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position of the Mobile Stations (MS) within the wetk.
Even though currently the Assisted Global Positigni
Abstract—This paper presents results of research oper System (A-GPS) provides the best accuracy [1], the
cell propagation calibration-based mobile positiomg for  challenge of coming up with GPS enabled mobile plson
GSM. A novel mobile positioning system for GSM and the poor indoor coverage of GPS prevents GBEBleh
networks is proposed and assessed by field phones from being used in LBS applications. Thus,
measurements and simulations. It utilizes timing hositioning estimation based on the parameterdadlaiin
advance, Received Signal Strength (RSS) and a peglle  he GSM cellular network itself has become a paptdpic
tuned propagation prediction model. Clutter features among the researchers all over the world [4].
are modelled to closely represent the real environemt to So far, a wide variety of positioning techniquesébeen
enhance the accuracy of the signal strength predioin. ' . e
The obtained results indicate that estimation of tk proposed using meas_urements taken within C‘?”‘“a""_""‘s
such as received signal strength (RSS), time ofvadrr

mobile position at a sufficient accuracy for most bthe , ,
location-based services does not have to involve(TOA), angle of arrival (AOA), enhanced observerhéi

significant changes in the terminals and in the netork  difference (E-OTD). The TOA method is able to lecat
infrastructure. The performed field measurements ad €gacy handsets but requires installation of newomk
simulation of the designed mobile positioning syste elements called location measurement units (LMWsjagh
reveal that mobile users can be located with an ascacy ~ BTS. Similarly, the E-OTD method requires instadiat of
of 40 meters. Furthermore, the method is an LMU for every 2-5 BTSs and software modificatiion
computationally light-weight and can be integratedonto  the handsets [2].
any RSS-based algorithm. The AOA method requires antenna arrays at the base
transceiver stations (BTSs) or handsets [3, 4].mast
Index Terms—GSM network, per cell propagation, systems these arrays are usually arranged at th®s BT
Propagation Calibration, Mobile positioning. because it will be complex and economically nobigato
have a handset-based solution. The A-GPS methadresq
installation of reference GPS receivers besidartagration
. INTRODUCTION of GPS receivers into handsets[5].
N ultimate aim of the mobile positioning researctiols An RSS-based method basically estimates handset's
find a method providing high estimation accurach® coordinates by fusing cell identity (Cl), timing \ahce
user with minimum delay and at minimum cost(TA), and RSS information [1]. TA value corresporidghe
Development of positioning techniques towards afin time it takes for a signal to be transmitted frdme mobile
performance objectives is pushed by the perspeofivégh terminal to the serving BTS and it is used for
revenues through enabling attractive location-$@Besi synchronization purposes in GSM [3]. RSS levels are
applications together with stated safety requirésen measurements of the strength (i.e., power) of $gna
Most of the Location Based Services (LBS) applaati received by the MS from the serving BTS and fromaifhe
present the need for accurate techniques in estignéte six strongest neighbour BTSs in GSM [3, 7]. Atteinm
values from multiple neighbour BTSs are modelledhia
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To cater for the terrain diffraction factor, théfdiction loss
for various points in different sectors was anatySehis was

the same, new approaches for position estimatigorighms
based on signal attenuation have to be investidatet].

The aim of this paper is to utilise RSS measureménia
900MHz GSM network and data compiled from the autsk
of Pretoria City in South Africa to model the loead

environmental features and then use the featurdsgign a
propagation model. The designed propagation meadiiein

obtained by computing the free space path lossdegtthe
BTS and the MS and subtracting it from the patls wkere
diffraction loss is taken into account from ATOLkdio
planning tool. Various diffraction losses were &igal to
(1), and from these values the valuelbivas computed.

calibrated to characterise the area of study aed tised for
optimal predictions.

Predictions of RSS and propagation coverage aeaital o )
aspects in the design of an accurate mobile pogigp 10 Pe able to model the building correction fadtoat
system [3, 4]. A mobile positioning system is atesigned. sufficiently accounts fqr d!ffractlon power losg fhe region
The performance of the developed positioning system under study, a combination of empirical and deteistic

evaluated and compared with the naive RSS-bas@fProaches were employed. This avenue was chosen
positioning system that uses Hata's generic suburbBUTPOSely to hamess the strengths of both thesepaphes,
propagation model [6]. In this way the importandeper- namely computational efficiency based on measuremen

B. Building correction factor

cell propagation tuning for a RSS-based positioningccuracy of empirical methods and the flexibilitf o

algorithm is investigated.

