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Abstract

Background/Objectives: Recently, several researchers are directed in the area of mobile location estimation in GSM
network. The major interests in the research include improving the accuracy of location estimation. Methods/Statistical
analysis: Therefore, this paper present the first application of Multiple Linear Regression (MLR) analysis for mobile
location estimation in a GSM network and without pre-processing or manipulating the Location Dependent Parameter
(LDP) - Received Signal Strength Indicator (RSSI). The proposed model was developed and evaluated using Received Signal
Strength (RSS) and geographical coordinates obtained from drive tests. Findings: The results show that, 67% of the calls,
the positioning error is less than 64 m and 95% of the calls will result in positioning error less than 115 m while the
maximum error is 275m for the urban area. Application/Improvements: Results show improved accuracy in location
estimation. This model can be adopted for any mobile location application including the emergency call services (E-911)

that requires very high accuracy level.
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1. Introduction

The deployment and advancement of mobile location
system in various countries is largely due to ever- increas-
ing Location Based Services (LBS), such as safety and
security, tourism, position based billing, tracking of
people and materials, WEB information based on loca-
tion, entertainment, and improvement of handover
paging and cellular network among others'. The Federal
Communication Commission (FCC) in the USA has been
regulating the system to ensure compliance and that any
Mobile Station (MS) is located once the number dialled
911 emergency numbers. Their regulations has come in
phases with accuracy requirement of phase II currently in
use while researchers are currently on their toes to meet the
accuracy requirement of phase III realised this February
2015 and expected to take effect in six-year time.

Mobile positioning involves a variety of technologies,
which are divided into two main categories: Network-
based and handset or MS-based location estimation?. In
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handset-based, the MS receives the Location Dependent
Parameters (LDP) from the Base Station (BS) and calculates
its position and report the result back to the network. The
major disadvantages of this technique are that it requires
modifications to the MS, SIM card, or both to enable it cal-
culate its location, and it is also power consuming. The MS
categories are Global Positioning System (GPS), Assisted
GPS (AGPS) and Differential GPS (DGPS). By contrast, the
network-based estimation requires less or no modification
to the existing network and is relatively less complex. Here
the nearby BS receives mobile station LDP and computes
the position of the MS. Although the MS-based method
provides better accurate estimate than the network method,
the later has the advantages of being applied with all model
of MS and where GPS cannot be used. Therefore, the appli-
cation of MS based techniques is essential in a positioning
system for emergency 911 calls**.

A mobile station technique based on modifications
to of MS, SIM cards, or both, implies that subscribers
must either upgrade their handsets or renew SIM cards to
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enable them use location services. By contrast, a network
based can only upgrade the operator’s network if it has to
but not a handset. Even the GPS technology proven to be
more mature, accurate and desirable system introduced
to assist in mobile location is very inaccurate in populated
and indoor area. Furthermore, from an engineering point
of view, it is a serious engineering and economic concern
to modify all handset and upgrade millions of handsets
that are already in operation to enable location estimation
capability. Thus, it is necessary to develop positioning
techniques for unmodified mobile stations®'.

GSM network was designed without mobile position-
ing in mind, the LDP that can be measured are usually
scarce. The LDP used in this paper if Received Signal
Strength (RSS) because it is considered as the simplest
and cheapest method amongst the wireless distance esti-
mation techniques. Might not be the best in terms of
positioning accuracy. The RSS can be applied with little or
no modification to the existing network and for the fact
that GSM MS is designed to send the RSS to the serving
base station to aid in handoft decision of the network on
a regular basis®>!"12,

As environments are different, so are the signal propa-
gation characteristics and as a result it is not wise to use
a single generic signal attenuation model to characterise
all environments and use it for all cases in the localisation
process. Even if outdoor environments are dealt with, it
will very likely have areas that possess urban, suburban or
even rural signal propagation characteristics. Therefore,
if environment type in which the MS in consideration
resides can be estimated, that will provide us with valu-
able information to be used in the localisation process.
Standard location techniques, based on different type of
measurements or Location Dependent Parameters (LDP),
have been applied to both indoor and outdoor position-
ing, and cellular networks (GSM, CDMA, TETRA etc.)’.

2. Materials and Methods

In this section, a close look at the proposed process design
in Figure 1 is presented with more emphasis on the locali-
sation model.

2.1 Site Survey

In mobile network deployment, the first step is site survey.
Site survey is a task-by-task process that enables the
surveyor study the propagation environment and facilities
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Figure 1. Proposed process design.

to understand the Radio Frequency (RF) behaviour,
discover the area under RF coverage, check for overshoot
and determine the positioning of BSs to ensure optimum
operation through random collection of received signal
strength (RSSI)!*'. The measurement of real-world inter-
ference, blockage and (RSSI) at a site cannot be by proxy,
only on-site measurements and surveys can give the com-
plete picture. Drive test route is determined based on cluster
under consideration and to ensure that the route should
pass through the urban area and no route should be passed
twice's. The site survey also helps to classify the site.

