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Abstract—

Base station location has a major impact on the network’s lifetime
performance for a wireless sensor network. Due to energy constraints
in individual sensor nodes, extending the lifetime is an essential
objective in Wireless Sensor Networks (WSNSs). Energy efficiency is a
critical issue in designing the sensor networks as the nodes have
limited battery power. An important characteristic for wireless sensor
networks is so-called network lifetime performance, which is highly
dependent upon the physical topology of the network. This is because
energy expenditure at a node, to transmit data from one node another
not only depends on the data bit rate but also on the physical distance
between the nodes. Consequently, it is important to understand the
impact of location related issues on the network lifetime performance
and to optimize the topology during network deployment stage.
This work considers the importance of base station placement
problem for a given sensor networks such that network lifetime can be
maximized. Specifically, the gravity location model is considered to
identify the optimal location of the new base station, increase the life
time of the sensor networks has been proposed.
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I. INTRODUCTION

A wireless sensor network (WSN) consists of spatially
distributed autonomous sensors to monitor physical or
environmental conditions, such as temperature, sound,
pressure, etc. and to cooperatively pass their data through the
network to a main location. The more modern networks are bi-
directional, also enabling control of sensor activity. The
development of wireless sensor networks was motivated by
military applications such as battlefield surveillance; today
such networks are used in many industrial and consumer
applications, such as industrial process monitoring and control,
machine health monitoring, and so on.

The WSN is built of nodes — from a few to several hundred,
where each node is connected to one (or sometimes several)
sensors. Each such sensor network node has typically several
parts: a radio transceiver with an internal antenna or connection

to an external antenna, a microcontroller, an electronic circuit
for interfacing with the sensors and an energy source, usually a
battery or an embedded form of energy harvesting. A sensor
node might vary in size, depending on the functions. The cost
of sensor nodes is similarly variable, depending on the
complexity of the individual sensor nodes. Size and cost
constraints on sensor nodes result in corresponding constraints
on resources such as energy, memory, computation.
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(e.2, cell modem).

X
{ '\
\ Glor
[ v WF
Ethernet | \
: \
v
/ \

| \ 8

()

\
’ \ |o,cal -
o | -
Ethernet/ \ smart phone
\ remote computer

.-.. %
n
7,

local computer smart phone

Fig 1.1 Wireless Sensor Network

An important performance metric for wireless sensor networks
is the so-called network lifetime, which is highly dependent
upon the physical topology of the network. This is because
energy expenditure at a node to transmit data to another node
not only depends on the data bit rate, but also on the physical
distance between these two nodes. Consequently, it is
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important to understand the impact of location related issues on
network lifetime performance and to optimize topology during
network deployment stage. This article considers the important
base station placement problem for a given sensor networks
such that network lifetime can be maximized. Specifically, we
consider the following problem. Given a sensor network with
each node | producing sensing data at a rate of r , where should
we place the base station in this sensor network such that all the
data can be forwarded to the base station (via multihop and
multipath if necessary) such that the network lifetime is
maximized

The Section Il and IV provide the related work and the
problem statement. The Section V provides the data collection,
which are obtained from a steel manufacturing company.
Followed by the Gravity location model. It deals with the
location of the optimum point using gravity location algorithm.
Section VII provides the simulation of the algorithm and
finding the new optimum location among the spreaded sensor
nodes.

Il. LITERATURE REVIEW

The following are the relevant literature pertaining to the
process placing base station in an optimized location. Yi Shi et
al [1] this paper deals with the approximation algorithm that
can guarantee optimal network lifetime performance for base
station placement problem. Dionisis Kandris et al [2] author
explained most power dissipation  occurs  during
communication, thus routing protocols in wireless sensor
networks (WSNs) mainly aim at power conservation. A routing
protocol should be scalable, so that its effectiveness does not
degrade as the network size increases. Konstantinos
Kalpakis et al [3] discussed the maximum lifetime data
gathering problem. Ming Yu et al [4-5] addressed how to
dynamically  organize these sensors into  wireless
communication network and effectively route the information
among sensors to a remote collection station. Hossam
Hassanein et al [6] proposed Reliable Energy Aware Routing
(REAR), which is a distributed, on-demand, reactive routing
protocol that is intended to provide a reliable transmission
environment for data packet delivery. An energy-aware QoS
routing protocol for sensor networks which can also run
efficiently with best-effort traffic [7-8]. The problem involving
clustering of wireless sensor nodes and and coverage area is
given in [9-11].

I1l. RELATED WORK

In the existing Base station locations, the sensor network
lifetime is short due to higher energy consumption. Higher
energy consumption is due to the non-optimized location of
base station. Non optimized location increases the distance
between the sensor nodes to the base station, so it will not
transfer the data directly to the base station. Each node transfer
the data to the neighbor node and finally it reaches the base
station. Due to transferring of the data to the neighbor node
increases the data rate step by step and also the number of
sensor nodes increases the optimal location of base station to
become complex. So the problem is to find out the optimal
location of the base station for sensor nodes and an optimal

path for each sensor nodes so that the data can be transferred
efficiently with degrading the lifetime of the sensors.

