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Nowadays, Wireless Sensor Networks (WSNs) play a vital role in agricultural field
for improving growth rate and to reduce the resource utilization like water, manpower,
etc. WSNs are used to monitor the environmental conditions of the agricultural field to
achieve the automatic irrigation for the different plants in large areas of agricultural land.
WSNs include a number of inexpensive energy constrained in sensor nodes, which col-
lects the environmental data from large scale agricultural land and transmit the data to
the base station. The network lifetime and Quality of Service (QoS) should be improved
in agricultural WSN for better performance. For achieving this, the node power con-
sumption should be reduced. By introducing clustering technique for the nodes in the ag-
ricultural field, it is observed from the simulations, that the energy consumption is re-
duced to a considerable amount thereby increasing network lifetime. The cluster for-
mation is done based on neighbor node and residual energy, which overcomes the draw-
backs such as network early dead, excess energy consumption, poor efficiency in packet
delivery, link stability problem, etc., The simulation results shows that the proposed al-
gorithm gives better performance in terms of Packet Delivery Ratio (PDR), throughput,
energy consumption and network lifetime. Hence, it is understood that it is more suitable
for large scale WSN installed in agricultural lands.
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1. INTRODUCTION

India is a highly populated country and having agriculture as a main sector for over-
all growth of the people. The scarcity of water for agricultural activities is one of the
major problems in the country. For efficient water management, the irrigation should be
automated by monitoring the environmental parameters of the agricultural field. The ag-
ricultural land has some important physical parameters like water level, sun light, tem-
perature, air humidity and soil moisture. The parameters are needs to be continuously
monitored for efficient utilization of resources but it is a tedious process in large scale
agricultural lands. Hence, sensor nodes are placed in various places on field to collect the
real time data and send to the agriculturalist through remote server. These real time data
are used to control the water irrigation for the agricultural land. Fig. 1 shows the wireless
agricultural sensor networks for monitoring the parameters and data transmission. WSNs
are used in various applications such as environmental monitoring, industrial monitoring,
diagnostics, infrastructure protection, battlefield awareness and context-aware computing
[1]. WSNs have number of sensors called as nodes or motes and these nodes are used to
sense the physical parameters of agricultural land for a long time. Energy efficient utili-
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zation is a key premise in order to increase the lifetime of WSNs. Another important
quality required for WSNs is that to have a rapid query response for sensing and sending
data from remote locations to base station [2, 3]. The low cost wireless monitoring net-
work helps to control the irrigation in agricultural lands [38].

Node 2 A Gate way
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Fig. 1. Wireless agricultural sensor networks.

Real time environments offer numerous challenges to WSNs such as channel fading,
interference, radio abnormality and multipath propagation. These challenges tend to
complicate the design procedure further. Energy competence, reliability, QoS and secu-
rity are some of the important parameters that determine the effectiveness of the W SNs.
The WSNs are most involved in crop monitoring with video surveillance where the sen-
sor transmits sensed data such as soil salinity, PH, temperature and moisture level to
farmers’ cooperative through the crop gateway by using 802.15.4 and internet [33]. The
scalability problems in this type of networks are solved by clustering technique, which
increases the overall network lifetime thereby reducing the energy consumption. Howev-
er, it is very crucial to resolve the number of mandatory cluster heads and satisfy the cost
of desired level of coverage to the entire WSNs. Clustering is the significant task of
grouping the sensor node with neighbor sensor nodes. Each cluster has one cluster head,
which controls all the functions of cluster members within a cluster and forward the
packets to the BS [4]. Residual energy in the node plays an important role in electing the
cluster head [5]. Network clustering and sensor scheduling increases the network lifetime
and also it minimizes the node energy consumption [6].

