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Abstract 
 
As the usage of mobile telephones increased at the end of the nineties, the development of 
Location based services (LBS) started. LBS in a cellular telephone network are a service 
provided to the subscriber based on its current geographic location. The position can be 
known by user entry or a GPS receiver that the person carries with him. 
 
Mobile network operators continuously seek new innovative ways to increase profits and to 
create differentiation. One of the best ways to do this is through the delivery of highly 
personalized services. One way to personalize mobile services is based on location. 

Location-based services open a new market for developers, cellular network operators, and 
service providers to develop and deploy value-added services.There are a numbers of 
location-based services on the market today. Positioning within the vehicle business, 
positioning of emergency calls and commercial services like shopping offers, when the user 
is close to a supermarket are examples of LBS. 

This thesis is the result of a project that was conducted at Followit in Skellefteå during 
spring 2005. One of Followit’s products is a small unit called locator. This unit consists of 
a GSM and a GPS module and is mainly used for surveillance. It has many area of usage, 
for example the user can place it in the car and if someone steals it, the user can get its 
position and catch the thieves.   
 
The aim of this thesis is to investigate what limitations Followit’s system has. The thesis 
presents a platform that simulates a real environment by generating position events. Using 
this platform it is possible to explore how many SMS objects Followit’s platform can 
handle. In addition the simulated platform can also be in use, for example if the user of the 
Followit’s system wants to test a position in an almost inaccessible ground; the platform 
just easily simulates the position. The platform can also be in help looking for bugs in the 
software.  
 
An interface in Followit's platform is going to be implemented allowing it to communicate 
with the simulated platform. This interface is going to communicate with another platform 
in Spain, called the Redbox platform. Followit also wants to distribute locator modules in 
Spain, so this is a great opportunity for this to also be done. Due to fear of terrorist actions 
the Redbox platform has not yet been opened. So test against Vodafone Spain have been 
postponed. 
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1 Introduction 
 
This chapter describes some more of what Followit is and what they do. It also presents the 
problems that are to be solved in this thesis and finally some targets. The subsection that 
follows introduces to some background information. 

1.1 Background 
 
Followit was founded in the year 2000 and has today (2005) nine employees. Followit’s 
business concept is to combine the four technologies GPS, GSM, GIS and Internet to 
expand the possibilities to control, safety, information and analysis trough a uniquely 
developed system. Customers are logistics companies, security companies and hunters 
among others. 
 
One of the company’s products is a unit called locator. This small unit consists of a GSM 
and GPS module and is mainly used for surveillance. The locator communicates with SMS 
using its GSM module and the GPS module to get its position. The locator it mainly used in 
the vehicle business, for example trucks and cars. 
  
If the user has bought a new expensive car and is afraid of burglary’s, it is possible to 
assemble an locator on it. Using a web server provided by the locator and Followit, it is 
possible to configure several behaviors. For example, if the car moves from the users 
garage an SMS it sent to the users mobile. Then the user can get its position and catch the 
thieves. 
 

1.2 Problem description 
 
The purpose of this thesis is to investigate Followit’s limitations regarding how many SMS 
objects it can handle. Followit wants to test their system to find its limitations and also be 
able to distribute their locators to Spain, through an interface in their platform. To fulfill 
this, a simulated platform is going to be implemented to test and evaluate Followit's LBS 
system. To develop such a platform, the following questions must be addressed: How is 
such a platform created? What components are needed to build one?  
 
Another question besides the question mentioned above is, how can a LBS system be 
tested? Manually testing a LBS system could be ineffective and time demanding. What is 
more desirable and interesting it to test it against multiple users i.e. simulate some kind of 
an arbitrary infrastructure of users. It would be more cost effective to do this. 
 
The simulated platform is going to have some impressions of the Redbox platform because 
the interface made in Followit’s platform will work against both platforms.  
The main purpose with simulating positions is to be able to test/troubleshoot LBS based 
applications. If a person wants for example to test a position in the forest, it would help if 
the person did not have to travel to the forest, but instead just simulate the desired position 
from the simulated platform.  

Luleå University of Technology 
 

-8-



 A Platform for Testing and Evaluating Location Based Services 
 

 

2 Communication between Followit and Vodafone Spain 
 
This chapter gives on overview of the two systems that are communicating with each other, 
Followit’s platform and the Redbox platform. To understand more about the how the 
communication between the two platforms works, a short description of the involved 
technology will be presented. Concepts like SOAP and GPS are brought up. 
 

2.1 Followit architecture 
  
 

 

 

 

 

 

 

     

 

Figure 2.1 – Overview of the two platforms 
 

SOAP 

Redbox V
platform 

odafone 

sms sms smsSMSC 

SMS 

GSM network 

Web server 

GIS DB 

User DB 

Bouncer 
XML  

SMS 

Locator 

Followit platform 

 
Figure 2.1 depicts the two platforms that are communicating with each other. The rest of 
the section describes how the system works.  
 
Followit positioning and mapping system is basically a client/server solution where the 
clients (e.g. users at different levels) can utilise the functionality of their Followit Locator 
transponder. User levels includes all system users, from the owner or top administration of 
the system to the low level end user. The heart of the system is the web server and it is also 
the interface to the system users. Through the provided web interface, users are able to send 
orders to locators, add users at sub levels and view incoming locator results (both in map 
format and in message logs). 
 
The web site is primarily ASP based and uses both client side and server side scripting. The 
web server connects to the different data sources needed for system functionality, primarily 
map data and user data. Mapping includes, apart from the map data, a powerful mapping 
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server used to locate positions and deliver visual results back to the user. Map functionality 
is achieved through a Java script based API provided with the mapping software.  
 
User data is stored in a relational database. This data includes information about all users at 
the different levels, information on all locators in use within the system and messages sent 
to and received from locators. Message (SMS) distribution to and from the locator are 
processed by a messaging function that sends and receives messages with XML forms. 
These forms are sent over the internet to a dedicated provider of short message services and 
after that over GSM network to the locator. 
 
There is a database where coordinates (longitude, latitude) from the locator is stored. These 
coordinates are later visualized on a map by the program. 
 
In picture 2.6 
Scandinavia is 
zoomed, but it is 
possible to zoom in 
whole Europe. It is 
also possible to 
enlarge the picture 
multiple times to get a 
clearer picture. 
 
Below follows a 
simple example how 
the system could be 
used. 
 
The user of the s
configures the wanted 
behavior of  

ystem 

Figure 2.2 – GIS system 

the locator in the web 
server. This 
information is then 
sent with XML in to 
the bouncer. Here is 
an especially adapted 
XML schema built up to communicate with Vodafone Spain. This XML schema contains 
the SMS that are being sent to the truck in Madrid.  
 
After the XML schema is built up, the bouncer sends it away with SOAP (Simple Object 
Access Protocol) to Vodafone Here the SMS is stored in a SMSC (Short Message Service 
Central) when it is later sent via the GSM network as a SMS to the locator. The locator 
answers with its position and sends it back to the web server where it can be visualized on a 
map.   
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2.2 Redbox architecture 
 
Figure 2.3 depicts the Redbox architecture and client symbolize in this particular example 
Followit. SOAP is always used to communicate with the Redbox platform.     
   