II.  MODELLING THE CORRECTION FACTORS

Due to its simplicity, popularity and ease of udbe
Okumura-Hata path loss propagation model [6] wiected
as a testing model. The algorithm is given by (1).

L, =69.55+ 26.16log — 13.82(loy

- B+ Q- 6.55lodv )logl
(1)

whereQ =44.9, £ is the environment correction factor,

L gis the propagation loss anfi is the frequency in MHz.

This study was conducted in the outskirts of Prataity.
Every clutter aspect the signal encounters aftavihg the
transmitting antenna affects the RSS and its doe¢t].
Field measurement data was obtained through deists in
the area of study. Signal predictions were perfarmsing
MATLAB based on the Okumura-Hata model.

Clutter and the digital terrain map of the areaematilised

eterministic models since they present a closaiogiship
with principles of physics. This renders the defarstic
models more flexible to be applied to different ieonments
without affecting their accuracy.

C. Building diffraction model

Several built up cell sites were considered. Smgklings
are opaqgue, only diffraction loss was taken intooaat.
This is because we are dealing with outdoor profj@ya
scenarios. The diffraction loss in this case i Hescribed
using Huygens principle, which states that eacintpan a
wave front acts as a source of secondary wavetle¢s,
combination of these wavelets produces a new ware f
in the direction of propagation [6] .We can expréss
field strength of the resultant new wave by commytihe
integral of the field strength of wavelets and henc
compute diffraction loss by (2).

L, =-20logy2+ 20lod 2wv)
(5)

WhereV is the Fresnel-Kirchoff parameter.

on the ATOLL planning tool to tune Hata propagationThe building loss expression was applied on thdding

model to characterise the area of study. Sincadgmn is
sub urban the appropriate correction factor wad (&

ﬁurban = 32009 (117$]R )5 - 4.9

2
f
= -2/ logl— || -5.4
ﬂurban ﬂurban [ g(ZSJJ

A. Terrain diffraction factor design
Path loss can be defined as the ratio of the tritieshto
received power in decibels. From the equation lierlteast
Square (LS) regression analysis, the path losstnted
can be described in the form given below [6].

PL(dB) = PL(qd)+10 nlog{di}

()

3)

0

(4)

Where d is the reference point at 1 km aifdis known
as the path loss exponent.

data obtained from the area under study. It wasnaesd that
all the buildings have the same reflective, attéionaand
conduction properties. The building loss correspmgdo
each radio path for all the cell sites was caledatAn
average of these losses gave the average buildggythat
was used in this study. The loss was on averagadftm be
18dB.

The building density of the area was formulated fiogt
estimating the length occupied by buildings on eetio
path. Next, the length of the radio path to the sneament
point was noted. The length of the buildings wasgdaid by
the corresponding length of the radio path. An agerof
these ratios was computed; the figure obtainedtaken to
represent the density of the buildings in the areder study.
This approach was based on the fact that the gréiage
distance occupied by the building on the givenaaadith the
more the buildings in the sector and hence it c&flehe
density of the buildings.

It was learnt from the area that different cellesithad
different building concentrations. Thus it was imgi&ve to
come up with a sliding scale density to cater fbe t
difference in building densities in the cell sitesmder



consideration. This was realized by classifying tkls as additional terrain loss coefficient the data calec was
having high, medium or low building densities. Theanalysed to find out how many of the measurememttpo
procedure discussed above was again applied touitding  had zero value and how many of them had a nonvadue.

data to establish the respective densities fothtee density The values of diffraction factor corresponding tecle
types. In order to obtain the diffraction loss doéuildings terrain obstacle were obtained using point analéslow

on each radio path the average building loss wdtipiied ~ on ATOLL planning tool.

by the respective building density of the cell sitender The ratio of those measurements with non zero saiu¢he
consideration. total measurement points considered was taken as th

D. Modelling Vegetation correction factor coefficient of the additional terrain correctiorssofor that

The same procedure as the one used to model thnigui
correction factor was employed to model the vegmiat "
correction factor. Equation (2) is used to complitieaction '
loss due to trees. A similar procedure as the e uo
calculate the building density was employed to thet
vegetation density. This gave the three densitpates of
high, medium and low.