The precision irrigation using the autonomous Wireless Sensor Agricultural Net-
works (WSAN) based system has the soil specific sensors for collecting real time infor-
mation about soil and environments [29]. These collected data send to remote station via
IEEE 802.15.2. The sensor node energy optimization is mostly required to extend the
lifetime of agricultural WSN. The wireless integrated frequency domain soil sensor is
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used to monitor the paddy field. This soil sensor measures soil moisture content and wa-
ter depth and able to send the collected data to a remote station through IEEE802.15.4.
The sensor node continuously provides reliable information about paddy field with min-
imum battery power [30]. The various real time parameters are monitored using RFID
and Quick Response codes in [41] are implemented through WSN for irrigation man-
agement in agricultural land. From the literatures, as far as we have analyzed, no one
have concentrated on implementing the clustering for an agricultural field in order to
improve the performance. Hence an efficient deployment of nodes based on clustering is
detailed in this paper. This paper is organized as follows: Section 2 presents the related
works of WSN in agricultural monitoring and the clustering methods used to improve the
network lifetime and QoS. Section 3 explains the proposed clustering protocol for agri-
cultural monitoring WSN. Section 4 describes the experimental details and simulation
results. Finally, we conclude the paper in Section 5.

2. RELATED WORK

The wireless sensor networks are designed to improve the growth rate by monitor-
ing and controlling the environmental data such as temperature and humidity in green
house management system. It also monitors the crop diseases and crop productivity
through measuring the leaf temperature and humidity [31]. The communication module
Zigbee is used in WSN which covers small agricultural area monitoring. The environ-
mental data like illumination, temperature, humidity are continuously monitored for im-
proving quality of crop productivity [32]. In [34] the author introduced WSNs with four
types of sensor motes which include soil moisture motes, environmental motes, water
level motes and gateway motes, where each sensor node is connected to one another
through 802.15.4. The soil moisture motes are used for measuring the temperature, salin-
ity and soil moisture content, the environmental motes for relative humidity and temper-
ature, the water level motes for electrical conductivity and water temperature. The gate-
way motes are used to transmit the collected data to a central computer. The sensor node
periodically transmits the sensed data to BS and stored in its database. The Graphical
User Interface will read the data from a database which visualize them graphically and
also shows the node’s location with the help of Google map. A web application based
automated irrigation system is detailed in [35] uses WSN to monitor and control the ag-
ricultural irrigation by sensing the soil moisture and temperature in remote land. A re-
mote terminal unit collects the soil moisture data, field temperature and humidity from
different fields which are sensed by TDR-3A sensor and then sent through the gateway.
The SCADA server system analyzed and compared the real time field data with reference
values and issue the corresponding control signal to the NPN transistor based controlling
relay to close or open the solenoid valve [36]. In [37] the author proposed a wireless
sensor network based pesticide drift controlling to reduce the environmental contamina-
tion and monitor after and before the spraying. The sensor networks provide necessary
information to crop spraying support and control system to measure the environmental
conditions like humidity, temperature and wind speed. This information can be used to
evaluate the moving path of the spraying vehicle, analyze the crop spraying quality
through measuring the deposition of pesticide over the crop leaf. In agricultural monitor-
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ing and controlling systems, the WSN plays an important role. For energy efficient node
deployment in agricultural WSN, the clustering approaches are used as a technique for
electing cluster heads with high residual energy and periodically rotate the cluster heads
for maintaining the balanced energy consumption throughout the entire network thereby
prolonging the network lifetime. In [39] the authors describe various routing protocols
and selection of a particular protocol for wireless sensor network application. In [7] the
authors proposed a distributed clustering protocol LEACH (Low Energy Adaptive Clus-
tering Hierarchy). It is a self-organizing cluster formation protocol, which uses distribut-
ed algorithm to form a cluster that means the cluster head and non-cluster head (cluster
members) are in one hop transmission range. In LEACH protocol, the threshold value
has been calculated as

Uy (1)
m —[rmod m]

Where, r is the index of the current round, m is the expected number of sensor nodes

in each cluster m = %, N, denotes total number of sensor nodes, CH is the total ex-
pected number of cluster heads. HEED (Hybrid Energy-Efficient Distributed clustering)
[8], LEACH and LEACH-C, protocols are not suitable for sensor nodes deployed in a
large network region and leads to more control overhead, redundant message, acknowl-
edgement packets and more retransmission. In [9] the authors developed a load balanced
clustering algorithm on the basis of their distance from the base station and density of
sensor node distribution for wireless sensor network. The authors [10] proposed the en-
ergy aware clustering algorithm EADC and cluster based routing to provide a load bal-
ancing among the cluster head. In CBR, the cluster head not only receives data from its
cluster member nodes by direct hopping, but also collects data from other sensor nodes
when it is from other clusters [11].