2.2.1 SMS 
 
SMS is not sent directly to 
a receiver, but it is always 
sent via a SMSC (Shorts 
Message Service Central). 
If the receiver’s phone is 
off, then the SMS is stored 
in a SMSC. It then tries to 
resend the SMS in even 
intervals.  

   Client

 
Later when the receiver has 
received the SMS an ACK 
(Acknowledgement) is sent 
to the SMSC. When the 
SMSC receives the ACK it 
deletes the SMS from the 
SMSC. The user can also 
configure the phone to get 
an ACK when the receiver 
receives the users SMS. If 
the SMS is not delivered in 
a specific amount time, 
determined by the operator, 
it will be deleted from the SMSC  

Internet 

Firewall 

SOAP 

LBS MMSc SMSc 

Red Box 

Provisioning 

Billing 

Figure 2.3 – The Redbox architecture 

 
What is becoming more and more popular is to use SMS to subscribe on information 
services like weather and stock information. This information can be ordered “directly” or 
come with even time intervals. The presentation of information is today adapted to the 
phones display [4]. 
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2.3 Locator 
 
Followit has a web server where the user can send data against the locator. This allows 
users to configure data against the locator in order to track it. The web server is only 
available to approved users and this service has global coverage. Its hardware consists of a 
GSM module, a GPS module, a SIM-card holder and a RS232 serial 
interface. The locator is depicted in figure 2.4. 
 
The locator can either be used in the hand of the user, connecting it to 
a PDA (Personal Digital Assistant), or connecting it to a computer. In 
addition it can be used by a remote user to track whatever object it is 
placed on. Position coordinates can be received on a mobile phone or if 
the user has a SIM card and a map program on the PDA, positions can 
be seen on the map 
 
There are some different modes that the locator can be in (it must 
always be in one).The user can also request some specific information. 
This request does not affect the present locator mode.       

                  Figure 2.4 – The Locator 
                          
To mention a few of these: 
 
Modes: 
 

Init          Standard mode, specifies answer route, power saving options etc. 
Interval  Sends position data at specified intervals and a specified number of 

positions. 
Alarm     Sends position data if alarm button is pressed. 
Limit  Starts sending positions when it is either inside or outside a user 

defined area.   
Checkpoint 15 checkpoints can be defined in position and time. 
Fence Sets a circular fence area around a specified location, if the 

locator leaves the fence area it starts sending positions. 
 
Requests:  
 

Buffer request The Locator will return a number of positions. 
SW request   Returns the current firmware version. 
Xfer     Incoming SMS will pass right through the locator to the 
      serial port, for example a PDA. 
Odometer         Returns a distance calculation on how far the locator has  

  traveled since reboot or reset. 
Status     Returns the latest valid position and which mode is active. 
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2.4 What is GIS? 
 
A common definition of GIS is: “A computer based system for register, administer,  
analyze and present position bound information” [3]. 
 
GIS is a technique that is used within many industries where digital geographic information 
is handled. It is a very natural technique because a big part of the information has a 
connection to the map, which becomes an automatic carrier of information. GIS is 
furthermore a very appropriate and natural aid when it comes to describe the structure of 
natural activities i.e. all activities that have the nature as play board [2]. 
 

2.4.1 Components in a GIS system 
 
All GIS systems have three main components [3]: 
 
Hardware: It requires a computer to work, and relative high-powered one. The software 
manipulates large quantities of alphanumeric data and produces high resolution graphics as 
output. To process this, great deal of memory, high processor power and a high resolution 
monitor is needed. 
 
Software: A number of software exists on the market with varying prices. Some software 
packages are also available for free on the Internet. 
 
Data: The data used by the GIS software is also known as geospatial data or attribute data. 
They are alphanumeric data collected by some body and can be referenced geographically, 
or, in other words, assigned a place on a map 
 
 
2.4.2 Areas of usage 
 
GIS has many areas of usage, environment surveillance, transport planning, society 
planning, biology, and telecommunication. Some more specific areas of usage in our 
community are [3]: 
 

• Planning ambulance transports. 
• To localize the best place for example building a new school. 
• In the cellular telephony for knowing where a base station should be placed for the 

optimal coverage. 
 
Since the locator retrieves its position through the GPS satellites, the next section will 
present the GPS subject. 
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2.5 GPS 
 
Global Positioning System (GPS) is satellite based navigation system built upon a network 
of 24 satellites which are placed in an orbit around earth by the Department of Defense 
(DOD). In the mid 80’s, GPS was available for private use. It was from the start only 
intended to be used by military activities. 
 
A good thing about GPS is that it works in every country 24 hours a day. To be able to 
determine a position, GPS must receive information from at least 3 satellites. The 
information contains the following [7]. 
 

• Time and date. 
• The satellites id number (which one of 24). 
• The satellites present condition (if it works or something is wrong with it.) 
• Data about where the satellite was on the reported moment. 
 

2.5.1 How does GPS work? 
 
It takes 12 hours for one satellite to travel around the earth. They are located on a height of 
22 000 km and moves with a speed of 11,2 km/h [8]. In their orbit a special signal with 
information is sent back to earth. This information is received by a GPS-receiver and its 
using a triangle method to calculate the user’s position. 
 
To calculate the height where the satellite is placed, the user compute the time it took for 
the signal to receive the GPS receiver. Then comparing the height with the other satellites 
(at least 3), the position of the user can be determined. 
 

2.5.2 GPS accuracy 
 
Today’s GPS receivers are very precise thanks to their 12 channels parallel receiver. This 
makes it possible to get in contact with maximum numbers of satellites without dropping 
contact with them in hard conditions like cities, forests and mountains. 
 
The most GPS receivers got an accuracy of 15 meters or better. To get the best precision 
the GPS receiver needs to have the sky within reach. Reflections from high buildings can 
change the time it takes from the satellites to reach the GPS receiver, which results in less 
accuracy [7].
 
The next section is about SOAP. It is used to transport data between the Followit platform 
and the Redbox platform. 
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2.6 SOAP 
 
The industry consortium behind SOAP (Simple Object Access Protocol) is the World Wide 
Web Consortium (W3C). It is an organization with 500 members from leading industries, 
research and development. They work with develop new technical protocols and standards 
for the web. SOAP is a lightweight protocol for exchange of information in a 
decentralized, distributed environment [9]. 
 
A very important thing about SOAP is that its platform- and language independent, which 
makes its possible to communicate between platforms like Windows, Mac, Unix etc. 
written in an optional program language under condition that it has support for SOAP [9]. 
 
Many of today’s applications use RPC (Remote Procedure Protocol) to communicate i.e. 
call methods in web applications to receive answers from them. RPC is used between 
object like CORBA (Common Object Request Broker Architecture) and DCOM 
(Distributed Component Object Model). RPC often involves security and compatibility 
problems, proxy servers and firewalls will normally block this kind of traffic [10]. 