2.2 Site Classification

The site under study is classified as an urban area. Some of
the parameters which were considered for the classifica-
tion are; the population of people which directly correlate
with the number of mobile phones in the area, the base
station cluster, the height of the buildings (which average
three storey is approximately 12metres), the separation dis-
tance of the buildings and other signal barriers in the area.
Also considered is the road network for the smooth drive
test. Achara layout in the city of Enugu, Enugu State was
adopted as a suitable urban area and the site for study.

2.3 Drive Test

The drive test was conducted for existing Mobile Telephone
Network (MTN) in the Achara layout in the city of Enugu
for the purpose of this research by MERIT Technologies
Nigeria. A vehicle carrying the drive test set-up traveled
a predetermined route within the area at a relative steady
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speed of 30Km/h. Due to the line-of-sight limitation of
GPS system, the external GPS receiver antenna was fixed
on top of the car roof at a height of 1m from the ground.
TEMS software was installed in the GPS system for data
collection. Figure 2, Shows the TEMS software as config-
ured for data collection. Signal strength of MTN’s GSM
network was recorded in the TEMS software at different
locations for every 1lsecond along the drive test routes.
The measurement recorded the received signal strength of
mobile links between the mobile station/receiver and the
base stations and the corresponding GPS coordinates at
each point of measurements. The measurement will also
include the serving and neighboring base station with
timestamps to indicate when measurements were taken.

2.4 Modelling Approach

Multiple linear regression attempts to model the relationship
between two or more explanatory/independent variables
(received signal strength in this case) and a response or
dependent variable (MS coordinates) by fitting a linear
equation to observed data. Before attempting to fit a linear
or multiple linear models to observed data, it is necessary
to establish if there is a relationship between the variables
that makes up the equation. This does not necessarily imply
that one variable causes the other. The method of least-
squares adopted here is the most used method for fitting a
regression line. Minimising the summed squared of residu-
als of actual and estimated location is the system behind all
regression techniques, then the regression coefficients that
achieve this minimization are obtained by least squared
algorithm. Theoretically, these coefficients are determined
by differentiating summed squares of residuals with respect
to each parameter and then setting the result equal to zero.

It is assumed that an MS is located at (x ) and that

M y M
location information (x, )", as well as the RSSI of several
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Figure 2. Drive test routes in TEMS Software.
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BSs within the target area are stored. The location equa-
tion can be formulated as in Equations (1a) and (1b)'*".

{xi}zlzbo_"zjilbj sz (1a)

{yf}21=co+2jilcj Ry

Where, b and c are constants (intercepts) and bj and ¢ are
the vectors (multiple) regression coeflicients (slopes) of x -
y coordinates, R, is the RSSI of j®BS at location i, and m
is the number of training data length. Equation (1a) and
(1b) can be written in matrix form as in Equations (2a),

(2b), (3a) and (3b).

(1b)

X, 1 R Ry, R b,

X 1 R,1R;, R, b,
= : : (2a)

| X279 | _1 Ry701 R0 R0 | b,
X=KB (2b)

Y1 1 R Ry, R Co

Y2 1 R,R,, R, <
= : Pox (32)

Yoo | |1 Ryoi Ry, Ryonn | [C12]

Y=KC (3b)

Vectors B and C can be expressed using least square
method as in Equations (4a) and (4b)".

§=(KT K)_l KT X (4)

-1
g:(KT K) K'Y

(4b)

Having obtained the constants and the regression
coefficients from Equations (4a) and (4b), the MS coordi-
nates can be estimated by using these coefficients vectors
are shown below.

Xy =[1R].B
(5)
Y, =[1R].C

Through the above mathematical processes expressed
as in Equations (1a) and (1b), Equations (6a) and (6b)
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below are developed as the model equations for mobile
location estimation in the area under consideration.

729253-0.067R, —1.98R, +3.2R, +
Longitude=x=| 0.74R, —0.62R, —2.64R, +0.61R, +0.14R,
—0.51R, —5.56R, —1.64R,, +0.32R |,
(6a)
625330+3.62R, +0.24R, +0.41R; —
Latitude=y=| 0.87R, +0.53R, +1.22R —1.01R, —2.78R
+2.78R, —1.73R,, +0.52R |, —0.04R ,

(6b)

2.4.1 Goodness-of-Fit

How good an analysis is can be determined by certain
parameters which can be defined as follow;
Total sum of squares (SST);

SSTzi(xi —X_m) 7)
i=1
The explain sum of squares (SSE)
SSE = Z (i - X_m)2 (8)
i=1

The residual sum of squares or sum of squared residu-
als (SSR)

n 2
SSR=" &, (9)
i=1

SST = SSE + SSR (10)
The above equation means that the total variation in
(x,) is the sum of the total variation in (x;) and in (éxi ).
It also shows that;

SSR  SSE (1)
SST SST
Then R-squared can be defined as;
Rﬁ:ﬂzl—SSR/SST (12)
SST

The same applies to y (latitude) as the R-squared
expressions in equation 2 and 3 show.

