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

in each cluster m = nN

CH , Nn 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 ‘l’ 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 ‘l’ bit 
messages through a distance ‘d’ between the transmitter and receiver can be calculated as 
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Now, Et and Er are the transmitting and receiving energy cost, Pt and Pr are the 

transmitting and the receiving powers,  is an exponential fading factor, eamp is an am-
plifying energy. Now,  = 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 − Er.    (4) 
 
ER is the residual energy of each sensor node, ET 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 T(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 FCH is the flag (set FCH = 1 for previous round CH and FCH = 0 for 
sensor node having a chance to act as current or next round CH based on T(n)), Nj-current is 
total number of current neighbor nodes, En-current is the current sensor node energy, Emax is  

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

CH . 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 FCH and goes to next cycle.  
 



DEPLOYMENT OF SENSOR NODES FOR AGRICULTURAL FIELD 909

The threshold is found as follows, 
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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: If (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 T(n) to neighbor nodes 
8: Update T(n) value in table 
9: For (0 < T(n) ≤ 1)  
10: Compare T(n) value with table 
11: If T(n) is maximum value 
12: Broadcast CH awareness message 
13: Else 
14: Act as CM 
15: Wait until CH awareness message is received  
 

 
(ii) 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. 

 

(iii) 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 t0 and send back the information to 
the cluster head at time t1.  
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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 × 100 m2 using random topology. The initial energy 
of individual sensor nodes is 10 joules with homogeneous property and uniformly dis-
tributed in network area 100 × 100 m2. 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 × 100 m2 

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 

Ethershold 0.01 J 

Eelec 50 nJ/bit/m2 

EDA 5 nJ/bits/signal 

Eamp 0.0013 pJ/bit/m4 

 

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.  
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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. 

 

 
Fig. 6. Delay vs. number of nodes. 

 

 
Fig. 7. Throughput vs. 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. 

REFERENCES 

1.  F. Zhao and L. Guibas, Wireless Sensor Networks, Elsevier, India, 2004. 
2.  B. Li, W. Wang, Q. Yin, R. Yang, Y. Li, and C. Wang, “A new cooperative trans-

mission metric in wireless sensor networks to minimize energy consumption per unit 
transmit distance,” IEEE Communications Letters, Vol. 16, 2012, pp. 626-629. 

3.  S. D. Muruganathan, A. B. Sesay, and W. A. Krzymien, “Analytical query response 
time evaluation for a two-level clustering hierarchy based wireless sensor network 
routing protocol,” IEEE Communications Letters, Vol. 14, 2010, pp. 486-488. 

4.  P. Guo, T. Jiang, K. Zhang, and H. H. Chen, “Clustering algorithm in initialization 
of multi-hop wireless sensor networks,” IEEE Transactions on Wireless Communi-
cations, Vol. 8, 2009, pp. 5713-5717. 

5.  A. Wang, D. Yang, and D. Sun, “A clustering algorithm based on energy infor-
mation and cluster heads expectation for wireless sensor networks,” Computer and 
Electrical Engineering, Vol. 38, 2012, pp. 662-671. 

6.  B. Wang, H. B. Lim, and D. Ma, “A coverage-aware clustering protocol for wireless 
sensor networks,” Computer Networks, Vol. 56, 2012, pp. 1599-1611. 

7.  W. R. Heinzelman, A. P. Chandrakasan, and H. Balakrishnan, “An application spe-
cific protocol architecture for wireless microsensor networks,” IEEE Transactions 
on Wireless Communication, Vol. 1, 2002, pp. 660-670. 

8.  O. Younis and S. Fahmy, “HEED: a hybrid, energy-efficient, distributed clustering ap-
proach for ad hoc sensor networks,” IEEE Transactions on Mobile Computing, Vol. 3, 
2004, pp. 366-379. 



S. R. BARKUNAN AND V. BHANUMATHI  

 

916

 

9.  Y. Liao, H. Qi, and W. Li, “Load-Balanced clustering algorithm with distributed 
self-organization for wireless sensor networks,” IEEE Sensor Journal, Vol. 13, 2013, 
pp. 1498-1506. 

10.  J. Yu and Y. Qi, “A cluster based routing protocol for wireless sensor network with 
non uniform node distribution,” International Journal of Electronics and Communi-
cations, Vol. 66, 2012, pp. 54-61. 

11.  S. A. B. Awwad, C. K. Ng, N. K. Noordin, and M. F. A. Rasid, “Cluster based routing 
protocol for mobile nodes in wireless sensor networks,” in Proceedings of IEEE Inter-
national Symposium on Collaborative Technologies and Systems, 2009, pp. 233-241. 