A better way to communicate between applications is HTTP (Hypertext Transfer Protocol), 
because HTTP is supported by all Internet browsers and servers. So instead of creating a 
new communication protocol, SOAP has been chosen to be bind to the already existing 
protocol HTTP. This means that it is possible to use the already existing Internet technique, 
without any new installation of communication applications. It is also possible to use the 
protocol SMTP (Simple Mail Transfer Protocol) for SOAP, but is has very restricted area 
of usage. Because SOAP is an XML based protocol its often describes as XML over HTTP 
[11].  

2.6.1 SOAP structure 
    
The SOAP structure is like an ordinary XML document, containing the following elements 
[10]. 

         SOAP envelope 

• Envelope (mandatory), identifies the XML document as a SOAP message is the 
root element in the document. 

• Header (optional) contains application 
specific information, e.g. authentication as in 
my example. This element must always 
stand first after the envelope. 

SOAP header 

• Body (mandatory), contains the real SOAP 
message. 

SOAP body 

• Fault (optional), contain information about 
what went wrong.   

                Figure 2.5 – SOAP Illustration 
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2.6.2 A SOAP message                 
     
In this example HTTP is being used as transportation protocol. First we see the HTTP 
header information. A SOAP request can either be a HTTP POST or an HTTP GET request 
[10]. 
 
HTTP POST requires at least two HTTP headers, content-type and content-length. 
The different between them are that GET is more used like a question (query) and POST 
when the user wants to “order” something. In this example POST is used, its also the most 
common one of these two. 
 
Http headers: 
 
POST /soap/SOAPSMS HTTP/1.1   <!-- http version & post (send) --> 
Host: serv.prep.cdm.vodafone.es   <!-- server to receive the message --> 
Content-Length: 1307      <!-- size of the body in bytes--> 
Content-Type: text/xml      <!-- type of content--> 
 
 
Actual message: 
 
 
<?xml version="1.0"?> 
<Envelope xmlns="http://schemas.xmlsoap.org/soap/envelope/">    
 <Header>            
  <VODHeader xmlns="http://www.vodafone.com/soap/header/"> 

 <authentication>               
<username>it is me</username> 
<password>it is a secret</password> 

 </authentication> 
  </VODHeader> 
 </Header> 
 <Body>            
  <VODBody xmlns="http://www.vodafone.com/soap/body/"> 

 <message>Hello world</message>  <!-- message text  
  </VODBody> 
 </Body> 
</Envelope> 
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2.6.3 Namespaces 
 
A namespace is a quantity of strings. Within the same namespace every name must be 
unique. Two strings with the same name can be used if they are put in two different 
namespaces.  
 
A SOAP message must always have an element associated with the 
http://schemas.xmlsoap.org/soap/envelope/ namespace. In this example Vodafone also have 
chosen to use namespaces in the header and body parts. The only namespace that is 
mandatory is the envelope one [12]. 
 

2.6.4 Security 
 
SOAP has no inbuilt security methods, which in first appear seems a little bit strange. 
SOAP does not need any inbuilt security. SOAP is a protocol of sending messages, but it is 
always a transport protocol beneath. All security is handled by the transport protocol. Is 
SOAP used with HTTP, then its security functions are used to get a safe transfer [11]. 
 
Because SOAP is in trust with HTTP as transportation and the majority of the firewalls 
allow HTTP to pass, problems usually do not occur. 
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3 A platform for testing and evaluating location based 
services 
 
This chapter describes the theory behind the simulated platform and what components are 
needed to build one. It also describes some mobility patterns that can be used to generate 
positions events according to a vehicles movement. To get a clearer picture how the 
platform will work a user interface will also be presented and finally some related work 
and software testing. 

3.1 Components in the simulated platform 
 
As mentioned in the introduction section, the purpose of the platform is to simulate a real 
environment. Manually testing a LBS system could be very inefficient and costly. 
Therefore it would be benfitial if it was possible to simulate some kind of an arbitrary 
infrastructure of users, for example test a LBS system against multiple of users. The 
platforms main task is just to supply the LBS system with coordinates from users. In figure 
3.1 a generic platform is depicted. 
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Figure 3.1 – Components in the simulated platform 
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To generate patterns (GPS positions) from the simulated platform, the mobility pattern 
generator exist. To be able to generate more realistic patterns, a map database exists where 
positions generated from movements from vehicle are stored. 
If the user wants to type in its own positions it is possible and also to randomly generate 
positions. To specify the time interval when sending the next position a timer exists. It is 
also possible restrict how many positions the user wants to send. 

3.1.1 The Mobility Pattern Generator 
 
The core in this platform is the Mobility Pattern Generator (MPG). It is the Mobility 
Pattern Generator that generates the positions that are sent to the LBS platform. A timer 
exists that is used to specify the time interval when to send the next position and also for 
how long time the Mobility Pattern Generator should generate positions. 
 
The Mobility Pattern Generator also contains a logger that logs everything that happens, so 
if anything does not happens the way it should it is easy to look into the logger file to see 
what went wrong. 
 
The simulated platform is based upon a threaded system. The behavior is start a thread, 
send the position then terminate. 
 

3.1.2 Mobility patterns in the simulated platform 
 
The user of the system can chose between three available patterns to use when sending 
positions to the LBS system: 
 

• User defined pattern: The user defines the pattern. If the user wants to test a 
position in almost accessible ground, it is easily simulated from the platform.  

• Random pattern: Here is it possible to test the system on a global coverage. But it is 
also possible to restrict the area from where the mobility pattern generator generates 
the positions. For example the user maybe wants to simulate positions from, for 
example Luleå city. Then the user types in the desired area, four positions (long, lat) 
are needed to form a square. Then are positions generated from this square. 

• Deterministic pattern: This pattern is used when the user wants to simulate a 
vehicles movement, for example a cars movement in a city. 

 
If the user have chosen the deterministic or random pattern it is possible to restrict how 
many nodes (positions) the Mobility Pattern Generator should generate. If the user 
wants to use the random pattern, the user can configure it to generate 500 nodes with a 
time interval with 30 seconds 
 
When choosing the deterministic pattern, the user must consider how many positions 
there are in the map database, when choosing number of nodes the user wants to 
generate. In the next section this will be described further. 
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 3.1.3 The Map database 
 
To get the deterministic pattern to work the user of the system must have some positions 
taken from the map database. The map database contains the following information: 
 

• GPS positions 
• The number of times the position is reported etc if another vehicle reports the same 

position. 
• The locator device id that reported the GPS position. 
• Date and time when the position was reported 

 
To fill the map database with positions the user can put a locator similar device on, for 
example 20 cars. Then the cars drive around in a city and report their positions every single 
minute during a 60 minutes period. Then we will have a database containing 1200 
positions. 
 
If the user has chosen the deterministic pattern the user must choose if he wants to use 
dynamic or static positions: 
 

• Static positions: A path reported from someone of the locators is chosen. 
• Dynamic positions: To make this work, positions that are very close each other, will 

be put together, so the number of times the position is reported will increase by one. 
By doing so positions that are reported many time will have higher weight. From 
the map database it is now possible to create a dynamic weighted tree. 

 
Any location on Earth can be described by two numbers, its latitude and longitude. These 
are two angels measured in degrees, minutes and seconds. It is 60 seconds on 1 minute and 
60 minutes on 1 degree [15]. 
 