Sx)(s-5))

R = i=l (13)
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(14)

R = [i(y,- ) ‘Z))

2

3. Simulation Result and
Discussion

In order to simulate the developed model, 40% of the
measured sample data (RSS) were applied to it and the
results obtained are the longitude and the latitude of each
measurement points. There are two hundred and seventy
nine (279) measurement points and four (4) base stations
with three sectors each. At each point is a GPS measured
coordinate for validation. The performance measure of
the model was determined using methods such as the
Euclidian distance, Root Mean Square Error (RMSE) and
the Cumulative Distribution Function (CDF).

The term positioning error is generally considered
as the Euclidean distance between the estimated loca-
tion and true MS location. It can be represented in two
dimensions as,

di=\/(x—xe)2+(y—ye)2, (15)

Where (x, y,) is the estimated location and (x, y) the cor-
responding true location (GPS measured coordinate).
A general impression of the error distribution can be
obtained quickly by looking up the CDF graph in Figure 3,
while the Root Mean Square Error (RMSE) is gotten from
the following equation.

1 n
RMSE= /;Zizldi, (16)

Where 7 is the number of positioned samples and d is the
positioning error of sample i

With the cumulative distribution function, one can
find out any desired percentile by simple visual estimation.
Numerical values are used to simplify the representa-
tion as shown in Table 1, and Table 2. However, RMSE,
65% and 95% are perhaps the most commonly used
measures. From Figure 3, it is seen that the MLR model
has a good performance when all the hearable sectors are
considered.

Figure 4 Shows that the performance of the MLR model
deteriorates when the number of cell sectors is reduced.
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The scenario considered in this simulation can be experi-
enced in suburban area or rural area where there is likely
few hearable BSs available for the MS. It is unrealistic in
an urban area. Despite these the positioning accuracies
still very good relative to the FCC standard (see Table 2.),
and therefore, can be applied for E-911 emergency ser-
vices. Thus, the result achieved can be greatly improve if
the area under consideration is dense urban as it is very
possible to have more hearable sectors than obtained for
this research.

The result proves that the model can be applied for
any mobile location services including the emergency
calls (E-911) with high accuracy requirement.

CDF of the MS Estimated Error using Multiple Linear Regression Technique
1 T

Cumulative Distribution Function (CDF)

0 50 100 150 200 250 300
MS Location Estimation Error (m)

Figure 3. CDF of the MS estimated error using the
proposed model.

Table 1. Summary statistics of simulation for
different number of sector
No.of | RMSEr | 67% | 95% | STD | Min | Max
Sector (m) (m) | (m) | (m) | (m) | (m)
12 63 64 115 37 6 275
8 73 83 140 41 10 271
4 94 103 181 59 5 383
Table 2. Compare simulation result of the developed

MLR model over fcc maximum error standard for
network based-techniques

FCC(m) MLR(m) Improvement
65% 100 64 36%
95% 300 115 61%
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Performance Analysis of Different Cell Sectors using MLR Techniques
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Figure 4. Performance analysis of different cell sectors
using MLR technique.

3.1 Goodness-of- Fit Result

There is a mean residual (g) for the analysis and a residual
(e for each observation. If € > 0, then Xm is below x and
Ym is blow y, which means that for the analysis or obser-
vation x and y are under predicted. If € < 0, then Xm > x
and Ym >y, which means that for the analysis or observa-
tion, x and y, are over predicted. The result shows that the
mean error term of latitude (Ey) is 1.2, which means that
the analysis of the estimated latitude is underestimated or
under predicted and the longitude value is overestimated
as the error term or residual (g ) is -0.6.

The value R? = 0.755 and 0.91 means that the models
(the twelve R-variables) explains 75.5% and 91% of the
observed variation in the GSM’s latitude and longitude
position respectively.

4. Conclusion

The proposed multiple-linear regression model based
mobilelocation estimation for outdoor application in GSM
network deployed in an urban gave high estimation accu-
racy. From the simulation result, the Root Mean Square
Error (RMSR) of 58 m, 67% of estimation show an error
of less than 64m, and 95% of error is 116m were achieved
in GSM network. The achieved location accuracy having
met the FCC requirement for a network-based method
can be implemented for an emergency application like
E-112 and E911 as well as other location-based services.
Aside the accuracy, this technique being a network-based
with no modifications to both the network and the MS is
seen as a great added advantage.
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