The various radio paths between the BTS and the
measurement point were considered. The diffradties due Figure 1: point analysis window estimation.

to trees was computed using MATLAB. The diffractioss

corresponding to each radio path for all the ciéisswas The same procedure was utilised in some more artisan
calculated. An average of these losses gave thagaéree average of the values obtained was computed, ae wvaflu
loss that was used in this study. The loss wasvemage 0.382 was obtained. This is the value of the aoioti
found to be 8dB. terrain loss correction factor for the area undiedys

In the second case an empirical approach was used t

calculate add@tional I(_)ss due to vegetation. Thenfof the F. Modelled Propagation Prediction Model

formula used is supplied by (6).

{ ZII t;] i Ik ,’IT! éﬂ 1iil

m At this stage, all the parameters needed to model a
Vegetation lossB dB/@ di propagation predic.tioln model have been foynd. Tdfrﬂ Bt
- for the model predictions to the measured sign&dusd by
(6) introducing tuneable P -parameters into the path loss

Wheres dB/m is the average vegetation loss per metre imodel. The modelled path loss formula would then be
dB and di is the individual propagation distances in meterse.XpresseOI as follows:

To ascertain the value @ dB/m, field measurements PL_=p+ plogd+ Qlog{£j+ p*( Building_ Los
were used. A site was first selected using clutiap. Then d,

the particular site was located for field measureisieThe $, *(vegetation Losyp p*( ADD Lops
signal strength at the measurement point was ramiddthen (4)
divided by the distance between the transmitter #red
measurement point to give the loss in dB per méthis
was done for some selected sectors and an avefdgese g pe tuned andp, is the intercept value which introduces a
values was taken as a representative of the vegetaiss toet in dB | h |
per meter for that sector and finally for that @it region. cons?ant offset in dBm to lower the mean error asecas
This data was implemented in MATLAB where the atite  POSsible to zero ADD _ Loss, vegetation  Losand

is computed and hence the vegetation loss as erplai Building_ Loss are the additional terrain loss factor,
above. An average value of 0.387dB/m was realised as vegetation correction factor and building correstiactor.
average vegetation loss. This is the propagation model that will be calibdain the
The values obtained from the knife-edge part ane tfollowing section.

empirical part were added together to obtain thelto

vegetation loss for the cell being considered. #erage of o _

the two values was assumed to be the vegetatianiles ~G. Calibration of the Propagation model

4.16350 dB/m. To get the loss due to vegetation on eachhe error between the measured and the predictadvdes
respective densities of the sectors under study. obtained from ATOLL planning tool. This informatiomas
then loaded in the MATLAB work space. Based on, tthie
clutter loss was calculated for both vegetation huitding

_ _ for each measurement point. This was then avertmegt
cells of the area under study were analysed usif@lA- |, the clutter information file, each clutter tygength
planning tool on the point analysis window. Thigsdone oveen the BTS and the MS was included. This eslutt

on a number of sectors; the average value was takehe length was divided by the total distance between BT'S

additional terrain loss for the area. To compute thand MS for each measurement point. The overalltieng

Where p,, P;, P, Ps and pg are the multiplying factors

E. Additional Terrain loss Correction Factor



given clutter type on any radio path was the sunthef
individual clutter type length encountered on thdio path
under consideration. This in turn reflects on hdter the
clutter type occurs in the region under study aadck its
density. From this, the ratio of clutter lengththe BTS-MS
distance for all the measurement points under denaiion
was averaged and the results gave the clutterdgpsity in
the region under consideration. This became th&ipiyihg
factor for the building and vegetation losses retpely.
However, this was an optimistic approximation sirtbe
clutter density varies from one cell to anothertie same
region. To cater for this, we had to define whetherclutter
density was high, medium or low. Based on this,&heve

% dist is the distances from the BTSs to the
% approximate mobile position

dxy=XYpos-ones(size(XYpos))*diag(xy);
dist2b=(dxy.*dxy)*[1;1];
distb=sqrt(dist2b);

err=distb-dist;

% The MATLAB script file below is used to call thbave
% MATLAB function
global XYpos dist

XYpos=[ 6.21230E+05 7.15670E+06

procedure was repeated and each of the densitys type 6-20640E+05 7.15550E+06

derived upon which the clutter loss calculation Wwased.

