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ABSTRACT

Distance based localization techniques have always been of
interest among researchers. The free received signal strength
index (RSSI) requires no extra hardware for distance
measurement. Authors in this paper assume that RSSI based
distance estimation technique will have some error due to
noisy RSSI readings. The localization algorithm proposed
here takes into account this error and localizes a WSN in three
stages. Due to this error in distance, nodes in neighbor of
three anchor nodes determine their uncertainty region with
some accuracy and become virtual anchors. These nodes then
help other nodes in the network to determine their region.
These non virtual anchor nodes collaborate among themselves
to further decrease the size of uncertainty region. The
collaborative nature of nodes is exploited to increase the
accuracy and precision of localization. The authors in this
paper have used only three anchor nodes to localize a full
blown Wireless Sensor Network (WSN) of 100 nodes with
better accuracy compared to existing techniques using RSSI
till date. Authors also analyze the energy and communication
cost involved in localization process.
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1. INTRODUCTION

With the ever increasing applications of WSN, the need for
robust localization technique has also arisen. Localization
plays an important role in the key application areas of
Wireless Sensor Networks (WSN). For typical applications
like road traffic monitoring, health monitoring, efficient
routing, target tracking, inventory management, remote
environment surveillance, it is hard to image that information
will be of real use if not tagged with location information.
WSN localization is estimation of the locations of sensors
with reference to some local or global coordinate system by
using knowledge of inter-sensor node measurements like
distance and/or angle. Some localization techniques do not
even require these measurements; like hop count [1], [2],
APIT [3] and bounding box. But these localization techniques
are very prone to errors due to obstructions [4] in the
deployment region and are therefore least accurate.

For a WSN comprising of few nodes, individual locations can
be programmed manually. Nevertheless when the number of
nodes in a WSN is in hundreds or thousands or nodes are
placed randomly in a hostile environment; an automated
procedure for localization of nodes is required. Since the
localization is a vital operation in WSN, therefore any
solution proposed for localization has to take accuracy and
efficiency as performance metrics. For localization to begin,
few sensor nodes with known location information are
required and are known as anchors. Their locations of anchor
nodes can be determined by using a global positioning system
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(GPS), or by placing these anchors at points with known
coordinates. But use of GPS equipment on all nodes is not
feasible as localization is not the only goal of a WSN
application, it is a step in the formation of WSN and using
costly GPS equipment on each node would add to the
hardware and energy cost which doesn’t gel with the idea of
wireless sensor networks having small, low energy and low
cost sensor nodes for efficient sensing and communication.
Detailed issues related to the use of GPS have been already
been discussed in [5], [6], [7]. Considering all these issues,
GPS cannot be proposed to be used for all the nodes in a
network.

2. RELATED WORK

A number of localization schemes have been proposed so far
which rely on some inter-node measurements for further
computation of location of unknown nodes. Since the work
proposed is based on RSSI distance approximation, therefore
the related work presented here primarily focuses on distance
based localization schemes. The limit of localization accuracy
is given by Cramer Rao lower bound (CRLB). As per [8]
using RSSI for distance measurement, the CRLB of accuracy
is 50% of average inter-node distance, which is acceptable for
most of the outdoor applications but for an indoor
localization, this error may be large. Most of the localization
schemes using RSSI have been able to be more accurate than
CRLB and are discussed below.
The localization schemes can be classified on the basis of
different aspects like:

a) Centralized vs. distributed,

b)  Anchor based vs. Anchor less and

c) Range based vs. Range free
The authors in [9], presented an MDS-MAP based centralized
algorithm for computing the coordinates of unknown nodes
after approximating the distances between the nodes using
shortest path algorithm, whereas in [10], a centralized
minimum least square approximation (LS) method is used for
localization after distance approximation using RSSI
measurements. Scheme proposed in [9] has localization error
of 50% or radio range when distance error is 20 % of it and
[10] has 45% of error with respect to the average node
distance. In [11] using GA, the location error has decreased
below 25% of the transmission range but requirement of
number of anchor nodes has increased significantly adding to
the cost of the system. The distributed algorithm in [12] was
able to decrease the error significantly up to 6 cm, but at the
cost of using mobile nodes and acoustic energy for distance
approximation. In [13] the authors have used Kalman filter
based distributed localization algorithm to determine the
location of nodes in WSN with mean error less than 28mm,
but the simulation parameters assume the Gaussian noise
contributing to the measurement error is less that 1% of the
radio range. The distance measurement techniques till date
have not been accurate so far. In most of the applications the
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global coordinates are rather preferred than just local
coordinates therefore, anchor based localization has been in
focus recently.

In [14], box type distance based localization scheme is
implemented. The error of localization with more than three
anchors in a deployment region of 100m x100m with distance
error equal to 20% of communication range is nearly equal to
1.7m and variance 1.3m? respectively. Centroid based
algorithms [15] estimate the location of a sensor by
calculating the centroid of anchors within communication
range. These types of techniques require sufficiently large no.
of anchors as at least three anchors are required in the vicinity
of each unknown node to approximate its location. This also
requires a large number of anchors. In other range free
techniques like APS[16] and Hop-TERRAIN, the no. of
anchors required are less but there is small error in
localization only when the shortest paths between anchors
and unknown nodes approximate to their actual distances. Out
of the various range free anchor based localization schemes
[15], [16], [17], [18] the anchor based localization scheme
proposed in [17] is a range free and gives birth to the concept
of a new term called virtual anchors. The scheme utilizes the
reliable minimal hop length as the threshold to differentiate
between reliable anchors and unreliable anchors.

In contrast to anchor based localization schemes, the anchor
less schemes require inter node distance measurement for
creating a local map of the nodes. The local map created is not
a unique one and can be stitched to any coordinate system
with the help of translation, rotation or flipping. The MDS-
MAP scheme like in [9] can create a local map of the nodes in
WSN without anchors but at least three anchors would be
required to create a global map without flip ambiguity
problem. Authors in [21] have proposed to use multiple power
levels to determine distance range and collaborative
communication between nodes in a multi-anchor scenario to
localize a WSN.

All the schemes discussed above require more than three
anchors for localization error within acceptable limit for
indoor or outdoor localization. The communication cost is a
major factor deciding the lifetime of small sized sensor nodes.
Most of the schemes have not taken communication cost as a
metric of performance of localization scheme.

3. PROBLEM STATEMENT

Due to various factors as discussed before, the distance
measured between two nodes using RSSI has some error
associated with it. The error in actual and estimated location
coordinates (x;, y;) and (X, Y,) of an unknown node
respectively can be calculated as:

e=|d— VG- %)+ 01 -3 0)

In [19], the approximate error in distance measurement using
RSSI is shown =1.5m for range >15m indoors and 5m for
range of 100m outdoors. Recent advancements in the
direction of increasing distance measurement accuracy [20]
have shown that using Gauss model for processing RSSI data
it is practical to assume that distance error will be within 7 to
17% of actual distance.
We now formulate the problem that we have tried to solve.
Assuming:
a) The inter node distance using RSSI measurement
follows Gaussian distribution.
b) All nodes can communicate in duplex mode.
c) At least there is one unknown node within the
communication range of three anchor nodes.
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d) AIll nodes can compute simple geometric
computational algorithm like: intersection, dilation etc.
Develop a distributed localization scheme with high accuracy
so that e is minimized. The localization scheme should be
able to exploit the collaboration within nodes to reduce the
error propagation away from anchors and not put burden on
network by increasing the communication between nodes as
localization is not the only aim of wireless sensor networks.