Latitude: Is referenced as north or south of the equator and with zero 
degrees at the equator and 90 (N) degrees at the north pole and -90 (S) 
degrees at the south pole. A latitude position can for example be 
65:45:16S. 
 Figure 3.2 – Latitude 
                    
 
Longitude: Is referenced as west or east of meridian, with zero degrees 
in Greenwich, England. Longitudes are measured from zero to 180 
degrees east (E) and -180 (W) degrees west. A longitude position can for 
example be 174:48:15E. 
 Figure 3.3 – Longitude  
                     
Because the distance between the equator and north pole is 10 000km, corresponds every 
degree to 111 km and every minute to 1852 meter and every second to 30.86 meter [15]. 
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1 degree = 60 minutes 
1 minute = 60 seconds 
 
1 degree = 10 000km / 90 degrees = 111 km 
1 minute = 111 km / 60 minutes = 1852 m 
1 second = 1852 m / 60 seconds = 30,86 m 
 
The idea of round off close positions is to be able to increase that positions weight. 
Longitude and latitude positions that are less than or equal to two seconds difference i.e. 
less than 61,72 meters, will be put together. 
 
For example if one position in the map database is (65:45:16S, 20:54:30E) and the new one 
is (65:45:14S, 20:54:29E). The difference between those two angels are (65:45:16S, 
20:54:24E ) - (65:45:14S, 20:54:29E) = (2 seconds, 1 seconds), the weight of the position 
(65:45:16S, 20:54:30E) will be increased by one.  
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Figure 3.4 – A weighted dynamic tree 

 
In figure 3.4, a weighted dynamic tree is depicted. Imagine those nodes to be for example 
intersections in a city. Either the car turns left otherwise right. If new positions are sent to 
the map database the tree adapts to those and changes the tree structure. 
 
In this particular example, the chosen path is the one with highest weight (bigger lines). 
These paths (gps positions) are later generated by the Mobility Pattern Generator. This path 
is now actually a very realistic path with the highest weight. 
 
If the user of the system does not have any possibilities to fill the map database with 
positions or does not want to, the user can use the two other patterns instead. Those two 
patterns do not need any background positions to use, as they can be used instantly. 
A company that uses this platform can switch/trade map databases with each other. In this 
way the companies will be able to test positions from other movements of vehicles. 
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3.2 User interface 
 
To get a clearer picture how the simulated platform works, a user interface will be 
presented. This interface should not be viewed as the final one, besides a possible variant. 
The program does not work; it just contains the user interface. 
 

3.2.1 User defined interface 
 
In figure 3.5 the program is depicted. The program consists of four menus, patterns, map 
db, communication and help. The patterns menu consists of user defined pattern, random 
pattern and deterministic pattern (static and dynamic). 
 
The map db menu, it is here where the user creates or deletes the map database that will 
contain positions from vehicles moving around in a real environment. 

 
The communication 
menu is where the user 
starts the server that 
retrieves positions from 
the locator similar 
devices and adds them in 
the map database. 
 
It is also where the user 
connects to the LBS 
platform that will be 
tested. Just type in the ip 
number and port number 
and connect to the 
desired LBS platform. 
 
The final menu is a help 
section that describes 
how the user must 
interact with the system 
to fulfil the users goals. 
For example it contains 
information about how 
the latitude and longitude 
system works. 
 

 Figure 3.5 – User defined interface  
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To be able to see what happens and also track down a possible failure a logger exists that 
logs everything that happens. When the program terminates the logger info is saved into a 
text file for further investigation if so needed. If the user has chosen to use the user defined 
pattern, the user just types in the desired longitude and latitude coordinates. 
 

3.2.2 The random interface 
 
The random pattern can be used in two ways: 
 

• The first alternative is to restrict the area from the positions are taken. The user can 
restrict it to a square. The first corner is in the left upper corner the other one in the 
right upper corner and etc. Some positions occur twice in figure 3.6, the reason for 
this is that if a square is formed, the two upper corners will have the some latitude 
since latitude coordinates are the same when the lay on the same horizontal level. 
And longitude positions are same if the lay on the same vertical level. 

Figure 3.6 – Random interface 

• The second alternative is just random positions from a global coverage. If the user 
chooses this option, the position that generates can very likely be from the sea as 
from the land. 

 
 

 
 

 

Luleå University of Technology 
 

-23-



 A Platform for Testing and Evaluating Location Based Services 
 

 

Two other adjustments exist. The user can configure how many positions the user wants to 
generate and with what time interval when the next position should be generated. 
 
 

3.2.3 The deterministic interface 
 
When choosing the deterministic pattern the 
user can choose between static and dynamic. 
In figure 3.7 the static interface is depicted.  
 
A static pattern means that path reported from 
one of the locator similar devices is used. The 
user chooses which locator the user wants to 
use. In the field available positions, the 
number of positions that the chosen locator 
have is presented. 
 
Either are all the positions generated or the 
user decreases the amount. If one locator 
contains 60 positions the user can choose to 
only use 40. The time interval when sending 
the next position can be manual configured. 
 
 

Figure 3.7 – Deterministic static 
interface

 
 
 
The dynamic patter interface is depicted in 
figure 3.8. The first thing that happens is that 
the dynamic weighted tree is constructed in 
the program. Then the amount of available 
positions that tree contains is presented. 
Number of positions also describes the height 
of three, in this case 22. 
 
As in the static example, all positions are 
generated or a specific amount off course 
lower then the maximum level of the tree. As 
before the time interval when sending the next 
position can be manual configured. 

 Figure 3.8 – Deterministic 
dynamic interface  
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It is also possible to restrict how the map database should round off positions. The default 
value is 2 seconds, 1 second corresponded to 30,86 meter. Parameters that decides how big 
the round off distance should be is for example the size of the city (area) and available cars 
for collecting positions. 
  
If the numbers of cars are few it is better to have low round off distances so many as 
possible positions can be put together to build a high tree as possible. If the city is very big 
and available cars are few, it is better to have big round off positions. What’s desirable is to 
build as high tree as possible in a realistic way so to speak. It would not be very realistic if 
the round off distance where 5 kilometres. Sometimes it would maybe be desirable to have 
very big round off distances, it depends on what the user have in its mind. 
 
It does not necessary need to be a car that uses the locator device, it could an airplane. The 
user maybe wants to collect positions from military airplanes flying from from Luleå to 
Skellefteå (training missions), to find out what path is loaded the most. This could be done 
to minimize traffic accidents in the air. The imagination is the only thing that stops the user 
of the system. 
 
 
3.3 Mobility patterns 
 
While the platform should be able to simulate a real environment it can be useful to take a 
look at some mobility patterns that can be used to generate position events. For example if 
the user wants to simulate a car with a locator, it is possible to use a model that generates 
events according the cars movement. 
 
To illustrate the predictability of mobility patterns, consider for example the fleet of buses 
driving around in Stockholm, Sweden. The movement of each bus is not completely 
random; else the purpose of the bus service would be defeated. Given the right parameters 
like the route to be followed, speed limits and the time-checks, it is with high reasonable 
amount of accuracy possible to predict the location of the bus at any given time [14]. 
 
