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Abstract - Considering the current trends of the development of mobile devices (e.g. mobile phones or
embedded hardware) we note that these devices become smaller but provide more functions. Today, it is
not unusual to combine a GPS controller with laptops or personal digital assistants. Even mobile phones
with integrated GPS chips are available. Therefore, we can use the exact coordinates of mobile devices in
order to realize novel applications. In this paper we present a system that is able to localize mobile devices
from other mobile devices as well as from a standard desktop computer.

1 Introduction and motivation

Location based services (LBS) are one of the most interesting application areas in the sector of mobile
information systems. The central characteristic of the hardware used in this context is its compactness
and capability. Even small mobile devices become more and more powerful. Therefore, LBS are no
longer restricted to mobile computers like laptops or personal digital assistants (PDAs), but can also be
implemented with mobile phones.

The combination of wireless networking and the possibility to locate user devices enables IT providers
to offer services that are customized to the client’s current location. Generally, the localization can be
done in two different ways [1]. Firstly, one can use information provided by the mobile network the
device is connected to. Since wireless network technologies (GSM [2], GPRS [3], HSCSD [4]) are
based on a cellular infrastructure, the position of a user can be roughly estimated by using information
of the nearest base station. A more precise method computes information of several nearby stations
(so-called multi cell triangulation). Secondly, a device can be located using the global positioning
system (GPS) [5], which is far more precise. Both methods have advantages and disadvantages that
are not deepened further in this paper.

The project being presented in this paper was designed as a basis to enhance another system called
“GSM-Schutzengel” [6]. This award-winning system automatically notifies the emergency medical
services in case of a car crash. The notice includes the user’s current position, which ensures the
fastest possible help. The original approach uses multi cell triangulation to locate the devices. To
achieve a more precise localization, it was assayed whether and how GPS is suited to assist this and
other location-based information systems.

Unfortunately, a GPS capable mobile device has not been available to us. As we wanted to evaluate
our theoretical ideas in practice, we decided to implement an alternative GPS-based system in which a
laptop connected to an external GPS controller simulates the mobile device to be located.

2 Opverall architecture

The main goal of the project was the localization of mobile devices through mobile devices. The
device to be localized is GPS capable and has access to the internet. Its position is permanently being
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Figure 1: System

determined and updated in a central data base. To query positions from the database, we implemented
a desktop PC application and an application for Java-enabled mobile phones. Both applications can
show the position of the localized object on a map. In order to prevent misuse of position data, the
system contains mechanisms to grant rights to selected users: It can be specified which mobile devices
a user is allowed to locate. In the following we will present the overall architecture of the system.

2.1 Involved components

The system (figure 1) consists of four nodes, two servers and two clients, where the clients may appear
in more than one instance. The functionality of the clients is divided into the components position
display (locating user) and position determination (located user). The latter is connected to a GPS
controller and transmits the current position of the device to the server. In order to reduce the amount
of data to be sent, the user can freely set transmission intervals and define a minimum change of
position.

All transmitted positions are inserted into a database by the position server. Besides this, the server
saves advanced information like insertion date and time or the velocity of the user. The component
position display can now — assuming that the necessary rights have been granted — provide information
by querying the server. The map material that is needed to display the location is downloaded from the
online mapping service Map24 [7], which delivers a static picture of any map section within Europe
(through an appropriately encoded URL). The sequence diagram in figure 2 illustrates the data flow
during a position request. All nodes are implemented in Java.

2.2. Hardware Requirements

Our mobile software is implemented in Java 2 Micro Edition (J2ME), so the mobile devices have to

support Java’s Connected Limited Device Configuration Specification (CLDC) [8]. Furthermore, they

must be able to establish an internet connection. The device that will be located additionally has to

fulfil the following requirements:

e A permanent connection to the internet: To ensure a certain degree of significance, the position of
the users needs frequent updates. Therefore, a permanent internet connection is suggestive, for ex-
ample through GPRS. Being a packed based service, the costs of a GPRS connection are usually
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Figure 2: Sequence Diagram for Requesting a Position

determined by the network traffic and not by the duration of the connection. Since a position in-
formation packet is a string of less than 400 characters, the resulting traffic is low.

e GPS capability: The device to be located must have access to an integrated or external GPS re-
ceiver.

e Java support: A Java program determines the position and transfers this information to the server.
The device must be multi-tasking capable, so that it is not blocked by the execution of this pro-
gram.

3 Functionality provided by the server

The devices that request locations and the devices that provide locations are connected to a central
server. The server administrates position data and user information as well as localization rights in a
relational database and ensures the consistency, persistency and correctness of this data. For example,
location information has to be converted since the user sends such information in a format that differs
from the format being compliant with the maps. Due to the limitations of J2ME, this conversion
cannot reasonably be done on the mobile device. Besides this, J2ME has no support for sending in-
stances of objects over a network. Therefore, we had to create a string based protocol to replace Java’s
powerful serialization feature. Our protocol has the following syntax:

[action] X [condition] X [user] X [datalD 1]X[dataRecord 1]X---X[data ID ] X [dataRecord {]
X is a (predefined) separator. For example, the string
getGdpXlatest XownUserDataXUsernameToLocalize

returns the last position of a user. The own user data must be supplied so that the server can check if
the user is authorized to localize the selected device. The insertion of new position information is done
as follows:

insertGdpX XownUserDataXlongitudeX12.65X1latitudeX48.15X ...

Here, a condition is not necessary (represented by two consecutive separators).