In cluster based routing protocol, the cluster head consumes more energy than other
nodes, so the cluster head drain their battery energy very quickly, which leads to link
break that diminish the network lifetime and network efficiency [12]. In [13] the authors
proposed a Link-Aware Clustering Mechanism (LCM) for Energy-Efficient Routing in
Wireless Sensor Networks. The authors [14] proposed Cluster head Gateway Switch
Routing (CGSR) protocol. Least Cluster Change (LCC) algorithm is used to form a clus-
ter and distributed algorithm elects the cluster head in WSNs. These protocols use gate-
way nodes in the routing path. The cluster gateway locates the common node of the
communication range of two or more cluster heads and it reduces the workload of cluster
head by avoiding a direct hopping between the cluster head and provides high link stabil-
ity, reliable path between the cluster head. In [40] the authors proposed Scalable Energy
Efficient Clustering Hierarchy (SEECH) protocol for saving node power in distributed
wireless sensor networks during the real time monitoring and data collection in smart
space and large scale environments. In [15] authors proposed a positioning system based
on landmark graph and two tier wireless Received Signal Strength Information (RSSI)
for finding the current position of the sensor node. The authors [16] proposed a method
using local information and neighbors aggregated up through the spatial boundary for-
mation, which create the global topological information about the sensor spreading re-
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gion. The authors [17] discussed about the routing through asymmetric links to reach the
destination with assured packet delivery rate with minimum control overhead for wire-
less heterogeneous sensor networks.

Many protocols are constructed to minimize battery energy consumption by reduc-
ing the active time of the sensor nodes. In order to reduce the collision and redundant
packet transmission, overhearing of request and acknowledge messages are avoided [18].
The energy required for transmitting and receiving an ‘/” bit message is determined by
using Radio Energy Dissipation model that is also called as radio model [7, 19-22]. The
total energy consumed by each node is calculated as the sum of transmitted and received
energy for all data and control packets. The transmitting and receiving cost of ‘I’ bit
messages through a distance ‘d” between the transmitter and receiver can be calculated as

(P><l+eum xlxd“) .

E = : 2><1p06 (joules), (2
Pxl .

E = Y 10° (joules). (3)

Now, E, and E, are the transmitting and receiving energy cost, P, and P, are the
transmitting and the receiving powers, « is an exponential fading factor, e, is an am-
plifying energy. Now, a = 2 for free space fading, @ = 4 for multipath fading [23, 24].
For each round the residual energy of the sensor node is estimated as

ER:ET—Et—E,.. (4)

Ey is the residual energy of each sensor node, E; is the total energy of the sensor
node.

3. PROTOCOL DESIGN

The proposed Efficient Deployment of Wireless Sensor Network (EDWSN) algo-
rithm takes care about first round too. In the initial stage (first round), after sensor node
deployment, any one of the sensor nodes cannot declare itself as a cluster head. This is
because, all sensor nodes have identical energy level and are uniformly distributed in a
remote location. Most of the clustering protocols like LEACH, MBC does not work
properly under the initial stage. The cluster formation using distributed algorithm in
WSNs does not guarantee the cluster head placement and number of cluster heads in a
large agricultural land monitoring environment. A distributed algorithm has knowledge
only about the neighbor nodes [7, 25, 26]. While forming a cluster by using distributed
algorithm, those sensor nodes having one hop distance may join with corresponding
cluster head. Nevertheless, some of the sensor nodes even in one hop distance cannot join
to any one of cluster head, because the hop distance may be high. These nodes are living
alone and are called as spontaneous nodes. All spontaneous nodes try to communicate
with nearest cluster head, in order to participate as a cluster member in any cluster. Dur-
ing connection failure, they may lose the residual energy due to excess control packet
overhead, delay in packet transmission and unwanted resource usage.
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3.1 EDWSN Algorithm

In EDWSN, after the sensor node’s deployment, each sensor node has the same re-
sidual energy. In this condition, CH election based on the residual energy is very difficult.
Hence we consider the number of neighbor nodes for identifying the CH. Therefore, the
intended algorithm provides the best method to elect the CH throughout the entire net-
work lifetime. Fig. 2 shows the flowchart of EDWSN algorithm for node deployment of
WSN for agricultural environmental monitoring.

