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ABSTRACT

The Received Signal Strength Indicator (RSSI) based localization system is
widely used in the indoor localization. However, since the RSSI signal is sensitive to indoor
environments, the localization is easily prone to getting error results. In this thesis, we apply the
Least Mean Square (LMS) algorithm fo increase the accuracy of the indoor localization. The
design is divided info two parts: (1) an LMS adaptive filter to improve the RSSI signals, and (2)
an L.MS algorithm to adjust the parameters in the distance equation between the reference node
and the target node by adding a calibration node fo adjust these parameters corresponding to the
current environment. In the first design, the simulation results show that the localization accuracy
depends on a valid reference signal. Thus, the designed LMS adaptive filter for improving RSSI
signals is not suitable for employment because the reference signal cannot be generated to match
the real indoor environment at the localization moment, In the second design, the experimental
results demonstrate that the proposed LMS algorithm to calibrate parameters in the distance
equation according to the current environment can increase the localization accuracy. When the
target node is stationary and there is no obstacle, the proposed method can reduce the average
error of the location estimation from 0.865 meters to 0.704 meters. When the target node is
stationary and there are obstacles, the proposed method can reduce the average error of the
location estimation from 5.215 meters to 1.137 meters. When the target node is moving, the
proposed LMS algorithm can also give the more accurate location estimation of the defined

path than the one without LMS algorithm.

Keywords: Least Mean Square (LMS) algorithm; Received Signal Strength Indicator (RSSI);

distance equation; Trilateration
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1.2.1 A Fusion Approach of RSSI and LQI for Indoor Localization System Using

Adaptive Smoothers [1]
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1.2.2 A Wireless ESD Event Locator Systems in Hard Disk Drive Manufacturing

Environment [2]
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1.2.4 Measurement Arrangement for the Estimation of Path Loss Exponent in

Wireless Sensor Network [d]
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1.2.7 Ymproved Hybrid Algorithm of Indoor Wireless Localization Based on RSSI

for Wireless Sensor Networks [7]
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1.2.8 Fuzzy Neural Network based RFID Positioning and Navigation Method for

Mobile Robots {8]
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1.2.9 Continuous Close-Proximity RSSI-based Tracking in Wireless Sensor

Network [9]
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' RSSI{dBm)= RSSI{d,)-1 0nlogm(§w]+ X, (2.8)
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RSSI=RSSId,)+X, (2.9)
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e(m)y=r(n)—o(n) (2.11)
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Preliminary Study of LMS based RSSI Calibration for
Indoor Localization

Thantip Sittiruk, Apidet Booranawong and Nattha Jindapetch

Department of Electrical Engineering,
E-mail address: thantip.s@hotmail.com,

Abstract—In an RSSI bascd localization technique, a distance
between 8 Lransmidter and a vecciver ean be estimated by the RSS1
(Received Signal Strength Indicator) information which can be
measured by the recebver. However, in wireless communications,
the RSSI signal is fluctuating overtine due 1o the mutti-path and
foding cffects as presented in o wireless medium, especially in an
indoor environment. As a result, the aceuracy of the location
estimation directly depends on the RSSI data. This paper studies
haw fo reduce the variation of the measured RSST data for indoor
localization by using the LMS (Least Mcan Square) algovithm, The
LMS without the reference information was employed to smoothen
the measured RSSI data. Both the simutation and experimenta
resulés demonstrale that the proposed solution can reduce the
vartation of the RSST value. The ervor between the estimated RSS1
value and the real RSSI value at the cerlain distance is decreased.
However, the findings, especially from the experiment, show that
the LMS algorithm should be further redesigned Lo reduce the high
yarlation of the RSSI value when multl-path and fading cffects are
bigger.

Keywords—indaor localization; RSST; LMS; CC2500;

1. INTRODUCTION

Currently, the RSSI datm is more widely used in the
localization estimatien. The major advantage of the use of the
RSSI information is thar most wireless devices have the RSSI
calculation unit built into them, Thus, an additicnal hasdware is
not need [1). This advantage can help Lo reduce the cost as well
us the complexity of the system. However, in the RSS1-bused
localizaticn techniques, the RSSE signal is fluctuaiing overtime
due 1o an unreliable of wireless communications, especially in
an indoor environment [2]. As a resall, the precision of the
location esiimation significantly depends on the leve ol the
RSST data. Consequently, to calibrate the measured RSSI data
bofore the location estimation stage is more important for the
tocalization system [1, 3-6}.

In this paper, we present the LMS algorithim [7] to
compensate the measured RSS! data for the focation estimation
system. Fhe RSST daia as the output from the LMS algorithm will
be inserted 1o the Tritateration methad for estimating the location.
Howaver, in this exploration, we concentiate only on the RSS!
signal calibration step. The location cstimation is the future work
of our research. The novelty of our research presented in this
paper is that the LMS method without the requirement of the
reference information is wtilized for smoothing the measured
RSST dala. The sel of RSST information as computed by the
receiver is used as the reference for the LMS algorithm.
Additionally, an appropriate LMS parameter is determined by the
simutation observation and irial and error.