I1l.  MODELLING MOBILE POSITIONING SYSTEM

A. Mobile Positioning Using Nonlinear Least Squarexy0=mean(XYpos)

Approach

The calculation of the mobile positio{X, Y)involves
solving a nonlinear least squares problem give(bhy

Error :\/(Xi -x)*+(Y-y) -4,
(5)

Where: (X;,Y,) are the BTS coordinated,; is the

6.22340E+05 7.15540E+06

6.21890E+05 7.153400E+06
6.21230E+05 7.156700E+06
6.20500E+05 7.15290E+06];

% Get mean of BTS coordinates

dxy=XYpos-ones(size(XY pos))*diag(xy0);
dist2=(dxy.*dxy)*[1;1]; dist=sqrt(dist2);

d=[1375,9840,15230,13800,14260,12930]';
% computed distances from the BTSs to mobile pasitio

dist=dist-d;

xyO=xy0.*(1+2*rand(1,2));
[xy,resn,resid,xf]=lsgnonlin(@calerr,xy0)
xt=xy+mean(XYpos)

% xt is the calculated mobile position

computed distance from the BTSs to the approximate

Mobile position using the modelled per cell propama
prediction model.

This method minimises the difference between disan

calculated from the BTS coordinates to the estichatebile
position and the same distance calculated usinghtidelled
propagation prediction model. Ideally this diffecenin
distance should be equal to zero for very accuMg
positioning. The MATLAB isgnonlin function in the
optimisation toolbox is used to implement this aitn.

The function isgnonlin solves nonlinear least squares

problems of the form:

min sum {FUN, (XY}
(6)

IV. RESULTSAND DISCUSSIONS

To obtain the predicted signal strength at the teobi
position, total path loss was calculated using rtfwlelled
per cell propagation model and then deducted frbom t
transmitted power values as shown by (7).

P _received= P_ radiated PL df
(7

Where P _receivec is the Received Power in dBm.
P _radiated is the Equivalent Radiated Power from
the BTS antenna in dBPL(dB) is the path loss calculated

Where X and the values returned by FUN can be on@sing the modelled Path loss propagation model [3].

dimensional or higher. A program was written in WAAB
utilising this function as shown below. The progratitises

The values obtained for the predicted and measigecl
SS before calibrating Hata propagation for a stlidiell is

coordinates of six Base Transceiver Stations anel tldlepicted in figure (2).

distances obtained from the prediction model to mate the
mobile position.

function  [err]=calerr(xy)

% function takes approximate mobile position
% Xxy, returns the calculated error in

% distance.
global XYpos dist

% XYpos are the coordinates of BTS positions

Clearly there is no correlation between the predicnd the
measured signal. Hence there is need to calibriage t
propagation model for the best fit parameters thiae
predictions which are closest to the measured &aidently
the predicted signal corresponded very well witke th
measured signal as can be seen in figure (3).

The related error between the predicted and thesuned
signal for this case was obtained as illustratefigiare (4).
The corresponding mean error and the standard tamvia
error were found to be -0.1535dB and 2.2842 respsyt



environment than the usual generic tuning. Based on
localised environmental features, correctionaldextan be
used to tune propagation models for other simikdisdn
different locations if the characteristics are he studied
cell.

Comparison between uncalibrated Hata model and measured signal strength
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Figure 2: Measured and predicted SS before tuning.
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After incorporating vegetation and building correction (km)
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Figure 5: Average correction factor

— — — Predictions
Measurements

| An un-calibrated Hata model is used to computedtbnce
between the BTSs with the strongest RSS. The disthom
the serving BTS was computed using the TA valudhe T
computed distances from up to six BTSs togetheh it

(X, y)coordinates of the BTSs were applied on the

positioning system. The accuracy of the designed MS
positioningsystem was obtained has 210 meters.