Assumptions:

1. All sensor nodes must have homogeneous characteristics (i.e. All the nodes having a
same physical property).

2. Each sensor node must know its own location and residual energy.

3. All sensor nodes may possibly have a unique packet size; and time slots are time
synchronized as they start the setup phase at the same time.

4. Base Station (BS) is fixed and situated outside the supervised area.

These assumptions have been achieved by using location and synchronization
methods [7, 19, 27, 28]. In setup phase, the cluster head is elected and cluster is formed.
It is followed by the steady state phase. Each cycle has set of rounds that should be used
to elect the cluster head and maintain them so as to avoid election of a cluster head of the
previous round in the same cycle. If the same node repeatedly elected as a cluster head,
then it loses its energy very quickly. To avoid this situation, the previous round cluster
head is not elected as a current cycle cluster head. At the end of each cycle, the entire
sensor nodes may once again be eligible to be elected as a cluster head which maintains
the energy balancing throughout the network. The protocol operation can be divided into
rounds. Each round has two phases, i.e. Setup phase and Steady state phase, which is
similar to LEACH [7] and MBC [19].

(A) Setup Phase
(i) Cluster Head Election

In the proposed model, the threshold value 7(n) has been calculated by multiplying
the factors such as the total number of neighbor nodes and the residual energy of the
sensor node. Where Fy; is the flag (set Fcy = 1 for previous round CH and F¢y = 0 for
sensor node having a chance to act as current or next round CH based on (1)), Nj.cusren: 1S
total number of current neighbor nodes, E,,._...er: 1S the current sensor node energy, E,., is

the initial energy. The expected number of sensor nodes in each cluster is m = ;. If the

sensor node lost its energy more quickly the coverage distance may get reduced, thus
giving rise to the connectivity problem causing low packet retransmission and network
lifetime. After node deployment, initially the node shares the awareness message to
neighbor nodes. Each and every node calculates its threshold value and broadcast to the
neighbor node and updates the threshold value in the table. The node compares its
threshold value with the table. If the threshold value of the node is the maximum value in
threshold table, then it act as a cluster head and broadcast the message to the neighbor
nodes. Otherwise it reset Fy and goes to next cycle.
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The threshold is found as follows,

N,
o B o
m

E

max

Pseudo code for EDWSN algorithm

T(n): Threshold value
CH : Cluster Head
CM : Cluster Member

Initialization:

1: Node discovery message (residual energy, node ID)
2: Calculate T(n)

3 (0<T(n)<1)

4: Go to Cluster Head election phase

5: Else

6: It can act as a CH in next cycle

Cluster Head election phase:

7: Broadcast 7(n) to neighbor nodes

8: Update 7(n) value in table

9:For (0<T(n)<1)

10: Compare 7(n) value with table

11: If T(n) is maximum value

12: Broadcast CH awareness message

13: Else

14: Actas CM

15: Wait until CH awareness message is received

(i1) Cluster Formation

After the cluster head election, the cluster head announces CH awareness message
to its neighbor nodes. After receiving cluster head announcement, the nearest sensor
nodes send the joint request message to the chosen cluster head. Then the cluster head
creates the TDMA schedule and sends it to the corresponding cluster members. The
cluster members use a Carrier Sense Multiple Access Collision Avoidance (CSMA/CA)
Medium Access Control (MAC) protocol. Cluster using a Direct Sequence Spread Spec-
trum (DSSS) technique establishes the communication with the cluster member node,
thus reducing the interference with adjacent cluster.

(ii1) Connection Time Estimation

Now, we consider all the sensor nodes in a cluster receives an advertisement mes-
sage from corresponding cluster head at time instance ¢, and send back the information to
the cluster head at time ¢,.
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For 2-D, we consider (x, y) coordinates.
R ((X-X)+ (4 - 1)"”? (6)

Where, R, is distance between the sensor nodes.

Node Deployment

Cyele 1,2, ...n

Reset F "
Round 1,2, ... n

Sharing of awareness message of neighbor
node

A

Calculate

N. E
T(m)=| F, . +|—J=curment, “n—current
Cl

H m E
max

Broadcast the T(n) to neighbor node

z

Update T(n)

Compare T(n)
with neighbor
list. If T(n) is
maximum

Select highest T(n) in update table as CH

Broadcast the CH awareness message to
neighbor node

After Steady State phase

Fig. 2. Flowchart of EDWSN algorithm.
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The Round Trip Time (RTT) is used for allocating the TDMA time slot to the clus-
ter member node. The processing delay and propagation delay majorly influence the
round RTT. The propagation delay is the ratio of distance between the nodes to speed of
the data packet. The RTT can be computed by using Eq. (7)

RTT:tl—to. (7)
Where £, is the sending time and ¢, is the receiving time. This TDMA allocation

provides the enhanced data collection from member node with reduced interference and
collision.