Faculty of Engineering, Prince of Songkla University, Thaitand
apidet.boo@gmait.com and nattha,s@psu.ac.th

The simulation results evaluated from indoor scenarios with
the different fading levels and the experimentat results obtained
from the real—test demonstrate that the preposed solution can
reduce the fluctvation of the measured RSSI data. The RSS1
output provided by the proposed LMS method closes o the reul
RSST value at the certain distance, especially in the smail fading
levels and the small distance among the transmitter and the
teceiver, However, the findings also show that the proposed
solution should be further developed to cope with the higher
levels of multipath and fading effects.

1L

A localization system medel studied in our work is shown in
Figure 1. There are three major components including the R§S1
calibration by the LMS algorithm, the RSSI-distance
conversion by the radie propagation mode! and the localion
eslimation by the Trilateration approach, as indicated by block
numbers #1, #2, and #3, respectively, As mentioned before, for
this study, we focus on the LMS. The LMS algorithm is
presented in biock nursbers #1, This algorithm tries to adjust the
weight Tactor al each iteration of the computation 10 minimize
the ervor beiween an input and output data [7]. The weight-
updated equation can be expressed by (1)

LOCALIZATION SYSTEM MODEL

Wy = Wiy +;(€(71)RSS[(?’E) (1
e(n) = RSSI(n) — RS581(n) (2
551 (n) = wiRSSI(n) 3

where w,, and w,_, are the weight vector, p is the filter step
size, RSSI(n) is the RSSI taput vector, and £{n) is an error
between the measured RSS1 (RSS/(n)) and the RSST oulput

oo s B

RSSIG) AL st #2 B3 )
——f{ RSSE-Calibration »! R§SE-to-Dislanee - L.ovation estimation —
by LMS conversion ! by Trilateration
o —,
&SSt{n) + e

916

+
!_i'SSJ(n) l

Fig. 1. Locatization sysiem model.
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JIE. SIMULATION AND EXPIRIMENTAL SGTUPRS

A. Simudation Serip

The simulation setup is detailed as follows, The transmitter
sends a packet to the receiver. Then the receiver measures the
RSST value (i.e. the measured RSSI data) from the received
packet, The measvred RSSI data are then used for the input of
the LMS algorithm. We vary the distance between the
transmitter and the receiver from 1 m to 48 m with a step size 4
m. We use NS2 (Network Simulator 2} for simulating the
wireless communication among the transmitter and the receiver.
The receiver can calculate the RSSI value from the received
packet by using the log—normal shadowing model [1, 3, 8} as
presented in (4)

PL(dBm) = PL(do) — 10nlogso(d/de) + X, (H

where PL(d,) is the received power (or the RSS! data} at the
distance d, ﬂ(dn) is the reference power at the reference
distance dy, 7 is the path loss exponent, and X, is a Gaussian
randorn variable with zero mean and the shadowing deviation .
The bigger the shadowing deviation represents the larger signal
fluctuation, The simulition parameters are given in Table 1.

TARLIE L SIMULATION PARAMETERS
Parameters Yalues
received power 46 dBm

ﬁJ;uth lass exponent 2913, 8]

I m
4,6, 8 and |0 dB [3]

reference dislance
shadowing deviation

maximam radio range 48 m

received sensitivity -89 dBm 9]
Treguency 2.4 GHz{1,9)
data rate 250 kbps 19)
transmyissiea power 0.0001 wats {99
RF iransceiver CC2500 [93

After the measurcd RSSI data are collected (i.e. 100 and 500
samples), we assert them fo the LMS algorithm. The LMS
algorithm is run on MATLAB. For the LMS parameters, the
fitter step size (g} is set to 0.0001, and the G-tap delay line is
used to wrange the measured RSSI data to be the LMS
reference information. Both parameters are determined by the
simulation test,

B. Experimental Setup

In this study, we also investigate the performance of the
proposed solution by using the real RSSI data as collected from
the CCZ500 RF ransccivers. The details of experiments are ay
follows. The experiments have been carried out on the electrical
machine laboratory in the Department of Electrical Engineering
at Prince of Songkla Universily, which is shows in Figwe 2,
There are several electrical machines, tables and cabinets placed
in this test field. The dimension of the test filed is 20 m x 20 m.
We first use one transinitter and one receiver with CC2500 RF
transceivers 1o coltect RSS1 data at five different distances; 2 m,
5 m, 10 m, 15 m, and 20 m, respectively. For cach distance, the
receiver collects 5,000 REST samples. These data sets are used
for detesmining the RSSI signal equation, where this cquation
describes the relationship between the RSS! valve and the
distance of the fest environment, We utilize this RSSI signal

917

equation to estimate what the RSSI value is at the tested
distances.