Sometimes situations occur that is 
impossible to predict the 
predetermined way. For example a 
soldier in action during a rescue 
mission in an earthquake area. H
the soldier might follow a random
path trying to cover as much are
as possible. In this case, the 
mobility pattern tends to be mor
unpredictable. 

Mobility model 

ere 
 

a 

e 

Deterministic Random Semi- Deterministic 

Figure 3.9 – Classification of mobility model 

 
Hence to cover all the possible scenarios of mobility patterns from totally random to highly 
predictable random motions, we classify mobility in three patterns [14]. 
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To explain the basis of the 
classification mobility model in 
figure 3.9, consider figure 3.10, it 
shows a mobile node at position A at 
instant t. In each position, the mobile 
node is associated with a direction 
vector. This vector may different 
from each position. It is the deviation 
of the newly acquired direction 
vector from the old one, which 
dictates the type of the mobility 
pattern being followed by the nodes [14].  

Position A
Position B
φ

At time t

At time (t +∆t) 

Figure 3.10 – Node movement with respect to time 
 

The deviation is shown in figure 3.10 as φ.  
 
 
3.3.1 Deterministic mobility model 
 
The most predictable type of motion is the deterministic mobility model. For example, if 
the mobile nodes were moving in a straight-line (i.e. following a deterministic model), the 
deviation of the direction vectors associated with any two positions would be zero, as the 
mobile nodes continue to move in the same direction. 
 
The deterministic model is also called the urban traffic model. A scenario resembling a 
deterministic mobility model would be cars moving in an urban traffic area, where the 
speed of the cars is restricted and the direction of the cars movement are predefined i.e. 
either in a straight-line or turning only at cross lights [14]. 
 

3.3.2 Semi-Deterministic mobility model 
 
The Semi-Deterministic mobility model is the second 
most predictable model of the three and is also called 
the column model. Consider, for example, a battalion of 
battle tanks marching ahead. Here the path followed by 
each tank is not specified, but they do move in a general 
direction (i.e. towards the war front). 
 
We can see a general pattern of a column evolving out 
of it, even though the individual tanks do not have 
specified direction. Figure 3.11 depicts a pictorial 
picture of the column model, where in this case ants can 
be viewed as tanks moving in the general direction of 
the goal. 

Figure 3.11 – The column model 

In this case the deviation between the direction vectors of two positions can range from (-
90° to +90°), depending on the width of the column [14]. 
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3.3.3 Random mobility model 
 
Consider the random motion in figure 3.12. This 
motion is totally stateless, that is the future movement 
here is completely independent of the past movement. 
Hence there are no bounds imposed on the max 
deviation which the nodes can take up for their next 
movement. This randomness in choosing the next 
direction vector makes this type of motion completely 
unpredictable [14]. 
 
This mobility pattern can be used when for example 
looking for bugs in the software. 
 
 
               

3.4 Software testing 
 
Software testing is a process used to identify the co
developed computer software. Actually, testing can
computer software. It can only find defects, not pro
 
A problem with software testing is that the number 
large and number of configurations of the product l
difficult to find in testing. A rule of thumb is that th
without faults for a certain length of time must have
length of time. This has cruel consequences for pro
software [16]. 
 
Regardless of the methods used or level of formalit
a level of confidence in the software so that the dev
has an acceptable defect rate. What is an acceptable
software. An arcade video game designed to simula
have a much higher tolerance for defects than softw
[16]. 
 
When software testing is performed it is common p
an independent group of testers after finishing the s
to the customer. Another important thing is to start 
project starts and it is a continuous process until the
sooner a defect is found the cheaper is it to fix it. 
There are a number of different approaches testing 
most important of those. 
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3.4.1 Unit Testing 
 
In computer programming, a unit test is a method of testing the correctness of a particular 
module of source code. The idea is to write test cases for every non-trivial function or 
method in the module so that each test case is separate from the others if possible.  
 
This type of testing is carried out by programmers who optimally would be simultaneously 
writing application code and the code which tests that code. The goal of unit testing is to 
show that the individual parts are correct and isolate each part of the program. It provides a 
written contract that the piece must satisfy [17]. 
 

3.4.2 Integration testing 
 
Integration testing is when individual software modules are combined and tested as a group.  
The inputs to the integration testing are modules that have been checked out by unit testing, 
groups them in larger aggregates, applies tests defined in an integration test plan to those 
aggregates, and delivers as its output the integrated system ready for system testing. 
System testing is the phase of software testing in which the complete system is tested [16]. 
 

3.4.3 Regression testing 
 

Regression means to step backward. When software changes are made that breaks stuff 
that used to work, it is considered to regress. Regression is the opposite of progress. 
Regression testing is largely the process of making sure that things which once worked 
have not been broken. Typically regression bugs occur as an unintended consequence of 
program changes. Common methods of regression testing are re-running previously run 
tests and checking whether previously-fixed faults have reemerged. [16]  
 
Usually this is in the context of a past software issue which has been fixed; a regression test 
would be created to make sure that the fix does not become “unfixed” in future versions of 
the software. A large number regression tests form a sort of safety net to ensure that things 
continue to function in the applications the way the tester and the user wants to [17]. 
 

3.4.4 Load testing 
 
Load testing consists of simulating real-life workload conditions for the application under 
test. It helps you determine various characteristics of the application working under 
massive workload. You can perform your test several times with a different number of 
users working concurrently to find out how various parts of the application react to the 
increasing load. 
Sometimes, the load placed on the system is accelerated beyond normal usage patterns, in 
order to test the system's response at peak loads [17]. 
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3.4.5 Performance testing 
 
In software engineering, performance testing is testing that is performed to determine how 
fast some aspect of a system performs under a particular workload. Performance testing can 
serve different purposes. It can compare two systems to find out which of those who 
performs better. Or it can measure what parts of the system or workload cause the system to 
perform badly. It can demonstrate that the system meets some predefined performance 
criteria [16].  
 

3.4.6 Stress testing 
 
Stress testing is a phase in software testing which is used to determine the stability of a 
given system or entity. It often involves testing something beyond its normal operational 
capacity in order to observe the results. For example, a web server may be stress tested 
using scripts, bots and various denials of service tools [16]. 

3.4.7 Installation testing 
 
In software engineering, installation testing can simply be defined as any testing that occurs 
outside of the development environment. Such testing will frequently occur on the 
computer system  the software product will eventually be installed on [16]. 
 

3.4.8 Usability testing 
 
Usability testing is a means for measuring how well people can actually use something 
(such as a web page, a computer interface or a device) for its intended purpose. If users, or 
test subjects, have difficulty understanding instructions, manipulating parts, or interpreting 
feedback, then the developers must go back to the drawing board, improve the design, and 
test it again [16]. 
 
