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Abstract
The mechanism for finding the position of sensor node is crucial
for many sensor network applications. Most sensor networks
which can tolerate coarse accuracy look range free localization
mechanism as its solution. We have proposed a novel algorithm
where beacon nodes are randomly distributed and sensor nodes
estimates the beacon nodes at different levels according to
signal strength. We determine the location of sensor nodes by
using this information. We assume the communication range of
sensor and beacon nodes are same. The experimental results are
encouraging. We found that in our experimental results. The
mean localization error (mle) is less than 20% of the
communication range. We have shown comparison between the
centroid localization algorithm, dv-hop algorithm and our
algorithm.
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1. Introduction
A wireless sensor network consists of large number of
densely deployed sensor nodes which consists of
processing and memory constraints. These sensor
networks have been proposed for various applications
which consists location of sensor nodes as important part
of their state. Localization is the method of position
estimation of sensor nodes in a plane.
There are many proposed algorithms for finding per node
location which can be divided into two categories: rangebased and range-free, according to the mechanism used
for location estimation. Range-based algorithms make use
of absolute point-to-point distance estimates or angle

estimates for calculating location. Range free algorithms
do not make use of any such information. For contextaware applications that select services based on the
location [1-2], and the sensor networks that achieve power
conservation by combining data from multiple sensors,
localization is absolutely necessary. Moreover, location
information on a scale with transmission range can enable
geographic routing algorithms that can propagate
information efficiently through a multi-hop network [3].
For such type of applications, the cost overhead due to the
use of extra hardware on sensing nodes prevent the use of
range-based localization schemes. Therefore we have
employed a range free localization mechanism. Our
algorithm is an easy-to-use algorithm which is able to
distinguish the near and far beacon nodes and the location
is found such that it gives minimum error.
The remainder of this paper is organized as follows:
Section 2 discusses related works. In section 3, we have
presented our proposed algorithms. Experimental results
are presented in section 4. Section 5 discusses the finding
of our work.

2. Related Work
In this section, we review work relevant to our work.
Since every work achieves a different goal, they vary
widely in parameters like accuracy, cost, size,
configurability, security, and reliability [4-5].
Having GPS receiver on every sensor node is costly and
therefore it is not feasible. Most of the schemes share
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common features like, they use some nodes, called beacon
nodes, which know their own location (e.g., through GPS
receivers or manual configuration). Other sensors
estimate their locations based on the information provided
by these beacon nodes. The localization schemes can be
broadly categorized into: range-based and range-free.
Range-based approaches provide high accuracy and
generally, location is discovered using trilateration
(position estimation from distance to three known points)
or triangulation (position estimation from angles to three
known points). Active Bat [6] and Cricket [7] measure
time-of-arrival based on two different methods of
communication, ultrasound and radio. These signals
travel at different speeds and this enables the radio signal
to be used for synchronization between the transmitter
and the receiver, and the ultrasound signal to be used for
ranging. In RADAR indoor location system [8], distance
is computed from received signal strength by applying a
Wall Attenuation Factor (WAF) based signal propagation
model. The distance information is then used to locate a
node by trilateration. The responsibility for localization
lies with beacons.
Range-based schemes require some special hardware to be
employed with a sensor node. To overcome these
limitations of the range-based localization schemes,
range-free schemes have been proposed.
Under the range-free localization algorithm Niculescu et
al [9], proposed the DV-Hop localization scheme, which
is very similar to the traditional routing schemes based on
distance vector. In DV-Hop scheme, a distributed, hop by
hop positioning algorithm, the implementation of the
algorithm comprises of the following three steps. First, it
uses a classical distance vector exchange so all the nodes
in network get their distances, in hops, to the landmarks.
And then, node estimates an average size for one hop,
which is then used as a correction to the entire network.
Finally, unknown nodes calculate their location by
trilateration [13].. He et al. proposed a point-in
triangulation test (APIT) algorithm in [10]. Using three
anchors, APIT make use of an area-based method to
compute node position. Amorphous [11] algorithm is also
similar to the DV-Hop, but the difference is it assumes to
know the network density in advance, and uses offline
type of hop-distance estimations. It is proposed to
generate relatively accurate coordinate system on
distributed processors via local information. Triangulation
method is also used to estimate a node’s location.
Centroid algorithm [12] is one of the simple range-free
localization algorithm. The node receives signals from

beacon nodes in its communication area and makes its
coordinates as the centroid of these beacon nodes. Thus
the hardware of nodes can be made simple but, at the
same time it pays through its low precision. Centroid,
DV-Hop, Amorphous, APIT all lie under distributed
algorithms and can be characterized by simple computing,
low traffic and scalable ability.
Range-free localization schemes are little affected by
environmental factors, and additional range schemes are
not needed. Therefore, these characteristics make such
schemes suitable for WSNs of simple node, low cost and
large scale.