12.  G. Chen, C. Li, M. Ye, and J. Wu, “An unequal cluster-based routing protocol in 
wireless sensor networks,” Wireless Network, Vol. 15, 2009, pp. 193-207.   

13.  S. S. Wang and Z. P. Chen, “LCM: A link-aware clustering mechanism for energy- 
efficient routing in wireless sensor networks,” IEEE Sensors Journal, Vol. 13, 2013, 
pp. 728-736. 

14.  H. Raza, P. Nandal, and S. Makker, “Selection of cluster head using PSO in CGSR 
protocol,” in Proceedings of IEEE International Conference on Methods and Models 
in Computer Science, 2010, pp. 91-94. 

15.  K. Li and D. Guo, “Position and movement detection of wireless sensor network 
devices relative to the landmark graph,” IEEE Transactions on Mobile Computing, 
Vol. 11, 2012, pp. 1970-1982. 

16.  M. Duckham and D. Nussbaum, “Efficient, decentralized computation of the topology 
of spatial region,” IEEE Transactions on Computers, Vol. 60, 2011, pp. 1100-1113. 

17.  X. Chen and Z. Dai, “ProHet: A probabilistic routing protocol with assured delivery 
rate in wireless heterogeneous sensor networks,” IEEE Transactions on Wireless 
Communications, Vol. 12, 2013, pp. 1524-1531. 

18.  I. Jang, S. Yang, H. Yoon, and D. Kim, “EMBA: An efficient multihop broadcast 
protocol for asynchronous duty-cycled wireless sensor networks,” IEEE Transac-
tions on Wireless Communications, Vol. 12, 2013, pp. 1640-1650. 

19.  S. Deng, J. Li, and L. Shen, “Mobility Based clustering protocol for wireless sensor 
networks with mobile nodes,” IET Wireless Sensor Systems, Vol. 1, 2011, pp. 39-47. 

20.  M. Ettus, “System capacity, latency and power consumption in multi-hop routed 
SS-CDMA wireless network,” in Proceedings of IEEE International Conference on 
Radio and Wireless, 1998, pp. 55-58. 

21.  Y. Yuan, M. Chen, and T. Kwon, “A novel cluster based cooperative MIMO scheme 
for multi hop wireless sensor networks,” EURASIP Journal on Wireless Communi-
cations and Networking, 2006, pp. 38-47. 

22.  S. Dabey and R. Shrivastava, “Energy consumption using traffic models for MANET 
routing protocol,” International Journal of Smart Sensor and Ad-hoc Network, Vol. 
1, 2011, pp. 84-89. 

23.  T. Rappaport, Wireless Communication – Principles and Practice, Prentice Hall, 
Englewood Cliffs, NJ, 1996. 

24.  K. Pahalavan and A. Levesque, Wireless Information Networks, Wiley, NY, 1995.  
25.  V. D. Park and M. S. Corson, “A highly adaptive distributed routing algorithm for 

mobile wireless networks,” in Proceedings of the 16th Conference on IEEE Com-
puter and Communications Society, Vol. 3, 1997, pp. 1405-1413. 



DEPLOYMENT OF SENSOR NODES FOR AGRICULTURAL FIELD 917

26.  K. Akkaya and M. Younis, “A survey on routing protocols for wireless sensor net-
works,” Ad Hoc Networks, Vol. 3, 2005, pp. 325-349. 

27.  X. Zhang, H. Wang, and A. Khokhar, “An energy efficient data collection protocol 
for mobile sensor networks,” in Proceedings of IEEE Conference on Vehicular 
Technology, 2006, pp. 1-5. 

28.  W. R. Heinzelman, A. Chandrakasan, and H. Balakrishnan, “Energy efficient com-
munication protocol for wireless microsensor networks,” in Proceedings of the 33rd 
Hawaii International Conference on System Sciences, 2000, pp. 1-10. 

29.  C. Goumopoulos, B. O. Flynn, and A. Kameas, “Automated zone-specific irrigation 
with wireless sensor/actuator network and adaptable decision support,” Computers 
and Electronics in Agriculture, Vol. 105, 2014, pp. 20-33. 

30.  D. Xiao, J. Feng, N. Wang, X. Luo, and Y. Hu, “Integrated soil moisture and water 
depth sensor for paddy fields,” Computers and Electronics in Agriculture, Vol. 98, 
2013, pp. 214-221. 

31.  D. H. Park, B. J. Kang, K. R. Cho, C. S. Shin, S. E. Cho, J. W. Park, and W. M. 
Yang, “A study on greenhouse automatic control system based on wireless sensor 
network,” Wireless Personal Communications, Vol. 56, 2011, pp. 117-130. 

