World Academy of Science, Engineering and Technology
International Journal of Electronics and Communication Engineering
Vol:9, No:10, 2015

Indoor Localization Algorithm and Appropriate
Implementation Using Wireless Sensor Networks

Open Science Index, Electronics and Communication Engineering Vol:9, No:10, 2015 waset.org/Publication/10002797

Adeniran Ademuwagun, Alastair Allen

Abstract—The relationship dependence between RSS and distance
in an enclosed environment is an important consideration because it is
a factor that can inﬂuence the reliability of any localization algorithm
founded on RSS. Several algorithms effectively reduce the variance of
RSS to improve localization or accuracy performance. Our proposed
algorithm essentially avoids this pitfall and consequently, its high
adaptability in the face of erratic radio signal. Using 3 anchors in
close proximity of each other, we are able to establish that RSS can be
used as reliable indicator for localization with an acceptable degree of
accuracy. Inherent in this concept, is the ability for each prospective
anchor to validate (guarantee) the position or the proximity of the
other 2 anchors involved in the localization and vice versa. This
procedure ensures that the uncertainties of radio signals due to
multipath effects in enclosed environments are minimized. A major
driver of this idea is the implicit topological relationship among
sensors due to raw radio signal strength. The algorithm is an area
based algorithm; however, it does not trade accuracy for precision
(i.e the size of the returned area).
Keywords—Anchor nodes, centroid algorithm, communication
graph, received signal strength (RSS).

I. I NTRODUCTION

L

OCALIZATION is the process of estimating the position
or spatial coordinates of wireless sensors. Localization
techniques using wireless sensor networks (WSN) are
employed to estimate the location of devices within a network
of sensors of relatively known positions using inter-sensor
measurements such as distance, time difference of arrival,
angle of arrival and connectivity [1], [2]. Sensors with a priori
known location information are called anchors, and the anchor
locations can be estimated using GPS, coordinate systems or
geographical mapping also know as ﬁnger printing [3], [4] of
a physical environment. However, in our case study we are
focused on using coordinate system and connectivity in an
enclosed environment.
Localization using WSN relies on measurements;
inter-nodal distance measurements between anchors using
the coordinate system and the knowledge of the enclosed
geographical area. Other factors that inﬂuence localization
using WSN are the network architecture, the average node
degree (i.e the average number of neighbours per sensor), the
distribution of sensors in the area and the geometric shape
of the network area. The aforementioned factors are key to
the choice of algorithm to be employed and the accuracy of
the estimated location. The measurements, using a typical
WSN localization system can be related to the coordinates of
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sensors using the following generic formula:
S = h(U) + e

(1)

where S is the vector of all the measurements, U contains
the true coordinate vectors of sensors whose locations are to
be estimated and e is the vector due to measurement errors
[5]. The wireless signal strength received by a sensor from
another sensor is a monolithically decreasing function of their
distance. This relationship between the received signal strength
and distance is modelled by the following log-normal equation
[5]:
Pr (d)[dBm]=P0 (d0 )[dBm]-10np log10 dd0 +Xσ

(2)

where P0 (d0 ) [dBm] is a reference power in dB milliwatts at
a reference distance d0 from the transmitter, np is the path
loss exponent that measures the rate at which the received
signal strength decreases with distance, and Xσ is a zero mean
Gaussian distributed random variable with standard deviation
σ and it accounts for the random effect caused by shadowing.
Both np and σ are environment dependent. The path loss
exponent np is typically assumed to be a constant.
Most of the existing localization algorithms use some forms
of RSS-distance proﬁling based localization techniques [6][8]. RSS proﬁling-based localization techniques works by
ﬁrst constructing a form of map of the signal behaviour
of each anchor node within the coverage area. The map is
obtained either off-line by a priori measurements or online
using snifﬁng devices deployed at known locations [6]. This
technique can also be referred to as Fingerprinting or signal
mapping. Another method is the geometric methods, which
is carried out by employing trilateration, triangulation or
hyperbolic methods for localization using WSN [9], [10].
The simplest form of measurement in WSN are connectivity
measurements [11]. In this type of measurement, sensors
receive signals from other sensors within its transmission
range. These signals can be translated into binary distance
measurements, which implies that it is either a sensor is within
range or not. A sensor within the transmission range of another
sensor deﬁnes the proximity between the 2 sensors. Hence, our
algorithm seeks to establish in its simplest form that a free
node in the neighbourhood of 3 anchors is very close to the
3 anchors and consequently use the centroid of the 3 anchors
to estimate the location of the free sensor. However, in reality,
where there are likely to be a cluster of more than 3 anchors
and the likelihood that the free sensor will receive signals from
more than 3 anchors, the challenge is to decide which of the
3 anchors are closest to the free node. This problem is further
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compounded when localization is indoors, due to multipath
effect of radio wave propagation in an enclosed area. Thus,
the need to decipher between the anchors that are close to the
free node and the ones that are far away.
In this paper, we propose an overview of the position
estimation algorithm and its beneﬁts. First, we analyse RSS
characteristics using some data samples collated from indoor
experiments with MicaZ, second discus the algorithm and
lastly, the novelty of the research.
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II. RSS AS A C ONNECTIVITY I NDICATOR
It is often too difﬁcult to model RRS relationship with
distance conditions that would be generally applicable for
most indoor environmental conditions. The inverted-F antenna
installed in the ChipCon CC2420 radio is non-isotropic.
Hence, simple radio models that assume a perfect, spherical
radio range will not accurately predict or describe real-world
radio characteristics [12]. Consequently, simple connectivity
became the object of the indoor experiments conducted using
8 MicaZ sensors. Four sensors, each cluster covering a
geographical space of about 16m2 and each cluster about
5m apart. Using Matlab, the 15 data RSS sample readings
concurrently taken from 2 different locations was modelled
as a 200 data sample experiment. Each data sample was
the average reading of the 3 best RSS values from each
cluster. This is so because, only 3 anchors will be required
for localization.