3. Our Algorithm
In our algorithm, we first consider the beacon nodes (B1,
B2,….., Bn ), which are in communication range of the
sensor node whose location has to be estimated. Then we
divide the beacon nodes in ranges very near, near & far
which are represented by 1, 2 &3 respectively shown in
the fig. 1. We make such approximations by using the
received signal strength which is derived from study done
in paper Range free localization schemes for large scale
sensor network [10] which is shown in fig. 2 the figure is
taken from [10].
In [10], the authors mentioned that if the scheme does not
make any assumptions of the absolute distance to the
sensor nodes the scheme is considered as range free. This
algorithm is almost successful in allocating location to the
sensor node nearest to it. We find that our algorithm is
very simple in computation.
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Fig.1 Schematic diagram for representing a possible
scenario for a sensor node .

Fig.2 Signal strength at different distances.

We find the location of sensor nodes as follows:
For each beacon node in range of sensor node:
<B1, B2…………………,BN>
Find beacon nodes very near <VN1,VN2,……,VNvn >,
near <N1,N2,…..,Nn > and Far <F1,F2,……Ff >.
if((vn!=0 && n==0 && f==0)||(vn>0 && vn<=3))
Location of sensor = (VN1+ VN2+…+VNvn)/vn;
if((vn==0 && n!=0 && f==0)||(n>0 && n<=3 &&
vn==0))
Location of sensor = (N1+ N2+…+Nn)/n;

in VN, which is near to any beacon node in N.
Find the number of centroids <L1, L2..............., Ll>
of each possible triangle formed by beacon nodes in
VN, which is very near to any beacon node in N.
if(m!=0)
Location of sensor= (M1+M2+……..+Mm)/m;
else
Location of sensor= (L1+L2+……..+Ll)/l;
if(vn==0 && n>3 && f!=0)
Find the number of centroids <M1, M2…………, Mm>
of each possible triangle formed by beacon nodes
in N, which is near to any beacon node in F.
Find the number of centroids <L1, L2...............,Ll>
of each possible triangle formed by beacon nodes in
N, which is very near to any beacon node in F.
if(m!=0)
Location of sensor= (M1+M2+……..+Mm)/m;
else
Location of sensor= (L1+L2+……..+Ll)/l;

4. Experimental Results
In our experiments we have shown comparison of our
algorithm with the centroid and DV-Hop algorithm. The
parameter for each algorithm is kept same.
Simulation Scenario: Sensor nodes are deployed in an
area of 50 x 50 sq. communication range of beacons and
sensor nodes is 15
units.

if((vn==0 && n==0 && f!=0)
Location of sensor = (F1+ F2+…+Ff)/f;
if(vn>3 && f!=0 )
Find the number of centroids <M1, M2……………, Mm>
of each possible triangle formed by beacon nodes
in VN, which is far to any beacon node in F.
Find the number of centroids <L1, L2..............., Ll>
of each possible triangle formed by beacon nodes in
VN, which is near to any beacon node in F.
if(m!=0)
Location of sensor= (M1+M2+…..+Mm)/m;
else
Location of sensor= (L1+L2+……..+Ll)/l;
if(vn>3 && n!=0 && f==0)
Find the number of centroids <M1, M2…………, Mm>
of each possible triangle formed by beacon nodes

Fig. 3 Plot between mle and Number of Sensors deployed
Fig. 3 Shows the effect of the number of deployed sensor
nodes on mle when the number of beacon nodes is 100.
We observe that the mle is almost 0.135 times of the
communication range number in our algorithm while mle
of centroid localization and dv-hop algorithms is greater
than it.
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Fig. 4 Plot between Number of beacon nodes and mle
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Fig. 4 Shows the effect of the number of beacon nodes on
the mle when the number of sensor nodes and
communication range are 100 and 15units respectively. It
is seen that the mle decreases as the number of beacon
nodes increases. However the mle in our algorithm is
much less than centroid localization and dv-hop method.

[6]

[7]

[8]

[9]
[10]

[11]

[12]
[13]

Fig. 5 Plot between Error in localization and its
Probability
Fig. 5 Shows the comparision of our algorithm, centroid
localization and dv-hop mechnaism for probability
distribution of the Error in localization for 100 sensor
nodes with communication range of 15 units and 100
beacon nodes.

5. Conclusion
Range free localization is preferred for the given
constraints of the devices in the sensor network. This
paper has shown comparision and gives promising results
as shown in graph.
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