Developers are not expected to explain their product to the user during usability testing, or 
argue about its merits. What the developers want is to observe how the users use their 
product in an realistic situation as possible, so as to discover errors and possible areas of 
improvement. A common mistake that some designers make, for instance, is to focus too 
much on creating designs that look "cool", but compromise on usability and functionality. 
This is often caused by pressure from the people in charge; forcing designers to develop 
systems based on market expectations instead of users’ needs. But we can not forget that 
designers' primary function is not only make things look cool, but also make things work 
with people [16]. 
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3.4.9 User acceptance test 
 
One of the final stages of a software testing is user acceptance testing and will often be 
performed before a new system is accepted by the customer. Users of the system will be 
actively involved in the test procedure and the tests may be based on the user requirements 
specification, which the system should conform to. A formal test plan will be drawn up and 
a range of severity levels devised, usually from simple problems ( spelling mistakes, 
cosmetic problems) right through to major problems like the software crashing etc. Results 
of such a test procedure will allow both the customers and the developers to be confident 
that the system will work [16].  
 

3.5 Related work 
 
The section below describes an event simulator that has been designed for the visualisation, 
scalability testing and evaluation of location-aware event-driven middleware and 
applications. 
 

3.5.1 A Generic Location Event Simulator 
 
Hybrid systems are dynamical processes that are heterogeneous in nature, having 
continuous parts, governed by differential or difference equations, and by discrete parts, 
described by finite state machines and automata, if-then-else rules, propositional and 
temporal logic.  
 
The Generic Location Event Simulator (GLS) is based on a process-oriented hybrid 
simulation model of locatables’ behaviour in terms of physical movement as well as 
stoppages at queues, combining a continuous mechanics model, a discrete-event queuing 
model, a sensor model, and a few other supporting physics models [18]. 
 
Each locatable has a mostly continuous behaviour until an event occurs suddenly changing 
its state (say in velocity or position) at discrete time steps. The basic ideas for simulation 
and queuing theory, such as having a central scheduler and queue arraylist, are common 
across all object-oriented discrete-event queuing simulators. The traffic simulation part of 
the system (the computer simulation of traffic engineering models) can be classified in to 
microscopic (vehicle-vehicle interactions), mesoscopic and macroscopic (a continuous 
flow, for traffic flow analysis) categories [18]. 
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  Figure 3.13 - Architecture of QoSDReAM GLS 

 

3.5.2 GLS Archtitecture 
 
GLS has a central State Transition Controller which sets the initial positions of all the 
locatables, assigns tasks to them when their current task has just been completed, and 
manages the state transitions between the mechanics and queuing models. The Global 
Clock ensures all processes are running the same time-step, thus governing the overall 
frequency and consistent global ordering of events being generated, an important 
consideration when the simulator’s threads need to be distributed for scalability reasons.  
 
The Mechanics and Queuing Models help define the behaviour of the locatables, the Sensor 
and Environment/Error Models simulate the unique and dynamically changing physics 
present in the room, and the World Model is a model of the building’s geometry [18]. 
 
Once all the models are defined, and GLS is run, the locatables enter and exit the world via 
the Mechanics or Queuing Model. In the examples implemented, they enter with a certain 
inter-arrival rate, and exit after a certain period of time, or when certain tasks have been 
completed [18]. 
 

3.5.3 Operation 
 
Once all the models are defined, and GLS is run, the locatables enter and exit the world via 
the Mechanics or Queuing Model. In the examples implemented, they enter with a certain 
inter-arrival rate, and exit after a certain period of time, or when certain tasks have been 
completed. At the bottom left-hand corner of Fig.3.8, the locatables enter the simulation’s 
queue1 via the State Transition Controller, at times governed by a set inter-arrival rate. 
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After waiting in the queue and being served (governed by the queue length and a set 
maximum serving rate), they exit the Queuing Model and enter the Mechanics Model, 
again via the State Transition Controller.  
 
In this model, they move around the World Model avoiding collisions, either at random or 
governed by their set tasks, defined in their behaviour modules (such as go to shops area, 
browse around this area for 60 seconds, enter the nearest shop, wait there for 30 seconds,). 
Finally at a specified time they move towards that locatable’s departure gate, entering 
Queues 2&3, at the top right-hand corner of Fig.3.14. This is another set of state transitions, 
controlled by the State Transition Controller [18.] 
 

 

 

 

 

 

 

 
Fig 3.14 - A screenshot of an example simulation run of the simple airport demo 

 

3.5.4 Pluggable Models 
 
Genericity and pluggability are the most important requirements for this software. GLS 
runs as a stand-alone program, so it is very easy to forward location events, to any 
middleware that needs to be tested, from a completely pluggable sensor layer. Its generic 
queuing model has pluggable statistical distributions to allow for more complex, 
customisable inter-arrival behaviour, and its generic mechanics model has pluggable 
equations to allow for realistic high-level movement-based behaviours of any locatable, so 
it is possible to extend it to model vehicles moving outdoors [18].  
 
GLS generates events, and is intended for use with any middleware that will perform the 
appropriate calculations on those events. There is a need for a clear world model, to make it 
easier for application programmers to build worlds (such as an airport, railway station, etc), 
by simply specifying room geometry, centre-of-door locations etc, that use GLS to generate 
locatables in that world. 
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Simple behaviours are composed into more complex composite behaviours (that can 
include behaviour based on position, time, locatatorId, locator type, etc), and one of these, 
including all its state information about time etc, can be assigned to a locatable, or to a set 
of locatables based on their defined role, as their current task. 
 
It also exist a basic collision avoidance algorithm underneath all the behaviours, as we 
assume all locatables will always try to avoid colliding with each other. The algorithm 
makes changes to the velocity based on differential equations for realistically feasible 
motion of any generic locatable, with an exponentially increasing slow-down as the 
locatable gets nearer the obstacle [18]. 
 
 
 
 

plug-in 

LBS system 

The GLS 

LBS system 

The simulated platform  
 
 
 
 position events 
 
 
 
 
 

Figure 3.15 – Similarities between the simulated platform and the GLS 
 

 
The main purpose of the simulated platform is simply just to generate position events (gps) 
to the LBS system that needs to be tested. This could also be used from the GLS. The GLS 
is a pluggable stand alone program, means it very easy to forward location events, to any 
middleware that needs to be tested. So it should certainly be possible to adopt a plug-in to 
use against the LBS system. The only thing that is desirable is to forward the position from 
the GLS to the LBS system, that should not be that hard. As said in the text earlier it should 
be possible to model vehicles moving outdoors, allow for realistic high-level movement-
based behaviours of any locatable.  
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4 Evaluation 
 
This chapter describes how the bouncer and simulated platform are implemented. Some 
description of how the XML schema that is used between the two platforms is also 
presented. Finally it describes the tests made on Followit’s platform in order to find its 
SMS limitation and some scalability investigation. 

4.1 Bouncer 
 
The first thing to do was to study how XML worked, so a test program that created a XML 
document and parsed some data from it was implemented. After that some study of how the 
XML schema looked like, the one that was supposed to use between Followit’s platform 
and Vodafone’s platform. 
  
Then the implementation of the bouncer started. To simplify a little bit, the bouncer can be 
split up in two parts. One part that processes data from the web server and creates the XML 
schema and sends it to Vodafone’s server and one part that parses data from Vodafone and 
inserts it into databases. 
 