Fig. 1 RSS Characteristics as concurrently observed from 2
different locations in an indoor environment
Fig. 1 is the plot of the RSS values at the locations, while
Fig. 2 is a scatter plot indicating the density of RSS reading at
each location. An analysis of the plot shows that the deviation
of the cluster of anchors closer to the reference sensor was
lower than the deviation of the cluster of anchors farther from
the reference sensor (2.317 and 4.795 for the closer and farther
clusters respectively). Also the range between the maximum
and minimum RSS values between the clusters closer to the
reference sensor was 7dBm as compared with 16dBm for
the clusters farther away from reference sensor. These values
should be expected because range estimation error, when it
can be quantiﬁed, is typically proportional to range such that
short range measurements are more accurate within a few
meters than longer range measurements. RSS measurement for
ranging is a near versus far technique that can provide fairly
accurate information about proximity but less accurate with

International Scholarly and Scientific Research & Innovation 9(10) 2015

Fig. 2 Scattered plot indicating RSS density at each location

regards to true range. This connectivity variation forms the
basis of our algorithm. A knowledge of distance is not essential
in this algorithm, what is important is that the algorithm
provides information about the relative positions of objects
of interest within a known enclosed geographical space.
III. L OCALIZATION A LGORITHM
This is a proximity based algorithm because only the
anchors above a certain RSS threshold will be considered
in the localization process. The algorithm comprises three
main phases; selection of reference anchor nodes, isolation
of the three anchor nodes to be used in localization, which
we also refer to as the ’polling phase’, and localization of
the non-reference or free node. The focus will be on the
local network topology, which is the communication graph
formed by the anchors in the proximity of the node to be
localized, rather than the global topology. The local topology
or the communication graph will be formed by a set of active
links between some anchors and the node to be localized. The
network topology will consider a graph G = (V,E) to represent
communication network. Where V is the set of all anchor
nodes in the communication graph and E the edge linking
the free node to the anchors or linking anchors to anchors.
The ﬁrst step of the algorithm is that the free node ranks
the RSS values from the anchors in its proximity. The second
step is to select the ﬁrst 3 anchors with the strongest link to
the free node. However, a condition must be met during this
phase; given that V is the set of all nodes in the communication
graph and there is an edge (v1 ,v2 )∈E⊆V 2 if and only if
anchors v1 and v2 can directly communicate with each other.
Any asymmetric link is discarded in this algorithm because of
lack of bidirectional communication. Consequently, the three
anchors in the localization process must have bidirectional
links with each other. The last phase will estimate the position
of the free sensor through a simple centroid estimate as given
in the equation below:

(Xest , Yest ) =
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TABLE II

The algorithm will be employed in processing the location
of a free node at the position X in the communication graph
of Fig. 3.

N ODES ABDH A RE A NCHORS WITH B IDIRECTIONAL L INKS WITH E ACH
OTHER

Fig. 3 A communication graph of anchors and a free node

A NCHORS ABD A RE S ELECTED ’VOTED ’ FOR THE L OCALIZATION P HASE

TABLE III

Fig. 3 is a communication graph of set of anchors
ABCDEFGH, while X is the location of the free sensor to
be localized. The free sensor tabulates RSS signals from
anchors in its vicinity as indicated in the yellow diagonal
boxes in Table I. The second phase, which we call the polling
TABLE I
S ENSOR X TABULATES OF RSS VALUES FROM A NCHORS IN I TS V ICINITY

ABD) is calculated using the coordinates of the selected
anchors, as shown in Fig. 4.

phase, is where the free node select the 3 anchors with the
highest average among the anchors that have bidirectional
links with each other as in Table II. In this case, looking at
anchor A; anchor A reads the RSS of anchors B,C and D
as −50dBm, −35dBm and −45dBm respectively. However,
anchor A cannot read anchors C,E,F and G or their RSS
value is below the required threshold, hence their readings are
discarded. Likewise, anchor H, reads A,B,D as −45dBm,
−25dBm and −30dBm respectively but can also not read
anchors C, E, F and G. Hence, in this instance, anchors ABD
have the highest RSS combination average among the anchors
with bidirectional RSS link (i.e. anchors ABDH) with each
other. This is indicated in Table III.
In the third and ﬁnal phase, there are two iterative steps, ﬁrst
the centroid (X) of the selected three anchors (i.e. anchors
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Fig. 4 Anchors ABD are used to calculate the centroid X
The second step is to use the new coordinate (X) in
conjunction with the 2 anchors with the higher RSS average
(anchors AB in this case) to calculate a new and ﬁnal centroid,
X  , as shown in Fig. 5.
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V. C ONCLUSION

Fig. 5 Position X and anchors BD to calculate the ﬁnal
iterative position X’

Analysing the RSS from a single anchor with respect
to distance, produces inconsistent RSS-distance relationship,
particularly in enclosed environment. However, concurrently
examining in group, a combination of 3 anchors among
anchors that are evenly distributed within an enclosed
environment, produces a more reliable information, from
which the location of a free node can be estimated.
The algorithm proposed in this article, relies on this
technique to consistently isolate the 3 anchors that are in close
proximity to a free node, or any sensor of interest, for the
purpose of localization. This process is able to isolate the
need for the direct correlation between RSS and distance and
replace it with a proximity concept that will enable us localize
an object within a certain region with a consistent level of
accuracy. The algorithm is an area based algorithm.
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