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Abstract. In received signal strength (RSS)-based indoor localizations,
the localization accuracy of a target node highly depends on the accuracy of estimated distances relative to anchors having a known location.
Because RSS measurements are translated into distances by the path
loss model (PLM), the accurate and prompt characterization of PLM
parameters is crucial for improving the localization performance, especially as the wireless channel environment dynamically varies over time.
Here, we propose a zero-configuration method based on inter-anchor measurements in order to accurately characterize PLM parameters with no
oﬄine onsite measurements. We then describe and compare two diﬀerent
approaches for converting the RSS measurements to the corresponding
distances.
Keywords: Zero-conﬁguration, localization, received signal strength,
path loss model.
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Introduction

With the advent of ubiquitous computing environments, received signal strength
(RSS)-based indoor localization techniques have received considerable attention
because of their advantage of easy implementation on existing wireless local area
network (WLAN) infrastructure. In this paper, we consider a WLAN comprised
of anchors with known locations and target nodes to be localized. For example,
the access points (APs) of IEEE 802.11 WLAN deployment can serve as anchors
in an indoor environment. Each anchor node periodically broadcasts beacons
tagged with its ID, and records the RSS of beacon broadcasts. When a target
node broadcasts a localization request packet, the anchor nodes measure the
RSS of the request packet and estimates the location of the target node by using
the path loss model (PLM), which characterizes the mapping between the RSS
measure and the geographic distance.
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Proposed Localization Algorithm
Zero-Configuration Localization

In this paper, we propose a zero-configuration method [1] based on inter-anchor
measurements, which periodically performs RSS measurements among the anchor nodes within the transmission range of each other, to realize the fully automated and online calibration of RSSs in the time and spatial domains. Because
the RSS measure is susceptible to the physical characteristics of wireless networks, such as multi-path fading and signal attenuation due to the changes in
temperature, humidity, and object mobility, parameters of the PLM change over
time, such as the pass loss exponent and received power at a reference distance.
Nevertheless, their accurate characterization is crucial for achieving an accurate localization. As the proposed localization method updates the PLM online
with no oﬄine onsite measurements, it can capture (in real-time) the eﬀects of
dynamic environmental changes and thereby improve the localization accuracy.
2.2

PLM Construction

We construct a simpliﬁed PLM based on inter-anchor RSS measurements. We
ﬁrst make the assumption that the signal strength is inversely proportional to
dα , where d is the geographical distance between the nodes and α is the path
loss coeﬃcient. Based on this assumption, the PLM can be approximately characterized by parameters α and β as follows:
p [dBm] = β − 10α log10 (d) + n,

(1)

where p is the received power at the receiver, and n is the Gaussian random noise
with zero mean and variance σ 2 . In this case, the ﬁrst step in constructing such a
path loss model is to instruct each anchor node to periodically transmit beacon
packets, to measure RSSs from the other nodes, and to estimate the parameters
that characterize the PLM. Let p(b) denote a RSS measurement vector, whose
element is the RSS measurement gathered in dBm by a beacon node b, and d(b)
denote the corresponding distance vector. Then, for the RSS measurements, the
PLM in (1) is represented as the linear system p = β  − 10α log10 (d)+ n, where
 = |p|,  ∈  is the 1’s column vector. The two parameters α and β are then
given by the least square solution of the linear system, i.e.,
 
α
(2)
= (AT A)−1 AT p,
β
where A = [−10 log(d)  ]. This PLM is periodically updated by taking a
weighted moving average of the RSS measurement whenever the anchor node
receives a new sample of RSS measurement from its neighboring nodes.
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Converting RSS to Distance

Once the PLM is obtained, the distances from the target node to the anchor
nodes can be computed by inverting the PLM given in (1). Here, we consider
two approaches for computing the distance corresponding to the measured RSS
values. The ﬁrst approach is to take the time average of the RSS values recorded
for a certain time interval; the distance (denoted by da ) is given by a function
of the average RSS as follows:
da ([p]) = 10

β− [p]
10α

.

(3)

The other approach is to compute the distance for each RSS measurement using
(1), and to use the average of the distances computed for a certain period as the
ﬁnal estimated distance. In this case, let di denote the distance for each RSS
β−p+n
measurement, di is then given by di (p) = 10 10α . However, the expectation of
di is diﬀerent from the actual distance d that can be obtained when n = 0 in (1)
because it is biased, as was addressed in [2]. Here, the expectation of di is given
by
n
[di ] = d · [10 10α ] = d · γ(α, σ),
(4)
(

σln10
√

)2

where γ(α, σ) = e 10 2α . This relation implies that when the estimated distance
is obtained by taking the average of di , it is equal to the actual distance scaled by
γ. Therefore, the actual distance can be accurately estimated by compensating
for the bias of [di ] as follows:
dc =

[di ]
.
γ(α, σ)

(5)

Once the distances to the anchor nodes are estimated, the geographic location
of the target node can be determined using lateration algorithms [3–5].

3

Experiments

In this section, we evaluate the performance of the PLM parameter estimation
and localization accuracy by using MATLAB in conjunction with an empirical
RSS measurement data set obtained from the SPAN laboratory at the University
of Utah [6]. The RSS measurement was obtained from 44 wireless devices in a
14 m x 13 m oﬃce area.
In order to characterize the PLM parameters, we randomly selected N nodes
from among 44 wireless devices and computed α and β in (2) using their pairwise
RSS measurements. Fig. 1 shows the estimated path loss exponent α with respect
to N . In the ﬁgure, the mean value of α is approximately 2 regardless of the
number of the selected nodes, which implies that the nodes are deployed under
a line-of-sight channel environment. We can also see that the standard deviation
is relatively high when N is small, due to the spatial diversity of wireless channel
environments.

222

R. Kim et al.

3.5

3

Estimated α

2.5

2

1.5

1

0.5

4

6

8

10
12
14
16
Number of anchor nodes

18

20

22

Fig. 1. Mean and standard deviation of the estimated path loss exponent α
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Fig. 2. Cumulative distribution of position errors for da , (di ), and dc

We chose the ﬁve anchor nodes and then randomly selected the target nodes.
The distances between the anchor nodes and the selected target nodes were
obtained using (3)–(5), and the location of the target node was computed by
the linear least square (LLS) approach in [7]. Note that the standard deviation of the measured RSS value was reported to be 3.92 (dBm) in [6]. Fig. 2
shows the cumulative distribution of the root mean square errors (RMSEs) of
the target node location. We found that the localization obtained using the compensated distance (dc ) was approximately 30% more accurate than that with no
bias compensation (di ([p])), and was almost the same as that obtained by da
in (3).
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Conclusion

In this paper, we proposed a zero-conﬁguration method for the fully automated
and online calibration of PLM parameters in order to cope with the temporal and
spatial variation of wireless channel environments, and subsequently described
two approaches for converting RSS measurements to the corresponding distances.
The experimental results showed that if the distance estimate obtained by each
RSS measurement is averaged over time, it is biased, which results in a poor
estimation accuracy, though this can be accurately compensated for by using an
appropriate scaling factor.
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