I< Rounds ’|
|< Setup Phase | Steady State Phase ’|

Slot for Member Node i Slot for cluster Head Node

CLUSTER FORMATION erees ieeaee

3 >
P
A

< P>

Fig. 3. Time slot.

(iv) Time Scheduling

Fig. 3 shows the time slot diagram of cluster formation in agriculture WSN. Each
cluster head itself allocates a time slot to the cluster member based on control packet
information. The member node sends the data to the cluster head through a direct hop-
ping during the allocated time slot in ascending order based on connection time between
cluster head and member nodes (calculated by using RSSI). The cluster head access the
allocated time slot based on the hop counts between cluster head to base station in as-
cending order to avoid the collision and packet retransmission. We can analytically de-
termine the value of the total number of cluster head (C) by using the computation and
communication energy. So, the number of cluster member in each cluster is M = (5, -
1). We assume that M number of member nodes send the data packets consecutively
during the steady state phase. 1 is the constant total time duration for steady state phase
and this will be divided into the ratio of (Mnr : MnrC) where the total time duration of
sending a data packets for cluster member to cluster head and cluster head to base station
is (Mnr) and (MnrC). Node i begin its transmission at (nrM;). Here, Mi denotes the se-
quence number of member node ‘i’ in the transmission schedule. The cluster head node j

. .. N, N

begins its transmission at (;— Dnr+ C(;— Dnr. Where, C; denotes the sequence

number of cluster head node ¢/’ in the transmission schedule.

(v) Tree Formation
The minimum spanning tree algorithm is used to construct the tree topology be-
tween the cluster heads. This tree construction process is initiated by the base station.
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(vi) Computational Complexity

Let the total number of sensor nodes as Ny, the total number of cluster heads as Ncy
and total number of Cluster members as N¢y (Nr—Ncy). Every sensor node in the net-
work starts exchange their information to discover the neighbor node. Cyp = Ny x CPyyp,
where CPyyp (Neighbor Node Discovery) contains Node ID, Residual energy level. All
the nodes broadcast their threshold value through Cry. It is obtained by Cry = Ny x CPry,
where CPry is the control packet that contains node ID and threshold value of the partic-
ular node. The cluster head awareness message is Ccyy = Ney x CPcyy where CPeyy
(Cluster Head Awareness) contains Node ID and cluster head information. Based on
RSSI, each node sends join request to cluster head. It is obtained from Ccyy = Ney ¥
CPyyr where CPy;z (Node Join Request) contains Node ID and cluster head ID. The
cluster head sends TDMA schedule to cluster member, it is calculated by using Crpyy =
Ncwx CPrpyy where CPrpyy (TDMA schedule) contains cluster head ID and time sched-
ulig information. Total number of control packets exchanged during the setup phase of
each round is

Cpr=Cyxp + Cry + Cena + Cony +Crpua
=Np+ Nr+ Ncyg+ Ney+ Neg
= 2NT+ 2NCH+ NCM
=2(Nr+ Ncy) + New
= O(n). (®)

(B) Steady State Phase

The steady state phase has two stages of packet transmission. First, cluster members
send the data packets to corresponding cluster heads by means of one hop transmission in
a particular time slot using TDMA time scheduling. Next, the cluster head transfers the
received packets to base station through intermediate cluster heads using minimum span-
ning tree technique. Fig. 4 shows Inter cluster communication for data transmission from
source CH to BS.

The proposed protocol considers the distance and energy to find the shortest path to
reach the destination. This algorithm is used in between the source cluster head to base
station through an intermediate cluster head. A cluster head sends the data to the nearest
cluster head towards the base station. In order to avoid the interference and collision the
CSMA/CA technique is used for data communication.