In our prototype, network communication is not encrypted. Once the system is used as a productive
system, encryption of personal data and position information is mandatory. First tests show that de-
pending on the Java version, problems can arise on mobile devices due to J2ME limitations. On the
server side we do not expect difficulties.

As mentioned before, users are not allowed to locate every other user of the service. This problem is
solved in a pragmatic way: during each communication process, the username and password are
transmitted. If authentication fails, the server cancels the current operation and sends an error message
to the requesting user.

4. Functionality provided by the client applications

As mentioned in the beginning, a user’s location can be retrieved from a personal computer as well as
from a mobile device. In the following, both client applications are presented.

4.1 Mobile phone client

The prototype uses mobile phones to represent mobile devices. In principle, the application can easily
be exported to other mobile devices such as PDAs or Smartphones, as long as the devices fulfil the
requirements discussed in section 2.2.

Programming Language: The most important requirement was compatibility. The software had to be
executable on all popular mobile phones and PDAs without major modifications. Therefore, proprie-
tary languages such as In-Fusio’s ExEn' did not fit our needs. Today, most mobile devices that come
into the market are equipped with a “Java Virtual Machine”, which challenged us to implement our
software in Java. The Java specification is divided into several variants that cover different hardware
capabilities. Besides the prevalent regular edition (J2SE/J2EE), Sun offers the Java 2 Micro Edition
(J2ME) which is optimized for usage on mobile devices. This standard is further split up into several
subgroups. Mobile phones use the Mobile Information Device Profile (MIDP), which is based on the
Kilobyte Virtual Machine (KVM). It only needs 32 to 512 kb main memory. Amongst other features,
MIDP provides network support (HTTP 1.1), the possibility to permanently store information, and a
graphical user interface that automatically adapts to the device’s characteristics.

Unfortunately, the low hardware requirements of MIDP bring about severe technical restrictions. For
example, most devices using MIDP do not support floating point operations.
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Installation: Compared to the installation routines known from personal computers, installing software
on a mobile phone is a little more difficult. The software can either be copied from a PDA or PC, or it
is installed using “over-the-air provisioning”. In the latter case, the J2ME compatible application (the
so-called MIDIet) is downloaded from the internet. At first, only a . jad file that describes the appli-
cation and its size is downloaded. The user can then decide whether or not to download the entire
application as a compressed . jar file.

User interface: After starting the application the main menu (see figure 3a) is shown. With View Map
the own position or the position of another user can be shown on a map (see figure 3b). If required, a
reticule which points out the exact position can be plotted onto the map. The menu item View details
displays additional information like longitude, altitude, speed or the number of available satellites (see
figure 3¢). View settings contains additional settings such as the update interval or the minimal change
of position. As already mentioned, these parameters are useful to reduce transmission costs. The user
management can be found at Change User. Besides the settings regarding the current user (username
and password) it also includes the permission settings. Change target requests information (location
and details) of other users. Settings regarding the connection to the server can be changed at Server
data. Likewise, Map settings contains settings regarding the map server. Mobile settings allows to
adapt the software to the mobile device by changing the display resolution and the number of colours.
However, these parameters are usually determined automatically.

4.2 Desktop Client

Since mobile devices have a limited display size, not all details of the GPS data can be displayed in a
reasonable way. We decided to implement a desktop client to solve this problem.

Programming Language: The desktop client is written in Java (J2SE 1.4) to guarantee platform inde-
pendence. Every computer that can run a “Java Virtual Machine” can also run our application. As for
the user interface, we use the Swing package which is rather easy and intuitive to use.

Functionality: The desktop client (see figure 4) can plot the position of mobile terminals on a map. A
connection to the internet is required to run the software since both the users’ positions and the map
are stored online. Position information is retrieved using the string-based protocol presented in chap-
ter 3. The required map sections are returned as a GIF image by the map server on a simple
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Figure 4: Desktop Client



HTTP/URL request that contains longitude and latitude. The map server also plots the positions of the
selected users onto the image. This ensures optimal readability of the captions. As a consequence, the
users’ positions have to be submitted to the server in a separate HTTP-request.

After starting the application the users have to authenticate (username and password) themselves. If
authentication is successful, the position server transmits a list of all users that have granted localiza-
tion rights to the user that logged in. The user can now select one or more of them; their positions are
displayed on a map that automatically zooms to show all users.

A tab shows additional statistical information such as altitude or speed for each user. The direction of
the user’s movement is also displayed in a compass rose whose needle grows in correlation to the
speed. The map can be zoomed either stepwise or by using predefined levels of detail (street, city,
region, country). Another feature of the desktop client is the possibility to playback routes. On the
position server, each position dataset is assigned to exactly one route. As the dataset also contains a
timestamp, a reconstruction of the route is possible. On replay, the user can choose between real time
and accelerated playback.

5 Summary and prospects

A mandatory condition for the realization of location based services is locating mobile devices. Within
the scope of the presented project we developed a system which enables to determine the position of a
device equipped with GPS. In addition to a server that manages user rights and position information,
two client applications were implemented. They allow accessing the data from a mobile phones and a
desktop PC, respectively. The overall architecture was presented in this paper as well as aspects of the
implementation and the usage of the system.

In fact, the system is a prototype and leaves space for further development, such as (1) scalability of
the server in case of large amounts of users and (2) encrypted communication between the participat-
ing components. Alongside technical questions, possible application fields were a central question. As
already mentioned the main goal was to increase accuracy for localization of the “GSM-Schutzengel”
through GPS.
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