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1. Introduction

There was undoubtedly great progress made in the area of
localization systems and services over last few years and current
market provides numerous navigation and localization devices.
Location based services attract more subscribers every year (see
[1]) and have great potential. However, there are also drawbacks
of this technological advance. Growing number of standards, tech-
nical recommendations and resource exhaustion (e.g. radio wave
frequency spectrum) reduces possibilities for development of new
and independent technologies.

Commonly used localization methods are based on observation
of miscellaneous signal parameters. Methods used in cellular net-
works are Cell Identification (Cell ID), Received Signal Strength
(RSS), Angle of Arrival (AoA), Time of Arrival (ToA) and Time
Difference of Arrival (TDoA) [2],[3], [4] and [5]. The research
of many specialists is focused on RSS method [6], [7], [8], [9]
and [10], which can be then processed using trilateration technique
[11], [12] or Fingerprinting technique [7], [8] and [13]. Finger-
printing seems to be most accurate and affordable technique as it
is suitable for Non Line-of-Sight (NLoS) environments as well as
it is more immune to multipath than trilateration.

This work is aimed to show solution that uses fingerprinting
algorithm and existing technologies and combines them into radio
map framework for localization in GSM network. The framework
is basically a set of measurement algorithms, communication inter-
faces and database of various signal parameters usable by finger-
printing method to provide localization itself. Fingerprinting method
is briefly described in Chapter 1.1 below. Framework architecture
is described in Chapter 2.

1.1 Fingerprinting

Localization methods such as RSS, AoA, ToA and their mutual
combinations [14] suffer from inaccuracy caused by estimation of
distance between Mobile Station (MS) and Base Stations (BSs)
influenced by radio channel effects such as multipath propagation
or delay spread.

The fingerprinting method even benefits from aforementioned
radio channel properties. It is based on unique “fingerprints” of
radio signal properties measured at certain spots. Accuracy of the
method in radio networks is determined by two factors [13].
Firstly, signal properties vary very much at relatively small area.
For instance, in few meters range, signal from a BS can attenuate,
lose or be replaced with stronger one. Secondly, these signals are
relatively constant in time. It allows data gathering and their use
in future. These fingerprints form the radio map shown in Fig. 1
and described below.

A disadvantage of the method is sensitivity for environment
changes – movement of pedestrians and cars, construction and
demolition of buildings or weather conditions – they altogether
affect signal properties. It is necessary to update the map, but basi-
cally, buildings and walls affect the signal most of all and there-
fore update is not needed very often.

Fingerprinting method consists of two steps. At first, radio map
for particular area is created. It is basically a database of spots with
known position (coordinates) coupled with various signal proper-
ties, e.g. received signal level (RxLev), signal angles or propaga-
tion time. This step is called offline phase. The offline phase is to be
facilitated by the radio map framework presented in this paper.
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After the radio map is created, second phase can take place.
MS measures signal properties at unknown spot. Then the radio
map is searched to find a best match from existing spots. This step
is called online phase. The online phase is not part of this paper.

2. Radio map framework architecture

The radio map framework consists of two parts – gauge sub-
system and radio map itself [15]. Gauge subsystem is used to
measure necessary signal parameters, such as identifiers of neigh-
bour base stations coupled with received signal strength. Further-
more it measures Global Positioning System (GPS) coordinates
and maps them to signal parameters. This is later user to convert
signal information back into geographical coordinates. Finally, it
allows transferring this data to radio map.

Radio map is the centralized storage of all measured data and
gathers all essential information for fingerprinting online phase. It
is actually the database, which can be accessed and queried by all
clients or users.

2.1 Gauge subsystem

Fig. 2 shows components that make up gauge subsystem. BS_1,
BS_2 and BS_M in Fig. 2 represent GSM base transceiver stations.
GPS satellite represents GPS network utilized to read “precise”
position for radio map spots. Gauge is a device used to measure
GSM as well as GPS signals, interpret them and transfer (upload)
measurement results to communication server. The communication
server then calls radio map database interfaces to append new
results to database and gets notified if there were any errors.