The Hata propagation model was calibrated using ATO
radio planning software. It was used to computeBi&s-
MS distances as discussed in the above sectionvdlhes
obtained were applied on the location system. Apraved
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Figure 3: Vegetation and building correction effect

Thus the discrepancy between the predicted and ureshs
signal strength is very small (compared to whenegen
tuning is utilized), all measurement points hadilu® of less

accuracy of 173 meters was obtained for the MStiposi
This showed that when a propagation model is Gatitor to
characterise the terrain features of the area ustdely, the

than 10dB. accuracy of the M$ositioningis improved.

Figure (6) shows the measured MS position and the
computed position using calibrated and un-caliloratata
propagation model.

The calibrated propagation model using the moddiath
loss propagation model was used to compute thantist
from the BTSs to the MS. The distances were agajied

on the MSpositioning systemThe accuracy obtained for the
area of study was 40 meters. Figure (7) shows tasared
and computed MS position.

Error after incorporating vegetation and building correction

Eror(dB)

Calculated MS position using Hata propagation model

7.157000+06

distam;e(km) .
Figure 4: Error margin after clutter correction 71365076 1
7.15600E+06 - + DTS positions
When normal generic tuning procedure was applietiata
. . g /-1b5b0EHG - * * B Measured MS position
model, most points did not correlate well comparetigure £
(3), though a few points did correspond well. Thendard £ 7LS00n0e ] u WS positon Before
P . calibrati
deviation error between the measured and the peedic % 7.msocas abraton
i i ition After calibrati
signal levels was found to be 7.32 while the meas w —— Hoposton Aferafbration
18.67dB.
. . . . 7.15350E+06 |
Figure (5) gives a comparison between the valixaired *
/.15300E+06

when generic calibration is utilized on Hata progam
model and the field measured RSS. Thus, it is ewiffem
figure (3) and figure (5) that the modelled per | cel
propagation model yields a close approximationhi® rieal

6,20500E+05 6,21000E+05 6,21500E+05 6,22000E+05 6,22500E+05
Eastings

Figure 6: MS position based on conventional tuning.



Calculated MS position using per cell tuning

(1]

7.15700E+06 -

+
7.15650E406 -
# BTS positions
7.15600E+06 -
» 7-15550E406 - 4 . [2]
o W Measured
£ 7.15500E406 4 IS position
t
. |
7134308406 MS position
7.15400E+06 - tlsmgpcrcel\
uning
7.15350E+06 - ¢ [3]
7.15300E406 T T )

6.20500E+06.210002+06.21500E+-06.22000E+06.22500E+05

Eastings

Figure 7: Computed MS position based on per calhty
[4]

V. CONCLUSION

Per cell propagation positioning-based method @ppsed

and evaluated. Complexity of the developed poditipn
method is maintained at the minimum possible laverder

to provide support for location sensitive applica in [5]
GSM networks. In classical cluster tuning approsteimdard
propagation models are calibrated by utilizing oadi
planning tools without due regard to the contribatof the
individual terrain and clutter factors. But in thigork, a
novel propagation system is modelled by taking into
consideration specific clutter and terrain patieran area.  [6]

A positioning system is also designed which is used (7]
compute the mobile position. An accurate and simple
positioning system results therefore. The perfogaant the
proposed method is assessed using simulations ial f
measurements. Comparatively the generic clustésratibn
approach yielded a mobile position accuracy of &lres (8]
whereas per cell propagation-based positioningesygtave

an accuracy of 40 metres. Thus the computed resuttse
performance of the designed system are very closthe
field measurements hence validating this proposbérse.

It has been shown that propagation prediction tal vih
influencing the accuracy of mobile positioning.

The importance of tuning propagation prediction gied
taking into consideration specific clutter and a@rpattern
in an area so as to achieve high accuracy levabsitioning
a mobile in GSM networks has been demonstratedatiray
disabled and elderly people for purposes of getting
assistance from hospital personnel or their caeetaks
certainly one of the most attractive domains thatuld
benefit from such a system. Other possible appdinat
include intelligent transport services, informatmmlocation
of important landmarks and detection of fraudster&SM
network.
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