IV. PROBLEM DESCRIPTION

In the existing Base station locations, the sensor network
lifetime is short due to higher energy consumption. Higher
energy consumption is due to the non-optimized location of
base station. Non optimized location increases the distance
between the sensor nodes to the base station, so it will not
transfer the data directly to the base station. Each node transfer
the data to the neighbor node and finally it reaches the base
station. Due to transferring of the data to the neighbor node
increases the data rate step by step and also the number of
sensor nodes increases the optimal location of base station to
become complex. So the problem is to find out the optimal
location of the base station for sensor nodes and an optimal
path for each sensor nodes.the main objective is to find optimal
base station location to reduce energy consumption and to
maximize the network’s lifetime in wireless sensor networks.

V. DATA COLLECTION

The following data is collected from a steel manufacturing
industry.
Table 5. 1: Data collection

SNO [ LOCATION| DATA | ENERGY(J)
X Y | RATE(Kbps)
1 85 | 13 1 1600
2 31 | 06 9 4300
3 65 | 56 3 3100
4 63 | 74 9 4700
5 91 | 48 1 1900
6 26 | 35 8 1500
7 42 | 13 3 1000
8 93 | 15 ! 1500
9 63 | 96 6 1100
10 | 03 | 27 1 3500
11 | 67 | 4 6 2300
12 | 21 |16 ! 4300
13 | 86 | 96 1 900
14 | 56 |09 ; 2700
15 | 88 | 51 3 1100
16 8 |92 8 1700
17 | 87 | 38 1 1500
18 | 11|12 8 5000
19 | 38 | 9 2 1800
20 | 44 | 34 9 2000

Table 5.1 shows the different locations of 20 senor nodes in the
area of 100m x100m, corresponding average data transmission
of each node to base station and the energy taken for
transmitting each node to base station is tabulated. According
to this data the optimal base station has been located.
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VI. GRAVITY LOCATION MODEL

Gravity location model is one of the supply chain management
techniques using for locating the ware house optimally. The
same technique is used for locating the base station optimally.
Data rate and energy is the main factor influencing the location
the base station. Here the main problem is 20 sensor nodes are
placed randomly in the sensible area 100m x 100m, all nodes
having the different load and different energy level. So this
project locates the base station optimally to all nodes. The
gravity location model is very useful method to find out the
optimal location. In supply chain, cost and load (how much
quantity is transferred) are considered, to locate the ware
house. Here the energy and data rate is considered to locate the
base station optimally.

Gravity models are used to find locations that minimize the
energy of transmitting sensed data from sensor node to the base
station. Gravity models assume that both sensor nodes and the
base station can be located as grid points on the plane. All
distances are calculated as the geometric distance between two
points on a plane. Gravity location model is used to find the
optimal location of base station and the total energy spent for
transmitting data to base station. Location, data rate (load) and
energy is the input data for the gravity location model.

The obtained data are plotted and the location of the
sensornodes is shown in the figure 6.1.
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Fig 6.1 Location of the sensor nodes.

VII OPTIMAL LOCATION OF BASE STATION

The placement of the base station should be optimized among
the dispersed location of the wireless sensor nodes. The
optimum location can be obtained by using the gravity location
model. Using the gravity location model, the base station
location can be identified and also the total energyalso can be
calculated.

7.1 Formulae used for Calculating the Total Energy

Total energy spends for transmitting data from sensor
node to base station

E; -Total energy spends for transmitting data

F.. Energy of transmitting one bit for one meter between
the sensor nodes to base station n

D, - Load (data) to be transmitted between sensor
nodes to base station

Xn , Yn - Coordinate location of either a sensor node or
base station

If (x, y) is the location selected for the sensor node, the

distance d, facility at location (X, y)

On = /(X = X)2+ (Y — Yn) 2

In this method, the optimal location of base station is obtained
by evaluating the above formulae and substituting the collected
data.

7.2 The Gravity Location Algorithm

The location that minimizes the total energy E; is obtained by
iterating through the following three steps where (X,y)is the
location of the base station to begin each iteration,

1.For each sensor node or base station n, evaluate using
the formula d,

2.0btain a new location (x’, y’) for the base station.

r nFnin
n=1  dn
r DnFn
n=1l dn

r UnfFnin
n=1 d-:rl
r DnFn
n=1 dn

3.If the new location (x’, y’) is almost the same as (X, y)
stop. Otherwise, set

(x, y)= (x’,y’)and go to 1% step.

