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Abstract—Wireless sensors are used for sensing physical
quantities from the environment. Usually sensors are scattered in
the sensing field. These sensors collect data from the environment
and send it to the data collecting device. In many applications like
home, military, health sensor location is essential. There are
different approaches to locate sensors in the field. Comparison of
different localization schemes are studied in this paper. Fixed
anchor, mobile anchor, range based, range free are some
localization schemes being used.
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INTRODUCTION

Application like habitat monitoring or health monitoring
need information about current location. In the case of habitat
monitoring sensors are fixed on some animals. Since they have
highly random movement manual localization is difficult. So
different methods are adopted for the localization[1-5]. One
commonly used method is to find the location by using GPS
enabled sensor devices. Large number of sensors are deployed
for many applications. Installing a GPS receiver will increase
the total cost. Power consumption is also higher which
adversely affects the life of sensors. Fixing bulky devices like
GPS on animals or any other remote place becomes difficult.
Distributed location method without using GPS for the sensors
are used [6-14]. In this method sensors have GPS unit[15].
These sensors transmit their position to all other sensors for
localization. Use of mobile landmark or mobile anchor for
localization is one method. The mobile device may be a robot
or human. So the size of the device is much more than other
sensor. There are different localization schemes to locate the
sensors[14-16]. The localization can be done with static or
mobile node and static or mobile or landmark. Each scheme
can be classified into range free and range based. Range based
scheme is a static path planning scheme which gives the
angular or distance information between the neighbouring
nodes. The information is obtained by TDOA, TOA, RSSI and
AOA [17] method. In order to get the range information
additional equipments are needed. Thus the system become
bulky and complex[18]. In RSSI, according to the received
signal strength, the distance between neighbouring nodes is
calculated and location is estimated by triangulation [19-20].
Similarly in TOA and TDOA time of arrival and difference of
arrival of signal are calculated. In AOA, angle of signal arrival
is calculated and from this information, location of the sensors
are determined. This method become expensive and complex
due to the presence of equipments which are capable of finding
these information. Range free scheme is the simplest algorithm
widely used in WSN applications. In this scheme there is no
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need of distance or angular information. So the system is
inexpensive and widely used. Locations are calculated by using
some algorithms [21-23]. Centroid scheme uses a centroid
algorithm, DV-Hop method uses hop count from each
reference point and locations are calculated. There are other
range free schemes but the accuracy is much less than range
based scheme. Timebased positioning scheme (TPS)[10] is
another method used for calculating the location. The range

information from three base stations is used for
localization.
Localization Schemes
. | : j
static nodes static nodes mobile nodes  mobile nodes

static landmarks mobile landmarks static landmarks mobile landmarks

range—free range—based

RSS AoA TDoA

Fig. 1. Different localization scheme

I.  LOCALIZATION SCHEME

A. Static node and landmark)

In this category both sensors and reference point or landmarks
are static. Both range based and range free schemes are
included in this category. APS[6],[24] TPS, TDoA, DV-Hop,
are some of the methods. The range information from three or
more static nodes or land marks are used for the distance
calculation. By using triangulation, trilateration,
multilateration [25] method, locations are estimated. AFL is
another method which performs the localization without using
GPS equipped device.

B. Mobile nodes and static landmarks

In this category the nodes have mobility and some
reference points or fixed land marks are placed in a pre-defined
location. This method is suitable for indoor localization in
order to locate mobile nodes in a building like in a hospital or
in a factory. These schemes have two phases. Offline and
online localization phase. In offline phase a database is
prepared. The database consists of signal strength at different
points. In the second phase the mobile node compares its
current signal strength with signal strength stored in the
database and gives an estimate of the location. This system
uses RADAR, CRICKET location etc.
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C. Static nodes and mobile landmarks

In this category one or two mobile landmarks are used. This
method is used to reduce the number of expensive GPS nodes.
Mobile landmark can be of a robot or a man. This mobile
landmark or mobile anchor moves through a particular sensing
area and periodically sends its coordinate as beacon messages.
This beacon message is used for location calculation. There
are different path planning schemes of the mobile anchor
movement. SCAN, DOUBLE SCAN, HILBERT in [3], S-
CURVE, CIRCLES in [5] are some of the path planning
schemes. According to this algorithm the mobile anchor
moves through the sensing field.