/(\ Base Station

Fig. 4. Inter cluster communication.
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4. SIMULATION RESULTS

In this section, the proposed EDWSN algorithm and existing algorithms such as
SEECH, MBC, HEED and LEACH were simulated using NS-2 simulator and its perfor-
mance were compared. For the experimental purpose, a range of 20-100 sensor nodes are
randomly deployed in the area of 100 x 100 m* using random topology. The initial energy
of individual sensor nodes is 10 joules with homogeneous property and uniformly dis-
tributed in network area 100 x 100 m*. The parameters and values used for simulation are
given in Table 1. Based on the parameters, the network performance such as PDR, delay,
total energy, speed, throughput and number of cycles of proposed algorithm is obtained
and compared with the existing algorithms.

Table 1. Simulation parameters and values.

Parameter Value
Network field 100 x 100 m”
Number of nodes 20-100
Transmission distance 30m
Size of Control packet 25 bytes
Size of Data packet 512 bytes
No. of Cluster head per rounds 5
Base station (50,100)
Antenna type Omni-directional
Einershota 0.017J
Eotee 50 nJ/bit/m’
Ep, 5 nJ/bits/signal
Eamp 0.0013 pJ/bit/m*

Fig. 5 shows the performance of a PDR with different number of sensor nodes for
proposed EDWSN algorithm and existing algorithms. From the figure, the PDR decreas-
es as the sensor node increase because the growth of the network causes every node to
take additional time (i.e. causes more delay in the network) to form a cluster. Hence the
sensed data waits in sensor node buffer till it gets the time slot to transmit the data to base
station. Here, the proposed EDWSN algorithm provides more stable link in the network
that avoids the spontaneous node problem, link failure, congestion and delay.

100
e ——
— 90 N EDWSN
a\a \
< 80 <— ——SEECH
& S
a 70 MBC
-
60 HEED
20 40 60 80 100 LEACH
Number of nodes

Fig. 5. PDR vs. number of nodes.
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Fig. 6 shows the delay analysis for varying sensor nodes in the network. It is seen
that the proposed algorithm consumes less delay compared to the existing algorithms.
This is because of the selection of shortest path for data transmission.

Fig. 7 shows the throughput analysis. It is observed that the proposed minimizes the
interferences and collisions in the data path. EDWSN is found to be better compared to
the existing works.

0.06
’g 0.04 ——EDWSN
P —— —— SEECH
< A
< 0.02 +—
2 = MBC
0
20 40 60 80 100 HEED
——LEACH
Number of nodes
Fig. 6. Delay vs. number of nodes.
1
§ 0.9 +——== EDWSN
g e—
= 0.8 = SEECH
2 ~= \
£ 07 MBC
-
£ 06 ——HEED
= 20 40 60 80 100 —— LEACH
Number of nodes
Fig. 7. Throughput vs. number of nodes.
0.5
g 04 o —— ——EDWSN
2 03
o . N—"
S£ 0l — MBC
i" g 0 ——HEED
é 20 40 60 80 100 —LEACH
© Number of nodes

Fig. 8. Average energy consumption vs. number of nodes.

Fig. 8 shows that EDWSN algorithm grants best cluster formation and pivots upon
the cluster head in each round that preserves the average energy level throughout the
network. And also provides a superior way in stable links than other clustering algo-
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rithms. It is observed that the clustering method based on neighbor node and residual
energy provides an increase in PDR of 6%, 10%, 21% and 25% when compared with
SEECH, MBC, HEED and LEACH respectively. The average power consumption in the
proposed is reduced to 24%, 26%, 20% and 31% in comparison with the existing. The
above results show that the proposed method gives better performance compared to ex-
isting algorithms.

5. CONCLUSION

From the literature review, it is understood that most of the systems deal with WSN
to make automatic agricultural monitoring, but the network life time and QoS parameters
are not considered. The energy efficiency is attained by making clustering among the
nodes in agricultural WSN. Simulation result demonstrates that the proposed EDWSN
algorithm offers a best cluster head election and cluster formation, that makes the overall
performance better than other cluster formation techniques like HEED, LEACH, protocol
and it also provides satisfactory result in terms of PDR, network lifetime, energy con-
sumption, balanced control overhead which are important for mission critical application.
In WSN, EDWSN algorithm can be used efficiently in large agriculture land for envi-
ronmental monitoring. In future, the proposed algorithm will be implemented in real time
to monitor agriculture environment through WSN.
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