4. PROPOSED SOLUTION

The three anchor nodes Al, A2 and A3 transmit their location
to all the nodes in communication range. In a scenario shown
in fig-1, there is one unknown node U1 in the communication
range of all three anchor nodes and receives the location of
these anchor nodes. With RSSI measurement, the distance is
approximated with an error of 10 % of actual. The localization
algorithm is divided into three stages i.e. populating virtual
Anchors, localization using virtual anchors and lastly
internode localization.

4.1 Populating Virtual Anchors

For all nodes, first step is to determine if they are within
communication range of at least three anchors and if yes then
these nodes determine their location using trilateration. These
nodes which take part in first stage of localization using
trilateration from three anchor nodes are named as virtual
anchors. For explanation of algorithm, the example of three
anchors (A1, A2 and A3) and one virtual anchor (U1) is taken
as in fig-1. Using distance measurement from anchor nodes
Al to A3, the Ul node updates its feasibility region as
intersection of the deployment area with the circular ring
formed around anchor nodes. The node U1’s feasibility region
is approximated as shown in fig-1.
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Fig-1.Anchors Al, A2 and A3 help determine the
feasibility region (red) of unknown node U1.

These virtual anchors after trilateration assume their position
to be at the center of region formed as VAL in fig-2. The
advantage of populating virtual anchors is that these nodes
have best approximation of their location next to actual
anchors and can be used to localize other nodes.

4.2 Localization Using Virtual Anchors

At this stage of localization, all other nodes take help of
anchor and virtual anchors to determine their location. As
shown in fig-2, the node VAL then transmits its feasibility
region’s (X, y) coordinates to the other nodes in the
communication range. Other nodes which are at one hop from
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at least two anchors and this VALl determine their own
feasibility region using trilateration only.
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Fig-2: Anchors Al and A2 with the help of VA1
determine the region of unknown node U2 and
Anchors A2 and A3 with the help of VA1 determine
the region of node U3

4.3 Internode Localization

After all nodes determine their regions using anchors and
virtual anchors, now it is turn of these nodes to collaborate
with each other to help reduce their region without using
anchors and virtual anchors.
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Fig-3: U2 helps U3 reduce its feasibility region.

As shown in fig-3 and 4, the nodes U2 and U3 collaborate and
reduce each other’s feasibility region.
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Fig-4: U3 helps U2 reduce its feasibility region.
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Node U2 sends its x,y coordinates to the U3 and then U3
updates its region as intersection of old region with the new
region w.r.t. U2 are shown in fig-3. This region of U3 helps
U2 to further reduce its region as shown in fig-4.

The final regions of U2 and U3 are shown in fig-5.
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Fig-5: Final regions of U2 and U3.

The key to this proposed solution is reduction of error
propagation by effective collaboration among nodes. The
proposed solution is different from an approach used by
authors in [16] as the concept of virtual anchors does not exist
there and the localization process there does not seek for at
least three anchors in the neighborhood for localization of an
unknown. The advantage of virtual anchors is that with
limited no. of actual anchors, the total no. of anchors (actual +
virtual) is more. This increased no. of anchors helps reduce
flip ambiguity which is a prevalent phenomenon and
contributes largely to localization error in distance based
techniques [18]. Moreover the data packet format in our
proposed scheme does not include power level field as it is
kept maximum for all nodes and is almost identical for all
homogenous nodes, therefore no need to broadcast this
information over the network.

5. PERFORMANCE ANALYSIS

For performance of proposed algorithm it is analyzed in
Matlab®, where 100 unknown nodes are deployed in 100m x
100m region randomly with 3 anchor nodes as shown in fig-5.
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Fig-6: Deployment scenario. ‘Green’ and ‘blue’ nodes
are unknown anchor nodes respectively.
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All nodes can communicate with other if distance between
them is smaller than range R=30m except anchor nodes,
which have communication range up to 70 m. This extended
communication range of anchors is assumed because anchor
nodes are more powerful in terms of resources when
compared to other nodes..The error in distance estimation
using RSSI is assumed to be from 5% to 30% of R, which is a
quite practical range compared to the previous studies [15],
[17], [18].
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Fig-7: Feasibility regions of unknown nodes after 3
iterations

The proposed algorithm is run for three iterations and after it
the regions of unknown nodes are shown in fig-7.