The gravity location algorithm helps in finding the
optimum location of base station. The algorithm can be
validated and the collected data can be processed using
the algorithm to find the best location of the base station
placement.
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Table 7.1 Data with Euclidean distance

S.NO | LOCATION | DATA | ENERGY | EUCLIDEAN
X Y | RATE Q) DISTANCE
(Kbps) dn (m)
1 | 85| 13 1 1600 4.75
2 | 31| 06 9 4300 3.90
3 | 65| 56 3 3100 2.30
4 | 63| 74 9 4700 3.61
5 | 91 | 48 1 1900 4.44
6 | 26 | 35 8 1500 2.21
7 | 42| 73 3 1000 8.42
g | 93| 15 l 1500 5.30
9 | 63| 96 6 1100 5.67
10 | 03 | 27 1 3500 4.64
11 | 67| 4 6 2300 2.00
12 | 21 | 16 7 4300 3.65
13 | 86 | 96 1 900 6.69
14 | 56 | 09 9 2700 3.37
15 | 88 | 51 3 1100 4.20
16 8 | 92 8 1700 6.02
17 | 87 | 38 1 1500 4.01
18 | 71| 12 8 5000 3.80
19 [ 38 | 9 2 1800 4.93
20 | 44 | 34 9 2000 0.81

X value for base station location x =5.4

Y value for base station location y=5.8
Total energy consumption = 1014214.882J

The total energy consumed is cal culated using the equation
(1). The Euclidean distance is calculated using (2).

There are 20 nodes placed in 100m x100m, each node is placed
according to its X, y co ordinates value. Optimal base station is
placed between the 20 nodes as shown in fig 7.1. (5.4, 5.8)
represents the optimal location of base station. Newly located
base station is the optimum location from each node. The nodes
are plotted along with the position of the new base station.
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Fig 7.1 Optimal location of base station

VIII CONCLUSION

The Optimum location of the base station is very much
important constraint that the network life time can be
maximized. By using the gravity location model, for the
available twenty sensor nodes, the optimum location for the
base station which minimizes the energy spend on the sensor
node to transmit the data is located. The lifetime of the network
can further be increased by optimization techniques.

REFERENCES

1.Yi Shi and Y. Thomas Hou “Approximation Algorithm for
Base Station Placement in Wireless Sensor Net works” IEEE
journal (2007) pg: 512-5109.

2. Konstantino Kalpakis, Koustuv Dasgupta, Parag Namjoshi
“Efficient algorithms for maximum lifetime data gathering and
aggregation in wireless sensor networks” Computer Networks

42 (2003) 697-716

3. Arvind Sankar and Zhen Liu “Maximum Lifetime Routing in
Wireless Ad-hoc Networks” IEEE journal (2004) pg: 1089-
1097

4. Li Hu Yun Li Qinbin Chen Jia-yi Liu “A New Energy-Aware
Routing Protocol for Wireless Sensor Networks”IEEE journal
(2007) pg: 2444-2447.

5. Luqun Li, Minle Zuo “A Dynamic Adaptive Routing
Protocol for Heterogeneous Wireless Sensor Network™
Networks Security (2007) pg : 266-269.

6. Chandresh “An Overview of Routing Protocols of Sensor
Networks” CIMCA 2008 pg: 873-878.

7. Ping Yuan, Chunlin Ji, Yangyang Zhang, Yue Wang
“Optimal Multicast Routing in Wireless Ad Hoc Sensor
Networks” journal of networks(2004) pg:367-371.

8. Tai-Jung Chang “A color-theory-based energy efficient
routing algorithm for mobile wireless sensor networks”
Computer Networks 52 (2008) pg: 531-541.

P.Parthiban, 1IJECS Volume 2 Issue 11 November, 2013 Page No.3147-3151

Page 3150



9. Linfeng Yuan “An energy-efficient real-time routing

protocol for sensor networks” Computer Communications 30
(2007) pg: 2274-2283.

10. Hui Qu “Co-designed anchor-free localization and location-
based routing algorithm for rapidly-deployed wireless sensor
networks” Information Fusion 9 (2008) pg: 425-439

11. Weifa Liang “On-line disjoint path routing for network
capacity maximization in energy-constrained ad hoc networks”
Ad Hoc Networks 5 (2007) pg: 272-285.

12. Sajjad Zarifzadeh “Joint range assignment and routing to
conserve energy in wireless ad hoc networks” Computer
Networks 53 (2009) pg: 1812-1829.

13. Marcel Busse “Energy-efficient forwarding in wireless
sensor networks” Pervasive and Mobile Computing 4 (2008)
pg: 3-32.

14. Nikolaos A “Energy efficiency in wireless sensor networks
using sleep mode TDMA scheduling” Ad Hoc Networks 7
(2009) pg: 322-343.

15. Qingchun Ren “Energy and quality aware query processing

in wireless sensor database systems” Information Sciences 177
(2007) pg: 2188-2205.

1. P.Parthiban

P.Parthiban,'1JECS Volume 2 Issue 11 November, 2013 Page No.3147-3151 Page 3151



	PointTmp

