined by
broadcasting a request packet from source to destination. If the entire shortest path
passes through the same edge then it is clear that it is the center node of the network
where all the data packets are transmitted to the sink. The center node can also be the
Cluster Head (CH), if in case all the data packets are overloaded in the center node.
Then next center node can be determined by finding the shortest path as before. Thirdly
the cluster head can be changed dynamically with the help of the matrix generated by
the previous graph, i.e., drawn. The centrality of the cluster head is determined by
calculating the between-ness of the each node in the graph. By evaluating all the
centrality of the node in the shortest path of the entire graph, the cluster head can be
changed automatically when it faces overload of data packets or if the energy goes low.

3.1 Topology Construction

Topology construction is a mechanism which helps the wireless sensor networks to
increase its lifetime and to conserve the energy of the each sensor node. The topology
of a sensor network has to be constructed in such a way that the sensor nodes do not
face any overheads. Then each node will know its nearby node’s position, the same
way the next hop node will know its surrounding node positions. For example, consider
the undirected graph given below.

The node A knows the position of its neighboring node B and C which are directly
connected to it, then the B node knows the position of its surrounded neighboring node
D and F. Now the node D will know it’s surrounded neighboring nodes B, C, F and G
as shown in Fig. 1. The graph is constructed by passing the request message to the
destination node as explained in Algorithm 1. The destination node will receive the
request message from all the directions of the neighboring nodes. The destination node
will wait for certain period of time, until it receives all the request messages. Once the
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destination receives the request message, it finds the shortest path to the source node in
order to send the response message back to the source node. Using these request and
response messages the graph is constructed to help the nodes to communicate with the
cluster head.

Fig. 1. Topology construction

Algorithm 1: Algorithm for Topology Construction

Step 1: Request packet is broadcasted to all the sensors in the region

RREQ => Broadcast (ID, IP address)

Step 2: The location of each node is identified

Step 3: Once all the request packets reach the destination node, it broadcasts the
response packet back to the source node.

RREP => Reverse path (ID, IP address)

Step 4: Based on the RREQ and RREP the topology is constructed.

3.2 Finding Articulation Point (AP)

Once, after the topology of the sensor network is constructed, the articulation points in
the network should be identified.

The articulation point is a vertex in the undirected graph that connects the graph
mostly at the center part. If this vertex is removed or any failure occurs, there may be a
loss of connectivity within the nodes that are directly connected to it. This may cause
network partition of the topology constructed. Due to the network partition, the one end
of the sensors will not be able to communicate with the other end of the sensors in the
region. Using the existing Depth First Search (DFS) algorithm the articulation point is
determined as in Fig. 2, the number of shortest paths in the graph is identified, and then
the centrality of the each node is examined. The point in the network, which has
number of edges passing through the same center point, will be an articulation point or
the critical node. All possible shortest paths in the network are identified, then the total
number of shortest paths can be determined. After determining the total number of
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shortest paths, the edges of the each node in the network is evaluated. The between-
ness among the nodes in the shortest path is evaluated, i.e., the number of data
transmission that passes through the same particular shortest path can be identified.
Based on this evaluation the articulation point is determined. The destination node in an
adjacency matrix collects the node and edge details of the graph.

——» TREE EDGE

————— + BACKEDGE :
o/o

Fig. 2. Finding articulation point using a graph

The graph shows the nodes in a particular cluster region. The articulation point in
this graph is found using DFS algorithm with certain conditions such as:

i. The root is an articulation point if and only if it has more than one child.
ii. Any other vertex v is an articulation point if and only if v has some child w such

that low(w) > num(v).

Here, for node 5, num(v) is 3 and low(w) is 3 which satisfies the condition,
low(w) > num(v). Therefore, node 5 is an articulation point.

4 Cluster Head Changing

Cluster Head is an important node in each cluster region. The Cluster Head commu-
nicates with each and every node in the cluster. CH is responsible for all the nodes in
the cluster, so it sends and receives information from each node. It works as a tem-
porary base station in the cluster region, once after it collects the data from the nodes, it
sends those data to the sink node. In this process, if the Cluster Head is an articulation
point, then it would be at a risk of network partition.

In order to overcome this problem the cluster head has to be changed dynamically
using the method of between-ness centrality which is explained in algortihm 2 as in
Fig. 3. Between-ness centrality is the measure that determines the vertices in the net-
work that lies in the path of the other vertices. Note that the cluster head must have the
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Fig. 3. Dynamic changes of cluster head

higher between-ness centrality. So it will be easy for the other cluster members to
communicate with the cluster head. The between-ness centrality of the node is mea-
sured using the expression:

g(v) = Z#v# ost(v) / ost

Where ost is the total number of shortest path from the source s to destination .
And ost(v) is the number of paths which passes through the node v.