Fig-8: Estimated ‘red’ vs. actual ‘green’ locations.

It is worth noting that there are few nodes like one near to (20,
30), which do not have a singular feasibility region.

The cause of this flip ambiguity is non availability of three
non collinear nodes in the communication range and has
already been discussed in detail in [18].

After the nodes have their final regions, their singular (X, y)
coordinates are approximated as mean of all coordinates. The
final locations assumed as mean of feasibility regions of all
unknown nodes are shown in comparison to the actual
locations in fig-8. The nodes with flip ambiguity have the
more error of localization compared to other nodes. This flip
ambiguity can further be eliminated by using nodes with
higher density.
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5.1 Localization Error vs. Iteration
Localization error is calculated using (i). There is
significant decrease in error from 1% to 3" iteration, but in
4™ and 5" iteration, there is not much improvement.
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Fig-9: Mean Localization Error per Iteration.

This is because, error reduction after a fixed value is not
feasible due to flip ambiguity caused in some of the nodes
as shown in fig-9.

5.2 Localization Error vs. Distance Error
Table-1 below shows the relationship between error in
distance vs. localization error and standard deviation.

Table-1. Relation between localization error vs.
ranging error.

ErrorinR Mean error in SD. ofeinm
as % of R m e

5 0.53 0.88

10 0.7 0.84

15 1.09 0.99

20 1.33 1.81

25 1.52 1.21

30 1.58 2.50

It is clear from the table-1 that with the increase in ranging
error from 5% to 30 % of R, the localization error
increases significantly, but the maximum mean error with
30% of R is nearly 1 m and 53cm cm in 5 % error of R,
which is comparable to the localization techniques
proposed in [9],[10],[12],[13],[14] and [17]in such scenario.

5.3 Analysis of Energy Consumption and

Communication Cost

The total power required is a sum of both the power required
to transmit messages and the power required to receive (or
process) messages. We determine the no. of messages
transmitted and received for localization process. Excluding
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anchor and virtual anchor communications which are very
less, an unknown node k transmits its ID and Uncertainty
region coordinates to all the N, nodes in its communication
range. Therefore the total transmissions and receptions by kth
node are equal to Ny and total messages transmitted on
network will be given by:

Nr = 2R, Ny (i)

Where M, is the total number of unknown nodes in the
network excluding anchors and virtual anchors.

Assuming power required for transmission and reception of a
message packet is equal to Pr, and Py, respectively, the total
energy required for communication will be:

Pp = YLy Ny [Prye + Pry] (iii)

Where Pr, + Pry, =137 mW [23], if supply voltage is
assumed to be 3.6V and current consumption for Tx mode and
Rx mode nearly equal to 19mA. Therefore eqn. (iii) becomes:

Pr =2743M Ny (iv)

Same modeling for communication can be done for other
types of localization algorithms; therefore it can be assumed
fairly that the energy consumption by proposed technique is
equivalent to other distance based localization techniques
including [21]. Moreover we propose that once localization
process is complete, the node ID can be replaced by its x, y
coordinates to save energy further.

6. CONCLUSION

A localization technique with inaccurate distance information
from noisy RSSI values is presented. The nodes collaborate
with each other to reduce error propagation. It is observed that
most of the error is reduced in first iteration of algorithm only.
To the best knowledge of authors, the mean error is less than
any other existing technique till date. The communication
cost per iteration is also comparable to the existing
techniques. At the same time it was observed that the mean
error and area reduction per iteration is not significant after 3"
iteration. Proposed algorithm has also shown that using only
three anchors, the desired accuracy of few centimeters is
possible with 3 iterations of the algorithm making it suitable
for indoor localization applications.
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