32.  M. Srbinovska, C. Gavrovski, V. Dimcev, A. Krkoleva, and V. Borozan, “Environ-
mental parameters monitoring in precision agriculture using wireless sensor net-
works,” Journal of Cleaner Production, Vol. 88, 2015, pp. 297-307.  

33.  A. J. G. Sanchez, F. G. Sanchez, and J. G. Haro, “Wireless sensor network deploy-
ment for integrating video-surveillance and data-monitoring in precision agriculture 
over distributed crops,” Computers and Electronics in Agriculture, Vol. 75, 2011, pp. 
288-303. 

34.  J. A. L. Riquelme, F. Soto, J. Suardiaz, P. Sanchez, A. Iborra, and J. A. Vera, “Wire- 
less sensor networks for precision horticulture in southern Spain,” Computers and 
Electronics in Agriculture, Vol. 68, 2009, pp. 25-35. 

35.  J. Gutierrez, J. F. V. Medina, A. N. Garibay, and M. A. P. Gandara, “Automated 
irrigation system using a wireless sensor network and GPRS module,” IEEE Trans-
actions on Instrumentation and Measurement, Vol. 63, 2014, pp. 166-176. 

36.  S. Katyara, M. A. Shah, S. Zardari, B. S. Chowdhry, and W. Kumar, “WSN Based smart 
control and remote field monitoring of Pakistan’s irrigation system using SCADA appli-
cations,” Wireless Personal Communications, Vol. 95, 2017, pp. 491-504. 

37.  I. M. Santos, F. G. D. Costa, C. E. Cugnasca, and J. Ueyama, “Computational simu-
lation of wireless sensor networks for pesticide drift control,” Precision Agriculture, 
Vol. 15, 2014, pp. 290-303. 

38.  F. Viani, M. Bertolli, M. Salucci, and A. Polo, “Low-cost wireless monitoring and 
decision support for water saving in agriculture,” IEEE Sensors Journal, Vol. 17, 
2017, pp. 4299-4309. 

39.  V. Bhanumathi and C. P. Sangeetha, “A guide for the selection of routing protocols 
in WBAN for health care applications,” Human Centric Computing and Information 
Sciences, 2017, pp. 7-24. 

40.  M. Tarhani, Y. S. Kavian, and S. Siavoshi, “SEECH: Scalable energy efficient clus-
tering hierarchy protocol in wireless sensor networks,” IEEE Sensors Journal, 2014, 
Vol. 14, pp. 3944-3954. 



918

41.  W
w
a
V
 
 

 

 

W. H. Nam, T
work (WSN) 
and communi
Vol. 143, 201

 

 

S. R

T. Kim, E. M.
application f

ication techno
7, pp. 185-19

S. R.
Communi
M.E. deg
versity, C
and Comm
is current
Electronic
Regional 
ious intern
embedded

 

V. B
Commun
in Comm
Ph.D. in 
University
fessor in 
neering, A
published
ences. He
sign, netw

R. BARKUNAN AN

. Hong, J. Y. 
for irrigation f
logies (ICTs)
2. 

. Barkunan r
ication Engin
ree in Embed

Coimbatore. H
munication En
tly working a
cs and Comm
Campus, Coim
national journ
d systems, real

Bhanumathi r
ication Engin

munication Sy
Information a
y, Chennai. S
the Departme

Anna Univers
d her works i
er areas of int
work security, 

ND V. BHANUMA

 

Choi, and J. T
facilities man
,” Computers 

received the B
neering from 
dded System 

He is currently 
ngineering in 

as a Teaching
munication E
mbatore. He h

nals and confe
l time systems

received the B
neering from M
ystems from A
and Communi

She is currentl
ent of Electro
sity, Regional 
in various int
terest are wire
and digital co

ATHI  

T. Kim, “A w
nagement base

and Electron

B.E. degree i
as Anna Uni
Technologies
doing his Ph.
Anna Univer

g Fellow in th
Engineering, 
has published

erences. His ar
s, and wireless

B.E. degree i
Madras Unive
Anna Univers
ication Engin
ly working as 
nics and Com
Campus, Co

ternational jou
eless commun
mmunication.

ireless sensor 
ed on informa
ics in Agricul

n Electronics 
iversity, Chen
s from Anna 
.D. in Informa
rsity, Chennai
he Departmen
Anna Univer

d his works in 
reas of interes
sensor networ

n Electronics 
rsity, M.E. de
sity, Chennai 
eering from A
an Assistant 

mmunication E
imbatore. She

urnals and con
nication, VLSI
 

r net-
ation 
lture, 

s and 
nnai, 
Uni-
ation 
i. He 
nt of 
rsity, 

n var-
st are 
orks. 

s and 
egree 

and 
Anna 
Pro-

Engi-
e has 
nfer-
I de-



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