Algorithm 2: Algorithm for Dynamic change of Cluster Head
Step 1: Find the between-ness of articulation when the current node is the
destination,
Step 2: If the number of nodes uses the same edge to transmit the data packets and
if it is an articulation point, change the cluster head or else do not change,
Step 3: To change the cluster head, find out the node which has, the more
between-ness centrality excluding the articulation point.
f(BC=AP=1)
{ “Change Cluster Head” }
Else If (BC=AP #1) {
“Don’t Change Cluster Head” }
Where BC is Between-ness Centrality and AP is Articulation Point.
Step 4: If the cluster head is a destination node, it will be easy for all the nodes to
send the data packets.
Step 5: The destination node must not be an articulation point, so the cluster head
must be changed dynamically by finding out all the possibility of between-ness
centrality in the network.

Hence this section discussed essential work like cluster node changing, etc. needed
for our proposed work. Now next section will deal with simulation results.

5 Simulation Parameters and Results

The simulation of this work is carried out with the NS-2 simulator (an open-source
simulation tool). The parameters for the simulation are taken as a sample for analyzing
the energy consumption of the network to get the throughput of the existing and the
proposed system.
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The energy parameter is measured using the unit of Joules (J). Each node is
measured to determine the energy consumed by them in the network. The same way the
clustering efficiency is also determined to know the efficiency of clustering the each
region in the network. The efficiency of clustering is measured between the existing
and the proposed system. The articulation point is determined by generating the node
positions and their required values with the help of NSG 2.1. The parameters (listed in
Table 1) are used to get the simulation results more accurately/ performance evaluation
of our proposed system.

Table 1. Simulation parameters

Parameters Values

Simulation Round 500

Network Size 100 x 100

Number of nodes 350

Initial node power 0517

Nodes Distribution Uniform Distribution
Data Packet size 4000 bits

Energy dissipation (Efs) 10 * 0.000000000001 J
Energy for Transmission (ETX) | 50 * 0.000000000001 J
Energy for Reception (ERX) 50 * 0.000000000001 J

5.1 Energy Consumption of Node

The energy consumption is the amount of energy that is consumed during any process
of mechanism; the energy may be of any kind in the system. Here in this work, the
energy is considered from the number of nodes present in the region of each cluster.
The graph is plotted in order to measure the energy consumption of each node in the
network. Using approximately 350 nodes for sample analysis, Fig. 4 shows that our
proposed approach is more energy saving in compare to existing approaches.

5.2 Clustering Efficiency

Clustering is the process of grouping the objects of the same or similar kind. The
efficiency of clustering in the network is determined by the number of sensors in the
network. Hence, our approach shows high clustering efficiency in compared to existing
approaches as represented in Fig. 5.

5.3 Draining Speed

Due to the energy consumption of the nodes in the network and the task performed by
the nodes, the energy of the each sensor drains faster. This draining speed in the
network is calculated by the number of sensors present in the network. Figure 6 shows
that our proposed approach achieves low draining speed with comparing of existing
approaches.
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5.4 Evaluation of Alive Node Count

The number of alive nodes is counted based on the number of nodes present in the
network. During the transformation of the data between nodes, it is necessary to check
whether the node is alive or not. The nodes which are alive send messages to the
neighboring nodes to intimate that it is still alive. Figure 7 shows that in our proposed
approach, alive node count is more efficient when compared to the existing system. The
alive node count is accurate.

5.5 Network Life (with respect to time)

Network Life-time is an important component for a network. If the life of a network is
more, it will be highly reliable and will also have good performance level. Figure 8
shows that the network life-time for our proposed approach is more when compared to
the existing approaches.

5.6 Throughput Evaluation

The throughput is a measure of the transmitting rate of data from the source to the
direction. Figure 9 shows that our proposed approach achieves a higher throughput
than existing approaches. Hence, this section provides several results (in detail) with
discussing several parameters used in our proposed work. Now next section will
conclude this work in brief with some future enhancement.
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6 Conclusion and Future Work

This work constructs a topology to reduce the energy consumption and to improve the
capacity of the sensors. The articulation points in the network are determined in order
to prevent the network partition, and then the between-ness centrality of the network is
determined. Finally, the Cluster Head (CH) of the each cluster region is changed
dynamically to overcome the problem of network partition. Also our proposed
approach reduces the energy consumption, including improves the clustering effi-
ciency, life-time, and throughput of the network. The future work can be considered in
certain issues such as reducing the draining speed of the nodes in the network; also can
consider improving the throughput ratio even more.
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