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Abstract— Localization systems based on Received Signal
Strength Indicator (RSSI) exploit fingerprinting (based on
extensive signal strength measurements) to calibrate the system
parameters. This procedure is very expensive in terms of time as
it relies on human operators. In this paper we propose a virtual
calibration procedure which only exploits the measurements of
the RSSI between pairs of anchors. In particular we propose two
heuristics for virtual calibration and we evaluate their
performance with respect to an ad-hoc calibration campaign by
performing measures in an indoor environment with an IEEE
802.15.4 sensor network. !
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localization server accumulates all the pairs of each mobile
node and estimates the position of the mobiles exploiting a
suitable propagation model.

The propagation model is used to calculate the expected RSSI
map of the building. The RSSI map is evaluated only for a
grid of points. For each point of the grid with coordinates (!,
"), the map provides an n-dimensional vector #(1$")!" "
defined as #(!1$") = {% %... %} where %is the expected RSSI
value from anchor (.. Figure 1 shows an example of
deployment of the anchors in a building.
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Fig. 1. Map of the building used for the experiments.

1. INDOOR PROPAGATION MODEL FOR IEEE 802.15.4

The large-scale path loss model considered in this paper is
summarized in this Section. Most researchers model the
indoor path loss with the one-slope model [5], which assumes
a linear dependence between the path loss (dB) and the
logarithm of the distance ) between the transmitter and the
receiver:

NI T AN (1)
where % is the path loss at a reference distance of 1 meter
(thought the paper we express distances in meters) and « is the
power decay index (also called path loss exponent). A
generalization of the one-slope model is the two-slope model
suggested by [9] to approximate the two-ray propagation
model.

The two-slope model is characterized by a +,-(./01'&2/that
separates the various properties of propagation in near and far
regions relative to the transmitter. In fact, the path loss
exponent changes when the distance ) is greater than the
+,-(/ 01'&2. In particular, the authors in [9] describe the
existence of a transition region where the +,-(./01'&2/+ is such
that:

7h,h, <b< 47th,h, @)

A A

where 3;is the transmitter antenna height, 3 is the receiver
antenna height, and 4 is the wavelength of the radio signal.
However, in a typical sensor network scenario, the break point
distance is hundreds of meters, therefore in practice the one-
slope and the two-slope models are equivalent in indoor

scenarios where the rooms are only a few square meters in size.

Although the one-slope model is simple to use, it does not
adequately account for the propagation characteristics in
indoor environments. In fact, a further generalization of the

one-slope model consists in adding an attenuation term due to
losses introduced by walls and floors penetrated by the direct
path:

Lid"| L H1 S #8Yld" SWAF $ FAF (3)

where 454 is the floor attenuation factor and 654 is the wall
attenuation factor expressed as:

N
WAF ! » ki, 4
E i (4)

where .- is the number of penetrated walls of type ', and * is
the attenuation due to the wall of type '. Since the sensor
devices were located on the same floor, the attenuation term
due to the propagation among different floors was not
included in (3).
A similar model was proposed in [3]. In their model they
introduce a multi-wall component. This factor also includes
the number of normal and fireproof doors and their status
(open/closed) met by the direct paths.
We observe that these parameters are important for the IEEE
802.11 based localization, due to the lower density of the
Access Points (the anchors of the system) deployed in the
indoor environment. This result in a cumbersome system to
handle for the end-user, since the status of the doors needs to
be frequently updated. In our case we deal with a high anchor
density and the anchors have a reduced radio communication
range, thus the number of doors affecting direct paths is very
low. For this reason we neglect the door status and we use a
simplified model.

IV. CALIBRATION PROCEDURES

The objective of the calibration is to adapt the theoretical
propagation model to the environment where it is actually
used. Due to the dynamics of the channel, which essentially
capture the spatial-temporal variations of wireless fading
events, an automatic calibration procedure increases the
performance of the localization systems. Virtual calibration
procedure achieves this goal without human intervention, by
exploiting only information obtained from the anchors. In
particular, the anchors preliminary exchange beacons to
compute reciprocal RSSI and the localization server uses this
information to configure the parameters of the theoretical
propagation model.

The parameters of the propagation model (3) are: % (the path
loss at distance of 1 meter), a (the air attenuation factor), and *
(the attenuation factor for the wall of type '). Since ¥, should
be estimated in a free space and it is not affected by the
environment, it only depends on physical properties of the
devices hardware and it can be estimated (/0,'1," , thus it is not
object of virtual calibration.

To calibrate parameters a and * we propose two heuristics:
T*1+(*8',29(*/:(*'+,(2'1&(;<0,1:-)9,- ) and O-,<=(**/8',29(*/
((*+,(2'1&/ (6<0,1:-)9,- ) comparing these with an ()<31:/
((*+,(2'1&/ (><0,1:-)9,- ). G-procedure assigns the same
parameters for every wall, based on all RSSI measures
obtained from any pair of anchors. Instead, W-procedure
provides an attenuation factor for the walls that directly affect
the communication between specific pairs of anchors, and it
uses G-procedure for all the other walls. The H-procedure,
which has been used in many previous works [5, 10], exploits
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Fig. 4. PDF of ! considering all the measured data.
the mobile (received by the anchors) is compared to the data
stored in an RF map of the area to discriminate the position of
the mobile.
Indicating with w = (w,,w, ...w,) the vector of the measured
power, it is compared to the stored power vectors W(i,j) =
Wa )L, Ww(ij2 ... W(ijn), for each (i,j) contained in the
RF map. The vector W(i,j) contains the estimated powers we
aspect to received (in respect to the signal propagation model
chosen) on the (xi, yj) point from the anchors.
The point on the RF map resulting in the minimum distance
from w is selected as the position of the mobile. From the
work in [7], the Euclidean metric gives better results with
respect to the other methods. Considering that the mobile is
positioned in the (xi, 7 ) point of the RF map, the definition of
our localization results in (i,j)=arg{ming,i, nxm |w—W<h,k) ||2},
where N is the set {1,2 ... n} with n the number of rows, and
M is the set {7,2 ... m}! with m the number of columns.
Figure 5 shows the Cumulative Distribution Function
obtained by using the above mentioned localization algorithm
for each calibration procedure.
Other localization algorithms based on RF map can be used to
localize the mobile node. We fixed a simple localization
algorithm to demonstrate that our virtual calibration procedure
performs mostly like other ad-hoc calibration procedures which
requires a measurement campaigns that are time consuming
and in general expensive.
As depicted in Figure 5 the G-procedure performs like the
commonly used H-procedure, in terms of localization error. In
fact, it is worth to note that, the CFD of the W-procedure is
identical to the H-procedure one, thus it is mostly hidden in
the graph. This means that virtual calibration procedure results
in the same localization error like the expensive ad-hoc
calibration procedure.

VI. CONCLUSIONS

We proposed a virtual calibration procedure for localization
that only exploits RSSI measurements between pairs of
anchors. In particular, we propose two heuristics for virtual
calibration and evaluate their performance with respect to
fingerprinting in indoor environments with IEEE 802.15.4
sensor network. We showed that the performance of virtual
calibration, in terms of accuracy of the estimated distances, is

CDF comparison
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0.4 -= H! procedure 9
v W!'procedure

K
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Fig. 5. Localization error using the Euclidean metric with the H, G, and W-
procedures.

close to that achievable with more expensive fingerprinting.
The proposed method is thus a viable alternative to simplify
the calibration of a localization system.
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