II. DIFFERENT LOCATION ESTIMATION
TECHNIQUES

A. RADAR

This method is used for continuous tracking of an object. It
consists of two sections ie of tracking a user and locating the
user[26-27]. RADAR can be used to locate the user with few
meters from the actual location[28]. RADAR is based on radio
frequency. Signal strength at specific location is calculated
and processed. Nearest neighbours in signal space are used to
find the best match location[29]. IR wireless networks are also
used for location tracking.

B. Distance vector-hop method

One of the simplest schemes is the distance vector hop
mechanism method which consists of different stages [30]. In
the first stage, distance is calculated according to hop count.
Nodes maintain a table with its position and hop count. This
table is exchanged with the other neighbouring nodes. During
the next stage, each landmark calculates the distance between
other landmarks. The size of each hop is estimated and a
correction in location is calculated and passed to all other
nodes. Forward correction mechanism is used which ensures
that all nodes get only one correction from the nearest
landmarks. DV-distance method is another method closely
related to the DV-hop method. Instead of measuring the hop
count between the nodes it measures the distance in meters
using signal strength.

C. Ad hoc positioning system (APS)

In the case of a wireless sensor, each node can communicate
with its neighbouring node with in the coverage area[6],[31].
Ideally coverage area is considered as a circle. In APS both
node and landmarks are static. The landmarks have the
knowledge about their position by human input or GPS
receiver. Angle of arrival capability is utilized for the
calculation of range information. This is done by using array
antennas.[7],[24].

Fig.2 shows the location calculation from the angle and range
information. If position of each vertice and the angle towards
an interior points are known then that point can be located.
This method is called triangulation. Here A, B, C are
landmarks or anchors. The distance between each landmark
and sensor, the angle from each landmark 2ADC, 2BDA and
£CDB are known. Then the location can be easily found out.
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In wireless networks, the node can only communicate with its
neighbouring nodes since they are low powered devices. More
power used for signal transmission will lead to reduction in
life of the node. Multi hop mechanism is used to increase the
life of the network. In order to achieve this APS [7] distance
vector routing and GPS positioning are used. The information
from one node is passed to the next in hop by hop fashion.
Based on the base station reading each node locates itself.
Another method is also included in the APS system. If the
nodes are not oriented with respect to the landmark forward
bearing is used. This method consists of two algorithms, DV
bearing, which allows to get orientation from node to
landmarks, and DV radial, which gives the radial information.
This method has an advantage of giving exact location and
orientation. Error control mechanism in[32-33] is used to
correct the position estimate from the reference node.

D. Anchor free location (AFL)

Sensor networks have a self configuring capability. This
method use a decentralized algorithm[37]. All sensor nodes
start from a random initial location. In outdoor environment,
the location information is found by using a GPS receiver[34].
From a set of nodes whose positions are unknown, and a
mechanism can be used to determine the location. AFL
algorithm consist of two phases. In the first phase a free fold
graph similar to the original graph is created and in the next
phase an optimization method is used to correct the errors.
Anchor based algorithm is proposed in [35]. This algorithm
consists of small number of anchors which are aware their
locations.

E. Time based positioning schemes (TPS)

This technique is one of the efficient localization methods in
outdoor networks. Most location measuring methods have two
phase: range or angle measurement and position estimation.
Range estimation can be done with TOA, TDoA, AoA, RSSI
etc. Time of arrival and time difference of arrival uses the time
taken by a signal to reach the destination and tie time
difference of arrival. In AoA the angle at which the signal
arrive is calculated. Location is computed from the range or
angle information. The techniques used for the calculation are
trilateration, multilateration[36] or triangulation[15],[18] as
shown in Fig.3(i) If the angle of arrival of signals from two
base station 1 and 2 is known, then location is where line from
Base Stations intersects. Fig.3(ii) shows the trilateration. The
common intersection point from each land mark gives the
location of the sensor. In this case if there is no common
intersection, location result becomes incorrect. Multilateration
in Fig.3(iii) uses a function to minimize the error in
localization. This technique has higher accuracy and
computational overhead. Fig. 4 shows TPS which uses TDoA
and trilateration. This method consists of two steps. In the first
method, the difference in time of arrival of signal from
different Base Stations is noted, basically from three Base
Stations. Thus range difference information is obtained,
further by using trilateration the coordinates are obtained [10].
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Fig. 4. Time based positioning scheme