Secondly, we collect the RSS1 data as the lested dala (ie.
100 and 500 sampies) at the tested distances of 3 m, 8 m, 13 m,
and 19 m, respectively, These measured RSSI data are then
asserted o the LMS algorithm, which is also run on MATLAB.
The average RSS! value as the ouiput from the LMS will be
compared with the RSSI value {at the same tested distance} as
determined from the RSSI signal equation. For the LMS
parameiers, the filter slep size and the tap delay line are sct (o
00001 and 6, like the case of the simulation test. We note that
the appropriate values of the filter step size and the tap delay
line should be investigated fnther since the measured RSSI data
using in the experiment are not the same as the simulation test.

Fig. 2. Test fiekl.

1V,  SIMULATION AND EXPERIMENTAL RESULTS

A, Simulation Reswlts

Figure 3 (a—d) shows the average RSSI value (ie. the
average of the RSSI output from the LMS algorithm) versus the
distance at the shadowing deviation of 4, 6, 8 and 10,
respectively. The resuits show that the TMS method with using
the reference information (j.e. the RSSI value as calculated from
the log-normal shadowing model without X, function) can
smoothen the RSSI value closed to the real RSS! reference, We
note that the average RSSI as presented in the ¥ axis is average
from 100 and 300 data samples, respectively. For the LMS
method without the referenve information (i.e. using the
measured RSSI data and the delay technique), the average RSS]
value is very close to the real RSST reference when the distances
arc fower than 28 m, 20 m, 16 m, and {2 m al the shadowing
deviation of 4 dB, 6 dB, 8 dB, and 10 dB, respectively. After
theses distances, the error is getting increased. The simulation
resulis also show that using [00 and 500 data samples to
calibrate the RSSI vatue is not staticaily different.

The preliminary results by the simuplation study confirm that
the proposed method can be applied for seducing the fluctualion
of the measured RSS! value. However, the findings also show
that the LMS algorithm should be redesigned to reduce the crror
between the average RSSI and the RSSI reference at the larger
distance between the transmitter and the recciver, especially
when the multi-path and fading effects are higher.
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B. Experimental Results

Figure 4 shows the relationship between the average RSS1
(dBm) (i.e. from 5,000 samples) and log,(Distance) of the test
environment. The calibration equation and the linear curve are
fitted by using the MATLAB curve fitting toolbox. The
calibration equation or the RSS) signal equation is presented in
(5), where RSS! (dBmn) is the RSS! value at the distance d, and
d is the distance between the transmitter and the receiver,

RSS! (dBm) = —25.887 « log, ,(d) — 73302 (5)

As described in the experimemtal setup section, we also
collect the R3S data as the tested data at the tested distances of
3 m, 8 m, 13 m, and 19 m, respectively. These measured RSSI
data are used for the input of the 1L.MS algorithm. The average
RSSI value as the output value from the LMS algorithm is
presented in Table I The experimentat results demonstrate that
the LMS method with the reference information (i.e. the RSSI
value calculated from (5)) can smoothen the RSSI value very
closed to the tested RSSI reference. For the LMS method
without the reference information (i.e. using the measured RSSI
data and the delay technique), the error between the tested RSS!
reference and the estimated RSSI js getting increased when the
tested distance is higher, The experimental results also show
that using 100 and 500 data samples to calibrate the RSSI value
is not gtatically difterent.

The reasons why the estimated RSSI by the LMS algorithm
withowt the reference information is larger when the tested
distance is higher can be explained here. From the test field, as
shown in Figure 2, there are several electrical machines, tables
and cabinets placed in the [ield. These objects directly influence
the wircless radio propagation between ihe transmitter and the
receiver; the RSS] reecived by the receiver has more variation
due 10 multi-path and fading effects, especialily at the larger
distance between the transmitter and the receiver. Using the
measured RSSI data with high varistion as the input for the
LMS algorithm can result in more estimated error. The raw
RSS1 data as the input for the LMS al the tested distance of 3 m
and 19 m are shown as examples in Figure 5.

In addition, as describe before, the filter step size and the tap
delay line used in the experiment are equal 1o 0.0001 and 6, like
the simulation case. The values of these parameters may not
appropriate for this experiment, which resulls in higher error of
the estimated RSSI value, Thus, to determine the appropriate
values of these parameters should be investigated further for our
research,

V. CONCLUSKON

In this study, the LMS algorithmy without the reference
information is employed to compensute the fluctuation of the
RSSI data for a wireless indoor localization. The simulation and
experimentat studies demonstrate that the LMS algorithm can
be used to reduce the variation of the measured RSS! data. The
estimated RSSI value by the LMS algorithm is closed 1o the
reference when the distance beiween the transmitter and the
receiver is low. However, the lindings also show that the LMS
algorithm should be redesigned 1o cope with mpulti-path and
fading effects as presented in wireless channels.
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