The main demands on the bouncer are: 
 

• Send/receive in real time i.e. the messages would not be put in a queue and handled 
later, it would instead be processed immediately  

• Log every packet leaving/entering the bouncer 
• Work fine during hard conditions i.e. 80-100 SMS per minute 
• Work fine with a standard computer, 512 MB of RAM, 3.0 GHz processor 
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4.2 The simulated platform 
 
As said before the purpose of the platform is to simulate a real environment, in this case the 
simulated platform will have similar behavior as the RedBox platform. This is because the 
interface in the bouncer will work against the simulated platform and the Redbox platform. 
 
When the simulated platform is set up, it is possible to see if the communication between 
them works. If it does, then hopefully it will for work for real against the Redbox platform. 
 
 

 

  

                

  

 

 

SOAP Simulated platform 

Web server 

GIS DB 

Bouncer 
XML 

Figure 4.1 –The simulated platform 

 

Followit platform 

 
The behavior on the simulated platform should be: 
 

• Parse the XML message and retrieve the SMS  
• Push the SMS in a queue  
• Pop the SMS from a queue 
• Check in a simulated locator class what’s asked for and send it back to the bouncer. 

 
It is also possible to generate user defined positions from the simulated platform. This can 
be very useful when correcting/looking for bugs in the software or when a position wants to 
be tested that resides in an area that is hard to get. 
 
The most efficient way would not be to put messages in a queue, but handle them instantly. 
Because the SMSC (Short Message Service Central) works like a queue, it was necessary to 
implement one. The queue is of the type FIFO (First in First Out), and as the name 
describes the oldest message in the queue will be processed first. 
 
Another thing is that when the testing was done, not to affect Followit’s sharp database a 
temporary database was created. 
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4.3 Using XML in the Redbox architecture 
 
In the Spanish document that I received from Vodafone Spain about their architecture, the 
XML schema was described. Below it is possible to see what the XML schema looks like. 
A short description of what the tags stands for, will be presented. SOAP was introduced in 
section 2.7, now the elements (envelope, header, body and fault) that belonged to a SOAP 
message will be used. 
 

4.3.1 Outgoing XML Schema from Followit 
 
This is what the XML schema looks like when sending data from Followit’s platform to 
Vodafone Spain. All attributes must not be set to a value, some are mandatory others 
optional. The mandatory fields in the outgoing XML schema are all the header tags and 
destAdress, subServiceId and messageBody in the body tags. All the others are optional 
and must not be set. 
 
 
<?xml version="1.0"?> 
<Envelope> <!-- defines the SOAP message--> 
<Header> 
<VODHeader> 

<commandId>ServiceDelivery</commandId> <!-- type of operation--> 
<authentication>  <!-- authentication against Vodafone --> 

<username>it’s me</username> 
<password>it’s a secret</password> 

</authentication> 
<service> 

<serviceID>123</serviceID> <!-- determined by Vodafone--> 
<serviceType>SMS</serviceType> 

</service> 
</VODHeader> 
</Header> 
<Body> 
<VODBody version="1.0"> 

<contextID/> 
<destAddress>607123456</destAddress> <!-- the locators phone number--> 
<subServiceId>8888</subServiceId> 
<bodyIsText>true</bodyIsText> <!-- true = text message, false = binary message--> 
<messageBody>Hello world</messageBody> <!-- the SMS message--> 
<deliveryReport>false</deliveryReport> <!-- if you want delivery confirmation--> 
<priorityFlag>3</priorityFlag> <!-- message priority, highest = 3  
<validityPeriod>2003-11-25T10:51:15</validityPeriod> 
<dataCodingScheme>1</dataCodingScheme> <!-- codingscheme to use(table exist)--> 
<sourceTON>5</sourceTON> <!-- sourceTypeOfNumber (table exist)--> 
<destTON>1</destTON> <!-- (table exist) <!-- 
<sourceNPI>18</sourceNPI> <!-- sourceNumberPlanIndicator (table existl)--> 
<destNPI>3</destNPI> <!-- (table exist)--> 
<esmClass>5</esmClass> <!-- (table exist)--> 
<protocolId>1</protocolId> <!-- (table exist)--> 
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<scheduleDeliveryTime>2004-12-25T10:51:15</scheduleDeliveryTime> 
</VODBody> 
</Body> 
</Envelope> 
 

4.3.2 Incoming XML Schema to Followit 
 
When Vodafone sends a message to Followit’s platform, the XML schema looks like this. 
The mandatory fields in the header are serviceId and serviceType. In the body it is 
contextId, sourceAdress and subServiceId. 
 
<?xml version="1.0" encoding="ISO-8859-1" standalone="no"?> 
<Envelope> 
<Header> 
<VODHeader> 

<authentication> <!-- authentication against our server--> 
<username>aUser</username> 
<password>aPwd</password> 

</authentication> 
<service> 

<serviceId>111<serviceId\> 
<serviceType>SMS</serviceType> 

</service> 
</VODHeader> 
</Header> 
<Body> 
<VODBody version="1.0"> 

<contextID>1069772272-79431978770</contextID> <!-- generated by Vodafone--> 
<sourceAddress>607123456</sourceAddress> <!-- the locators phone number--> 
<destAddress>8888</destAddress> <!-- our short number, that identifies followit--> 
<subServiceId>000089515</subServiceId> 
<messageBody>Hello world</messageBody> <!-- the SMS message  
<deliveryReportStatus>DELIVERY_SUCCESS</deliveryReportStatus> success/faliure 
<dataCodingScheme>0</dataCodingScheme> <!-- (table exist)--> 
<sourceTON>1</sourceTON> <!-- (table exist)--> 
<sourceNPI>1</sourceNPI> <!-- (table exist)--> 

</VODBody> 
</Body> 
</Envelope> 
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4.3.3 ACK 
 
An ACK is a notification that the receiver got the XML message. Both sides use the same 
XML schema when sending ACK. The mandatory fields here are commandId and 
contextId. 
 
<?xml version="1.0" encoding="UTF-8"?> 
</Envelope> 
<Header> 

<VODHeader> 
<commandId>ACK</commandId> <!-- type of operation--> 

</VODHeader> 
</Header> 
<Body> 
< VODBody version="1.0"> 

<contextID>C123456789</contextID> 
</VODBody> 

<Fault> 
<faultcode>993 </faultcode> <!-- type of fault--> 
<faultstring>Networking Error: Network Send failed</faultstring> <!-- describes the fault  
<faultactor /> 
<detail /> 

</Fault> 
</Body> 
</Envelope> 
 
Here is the last tag element that could belong to a SOAP message, the fault tag. The fault 
tag is optional, only if something went wrong during the transmission of data the fault tags 
are used. Some examples of possible faults are: 
 

• Incorrect number of body elements in request 
• Networking error : Provider send error 
• Message Validation Error: Bad login/password 
• Message Validation Error: Bad IP address 
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4.4 Finding the systems limitation 
 
A few tests on the bandwidth utilization have been done to see how much is used and also 
to find the systems limitation regarding how many SMS it can handle. How many SMS per 
minute is run through the system during a hard utilization? According to my supervisor at 
Followit, maybe 80-100 SMS during 1 minute could be considered hard. The time it takes 
to send and receive an SMS from the locator takes approximately 20-30 seconds. All the 
diagrams must be viewed from the Followit’s side. A program called NetLimiter is used to 
retrieve the bandwidth between Followit’s platform and the simulated one [13].   
  