F. Distributed position estimation algorithm

Consider some static nodes and more than one anchor node
[37]. The anchor sends beacon packets. These packets are used
for position estimation. Distance can be measured by
measuring propagation delay of ultrasonic signals. The beacon
packet contains id of the node, power level at the time of
transmission and current position. In this case one node can
assist other nodes in estimating the location, ie if one node has
an idea about its location it can help other nodes in
localization. Position estimate of all node in the area are
initialized. Only beacon packet transfer takes place. From
these beacon packets certain constraints about location is
made. The current estimate and new the constraint are
compared and new location is noted and broadcast to all other
sensors. This method ensure that every node receives one
beacon message from each anchor.

G. Different mobile anchor movenment

In the case, of static sensor and mobile landmarks, the
anchor moves through the sensing field [38]. The anchor
follows different algorithms, and it periodically broadcast its
coordinates as beacon message. These beacon messages is
further used to calculate the location. Location is calculated by
the perpendicular bisector of a chord pass through the center. In
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order to construct two valid non parallel chords three beacon
points are needed so that the mobile node must pass through
the sensor at least two times. In [3],[5],[39] different path
planning schemes are proposed for mobile sensors which are
SCAN, HILBERT, DOUBLE SCAN, CIRCLES, S-CURVES.

1) SCAN and DOUBLE SCAN: In this method, mobile
node moves in only one direction either x or y direction.
Resolution of SCAN method can be defined by the distance
between the two adjacent vertical segments. SCAN method
has a disadvantage of collinearity of beacon points, ie sensor
gets beacons from a single vertical segment. If resolution is
properly chosen then the collinearity problem can be avoided
[4]. Consider sensors are located at all corners of the sensing
field. SCAN doesn’t scan the corners of the field. So virtually
the sensing field has to extended so that the sensors at the
corners get beacon messages. Consider the communication
range of a sensor is R and maximum resolution 2R, if L is the
length of square. In [4] a modified SCAN method is proposed
which, virtually extends the field by a distance of R. So all
sensors get localized. Obstacles are also included in the
sensing area[40-44], So obstacle resistant mechanism and
virtual beacon selection are used in [4]. In order to avoid
collinearity DOUBLE SCAN is used. The mobile node covers
both x and y directions. In DOUBLE SCAN the mobile anchor
first moves along the y axis, like SCAN then it step towards
the x axis. So the path length of DOUBLE SCAN is two times
that of SCAN and the execution time also increases.

2) HILBERT: It is a space filling curve. It consists of
many turns. So collinearity problem is solved and path length
is also lesser than SCAN. The complexity of HILBERT curve
depends on the level chosen. For an n level HILBERT curve
the entire square plot is divided into 4" square cells. Center of
each square is connected using 4" line

3) CIRCLES and S-Curves: Other methods are
introduced by Huang and Zaruba [5] to avoid the collinearity
problem introduced in SCAN. In CIRCLES the mobile anchor
moves according to concentric circles with resolution R. In
order to travel along the corners of the field the path should be
increased. S-Curves are similar to SCAN. The mobile anchor
moves like ’S’ curve in one direction. In this method since
more turns are used collinearity can be avoided

I1l.  CONCLUSIONS

In this paper different localization schemes used for
locating wireless sensors are discussed. Sensors in different
scenarios are also considered. In [4] a modified path planning
scheme is proposed for localization. The mobile anchor moves
in one direction and periodically broadcasts a beacon message.
Modified SCAN in [4] ensures the localization of all the
sensors in the field. RADAR method is one of the simplest and
oldest methods to determine the location information.
Localization also uses with or without anchors. Using small
number of GPS enabled devices anchor localization can be
achieved.
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