Measurements were performed using pocket computer HP
iPAQ hw6515d with Microsoft® Windows CE® 4.21 and
Microsoft® .NET Compact Framework 2.0 installed. This device
is able to measure GPS position as well as to utilize Subscriber
Identity Module Toolkit (SIM TK) to measure GSM signal para-

meters. Radio map database is stored in Oracle® Express 10.0
database, which is free to use but has limited capabilities. This
allows data access using standardized Structured Query Language
(SQL).

2.2 Radio map

Radio map consists of spots. Every spot represents point in
real world, where measurement was performed. Tab. 1 shows a snip
of the radio map database. 

Spots are uniquely identified by spot_id, which is its database
identifier and is not related to GSM or GPS network. Position of
the spots is defined by their position coordinates, which are lati-
tude (in degrees), longitude (in degrees) and altitude (in meters).
As shown in Tab. 1, columns with same spot_id have same posi-
tion coordinates. There can be up to 7 measurements of GSM
signal parameters performed for every spot, one for serving base
station and one for up to six neighbour base stations. There are 3
measurements for spot 28914 and 4 measurements for spot 28915
shown in Tab. 1. Parameters measured from GSM network are:
� RxLev – received signal strength (in dBm) of BS under measure,
� CI – cell identity, which is unique identifier of BS in GSM

network. It is not always available, therefore BCCH and BSIC
are measured as well,

� BCCH – Broadcast Control Channel number,
� BSIC – Base Station Identification Code. Together with BCCH

uniquely identifies BS in GSM network.

As shown in Tab. 1, spots with SPOT_ID equal to 28914 and
28915 are close together (according to latitude and longitude
row). It is clear that at both spots, signal from base station with
CID = 23342 is received with same RxLev. However the RxLev
from the subsequent base stations are different. Furthermore,
number of base stations differs as well. That shows the power of
fingerprinting – even for near spots, signal parameters can change
significantly and localization can be performed.

Fig. 1 Radio map for fingerprinting using RxLev Fig. 2 Gauge subsystem
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2.3 Radio map visualization

The radio map visualization provides inevitable means to get
an overview of data in radio map. It is generated by web server
and Google Maps™ API using connection into radio map data-
base. 

It allows displaying of all spots from radio database at once as
shown in Fig. 3. Spots are shown as black dots.

Besides, it allows picking one BS and displaying all spots where
signal of this particular BS was available as shown in Fig. 4.

3. Future works

Future works can be focused on radio map extrapolation, which
would allow estimation of radio signal properties at unknown
spots as well as comprehensive visualization options. This would
also allow better accuracy in areas of radio map with weaker or
missing signal information. 

The development of fingerprinting online phase component
would enable radio map framework to become usable service-ori-
ented solution for localization in GSM networks.

For positioning in areas like buildings, where GPS signal is
not available in general, extension of the framework could be pro-
posed. It would allow measuring signal parameters without need
of GPS signal. This would have allowed indoor and outdoor posi-
tioning using only one device, if localization service had been
implemented.

4. Conclusion

Proposed solution shows combination of existing technolo-
gies to create robust framework for further localization develop-
ment. It provides means to create radio map database of any area
covered by GSM signal with no dependency on certain mobile
network operator. By use of Oracle® Express database and corre-
sponding SQL support, it gives a hand to advanced data research.
Data visualization on the other hand provides means for user to
easily understand radio map and get an overview of its current
state. The core of the proposed solution is “open system” and it
can be utilized for various location based services, e.g. alternative
positioning solution in intelligent transport system for monitoring
vehicles in dense urban areas where GPS does not reliably operate.

Radio map database example from Zilina-Banova, Slovakia, GSM operator Orange Slovensko. Table 1

SPOT_ID 28914 28914 28914 28915 28915 28915 28915

RxLev �73 �67 �78 �79 �65 �73 �78

CID 20872 24343 24342 22401 39893 20872 24342

BCCH 3 13 8 10 20 3 8

BSIC 29 27 27 24 26 29 27

Latitude 49,20206 49,20206 49,20206 49,20204 49,20204 49,20204 49,20204

Longitude 18,72063 18,72063 18,72063 18,72065 18,72065 18,72065 18,72065

Altitude 390 390 390 391 391 391 391

Fig. 3 Radio map database with all spots

Fig. 4 Radio map database filtered for BS with CID=4F81, BSIC=29
and BCCH=15
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