Upload is when the Followit’s platform sends data to the simulated platform and downloads 
when the simulated platform sends data to the Followit platform. The download and upload 
is about the same size in this first experiment, see figure 4.2. The system seemed to work 
just fine, nothing to complain about. Then the number of SMS per minute was then 
increased to 150, see figure 4.3. It worked but the program was heaving a hard time 
because it was a little bit lagging. 
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Figure 4.2 – 80 SMS/minute 
 
By increasing the numbers of SMS per minute one by one, it was clear that 164 SMS per 
minute was the last one to work, At 165 SMS per minute the program did not work, well 
just for a very short time then the program locked itself. Then when looking into the logger 
file a fault message appeared, ”general SQL error”. 
.   
     
The conclusion is that it went to fast for the bouncer; it could not handle all the fast traffic. 
Some collisions must have been made when inserting data to the databases. When looking 
into the databases only the first 10 rows are filled with data. 
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Hopefully will the system never experience this high kind of traffic. Because locators are 
not usually used to send SMS repeatedly to the user, besides when something happens, like 
a car moves or truck misses a hold station etc. That is why it is very unlikely for this to 
happen, but sure it is possible. 
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Figure 4.3 – 150 SMS/minute 
 

CPU usage sending SMS
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Another thing is that is important when testing, is a quit good computer i.e. high processor 
power and a plenty of memory to 
process these messages. When 
sending 80 messages per minute the 
computers CPU (Central Processing 
Unit) usages were 100 percent! This 
was on a 1.0 GHz and with 384 MB 
of RAM. Switching to 3.0 GHz 
with 512 MB of RAM the CPU 
usage was about 60 percent. In 
figure 4.4 the CPU usage are 
depicted from looking into 
windows system manager. When 
sending 150 SMS/minute the CPU 
usage is about 75 percent and about 

80 percent sending 164 SMS/minute. 
So a decent computer must be used to 
process all these SMS.  

Figure 4.4 – CPU usage sending SMS 

 
Simulated platform Computer: 512 MB of RAM, 2.0 GHz Pentium 4, Windows XP 
Followit’s Computer: 512 MB of RAM, 3.0 GHz Pentium 4, Windows XP 

Luleå University of Technology 
 

-40-



 A Platform for Testing and Evaluating Location Based Services 
 

 

4.5 System scalability 
 
During implementation and design of the bouncer, an interesting thought hit me, why do 
not make a shell in the bouncer that can be used to all kinds of different operators?  
 
Followit has done a few projects against other operators. But every time Followit are doing 
a new project against an operator the bouncer must be rebuild from scratch almost. This is 
illustrated in figure 4.5. 
 

Operators Bouncer 

 
 
 
 
 
 
 
 

Figure 4.5 – Present bouncer 
 
 
It should maybe be possible to build some kind of general shell that fits all kinds of 
operators, see figure 4.6. Then the next person that implements an interface against an 
operator just can do a small implementation in the bouncer, instead of rewriting it all. This 
would save time and money for the company. 
 
For example, sometimes the messages are handled instantly and sometimes they have been 
put in a queue. What I want is some structure of the bouncer, and some kind of shell would 
maybe do it. There have been done four interfaces against different operators in the 
bouncer. All the interfaces are quit different but they all do about the same thing. It should 
not be like this. 
 
 

Operators  
Shell 
 

Bouncer 

 
 
 
 
 
 
 
 
 
 

Figure 4.6 – Future bouncer 
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5 Discussion 
 
As we increased the speed of SMS we found in section 4.4 that at 164 SMS per minute was 
the maximum numbers of SMS the system could handle. Everything more then that was 
just too much. It seemed like the SQL server was the bottleneck in the system, it could not 
handle all the high traffic. One possible way to solve this could be to try using another SQL 
database, save the existing data, delete it and create a new one perhaps. Another possible 
solution would be to put the messages in a FIFO queue and handle them one by one. But it 
would slow down the system, if not the users access the system one by one. But the odds 
are not big for that to happen. 
 
The system will hopefully never experience this kind of load. As said in section 4.4, 
locators are not usually used to send SMS repeatedly to the users, besides when something 
happens, like a car gets stolen or truck misses a hold station etc. That is why it is very 
unlikely for this to happen, but sure it is possible. 

I have not been able to test this experiment for real against the Redbox platform, because it 
will not be in function until the end of autumn 2005. But I think that the tests with the 
simulated platform will reflect reality. It will be interesting to see how the communication 
between the two platforms works when the Redbox platform opens.  

It was originally thought to open the platform in spring 2005. But a new contract had to be 
written with more directions because of the train bombs that occurred in March 2005 in 
Madrid. The bombs were set off using SMS, so Vodafone is very careful with everything 
that has the word SMS involved. 

I have no scientific evidence that Followit’s system was scalable. Due to time aspects no 
further deep in this subject has been made. But it should be possible to create a general 
shell to get some more structure on it. Not needing to start from almost scratch all the time, 
when creating a new interface against an operator would save time and money. 
 
So did Followit’s system have any limitations concerning how many SMS objects it could 
handle? Yes it did, the system was supposed to handle about 80 SMS per minute, during 
what was considered a hard condition. It worked just fine, nothing to complain about. Then 
we saw that 164 SMS per minute was the last one to work. 
 
So could things have been done different? Yes, of course there is always more then one 
solution to a problem. The current solution is probably not the perfect one, but it works 
very well. The time frame extends while doing business with a foreign country, everything 
takes much longer time then expected. In Spain everything takes such a long time. But I’m 
pleased with how everything turned out. 
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Regarding the simulated platform we have seen the theory about how it should work and 
also what components that are needed to build one. A user interface has been made to show 
in a more visualizing way the idea of its operations. 
 
The components that are necessary to create one are the following ones: 
 

• Mobility pattern generator (MPG), the core in the platform. 
• The patterns to use (user defined, random and deterministic). 
• A logger that presents everything that happens. 
• To be able to set off the time interval when sending next position, a timer is needed. 
• A map database. 

 
If the user does not have any locator similar device to assemble on vehicles, the map 
database can not be filled with positions i.e. the deterministic pattern can not be used. Well 
off course it is possible to insert manual positions in the map database, but that is not 
recommended. It would destroy the meaning with having the deterministic pattern. Instead 
the other patterns can be used. The user defined and random pattern can always be used 
without any background data. 
 
 
5.1 Future work 
 
There are two more things to be done: 
 

• The user interface on Followit’s web server must be rewritten to Spanish for the 
Spanish users of the system. 

• A counter must also be implemented in the web server so that the Spanish users will 
see how many SMS they have left to use. 
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Appendix A 
 

Bouncer design 
 

Figure A.1 – Bouncer design 
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Appendix B  
 

Simulated platform design 
 
 
 
 
 

 

Figure B.1 – Simulated platform design 
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