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Abstract 
 
 
The growing market of mobile services through SMS, MMS, WAP and soon also for 
3G protocols, requires efficient test methods to ensure that the customers get what 
they are paying for and in a reasonable time. Preferably, these tests should be done 
automatically and come as close to real conditions as possible. It would be valuable to 
be able to make tests from end to end, i.e. requesting and receiving the mobile 
services on a real mobile phone and combine that with a system that controls and 
evaluates the tests. 
 This thesis presents a solution to how the part of an end-to-end monitoring 
system for mobile services that runs on a mobile phone can be designed and 
implemented. The phone is made to interpret commands from a control process on a 
remote server and turn them into mobile service requests in a proper format (e.g. SMS 
or MMS). When it receives the reply from a mobile service provider, it forwards the 
relevant result information to the control process. 

The monitoring system is based on Symbian OS, an operating system 
developed to suit handheld devices like mobile phones. The current implementation 
supports tests for SMS and MMS services. 

The system is to be used by mobile operators or other providers of mobile 
services, which want to test and monitor their services. 
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1 Introduction 

 

1.1 About the thesis 

The project was carried out at Teleca Solutions Italia S.p.A., Milan, Italy, during the 
fall of 2002. The aim was to obtain a product to be used by mobile operators in Italy 
for monitoring mobile services. 

The report was written at the Image Coding Group, Department of Electrical 
Engineering at Linköping University. 
 

1.2 Background 

The constantly growing market of mobile telephony has not only led to an easier way 
for people to keep in touch, but also to a new way of retrieving information. To meet 
the needs of all types of customers, a large number of mobile services has reached the 
market.  

While the cell phone means business for some people, it means pleasure for 
others and many times it is used for both. As a result of this we can see such diverse 
mobile services as the providing of stock information, train timetables, ringing tones, 
horoscopes, jokes and much more, based on different technologies and protocols, such 
as SMS, MMS and WAP (see section 1.7, “Vocabulary”). Services can be provided 
by mobile operators but there are also many other companies and organizations that 
offer it.  

It is of course necessary to make sure that the services work and that the 
customer actually gets what he or she has asked and paid for in a reasonable time. For 
example a person asking at what time the next bus leaves wouldn’t want to risk 
missing it because the answer takes too long to arrive. In order to minimize the 
probability of such a thing happening and discovering flaws in the system as soon as 
possible after they arise, it is crucial to continuously make tests. 

At present, these tests are made manually, by people sending requests and 
waiting for the answer to arrive. Making the tests like this is of course an expensive 
way of controlling the system and the idea occurs that there might be a way of 
automizing the process. This is what I have been looking at in this master’s thesis 
project and will discuss further on in this report. 
  

1.3 Goals 

Ideally a solution should provide the possibility to have so called end-to-end 
monitoring, which means performing tests and receiving the results on an actual 
mobile phone, just like in real life. 
 The conditions in mobile networks can differ a lot from place to place. 
Operators buying the product are most likely to be interested in testing how the 
system works in several places in the country, but coordination of tests should be 
centralized. The solution to this is to let special test phones connect themselves to a 
server where a control process can give commands for the tests that have to be 
performed. It is the control process together with the mobile phone that constitutes the 
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monitoring system. An operator or other service provider that buys the monitoring 
system from Teleca will typically get the control process and a desired number of 
licenses to the mobile phone application. 
 The goal of this project was to design and implement the part of the 
monitoring system that runs on the mobile phone. The additional software needed 
should manage to connect to the server, interpret the received commands, carry out 
the tests, receive requested information and finally send the test results to the control 
process. The solution was supposed to be object oriented and modular, with the 
possibility to easily add functionality for tests with other technologies and protocols. 
The initial goal was to implement functionality for tests at least for SMS and WAP. 
However, the WAP part was soon given lower priority due to lack of time. Energy 
was instead put on the MMS module, which was faster to design and implement due 
to its similarities with SMS. In this report, modules that perform tests towards a 
service provider, or another test phone for that matter, are referred to as service 
modules. 
  

1.4 System 

The system developed during the project was named Atlas. It was based on the 
operating system Symbian OS v6.1 (see chapter 2, “Symbian OS”). Already from the 
beginning it was destined to run on the mobile phone Nokia 7650, since this was the 
only available Symbian OS phone when the project started. It will be possible to use it 
also on future Symbian OS phones, subject to any smaller adaptations. 
 The control process, Atlantis, was written in Perl and installed on a RedHat 
Linux server with a public IP address. Communication between Atlas and Atlantis is 
based on ASCII character messages. 
 The mobile phone can only be connected to one control process at a time, but 
several phones can be connected to the same control process simultaneously. Every 
Atlas application knows two server addresses in order to enable connection to a 
backup control process if the first try fails. Connection between Atlantis and Atlas is 
based on the TCP/IP protocol. The mobile phone reaches the control process through 
the GPRS network. More about this in section 4.1, “Data bearer”. The tests require 
connection to GSM or GPRS network. 
 To summarize, Atlas is the part of the monitoring system that runs on the 
mobile phone. You can see it as an interpreter. In one direction it translates test 
commands from the control process to become test messages in the SMS or MMS 
format. In the other direction it translates the received SMS or MMS messages into 
results to send to the control process, Atlantis. For an overview of the entire 
monitoring system, see figure 1. 
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Figure 1.  An overview of the monitoring system 
 

1.5 Test types 

There are basically two types of tests performed by Atlas, independently of service 
module: 
 

• Service tests. When Atlas sends request for information from service provider. 
This can be requesting news, horoscopes, timetables and more.  

 
• Ping tests. When one Atlas device sends a message to another test phone and 

awaits the answer. These tests are done to see how long it takes for a sent 
message in specific format (SMS, MMS etc.) to arrive to its recipient.  

 
In this report the expression “service provider” is often used to refer to the part that 
receives the testing request, independently of whether it is really a service provider or 
another Atlas device. 
 

1.6 A mobile service example 

Let us have a look at an example of a service that could be tested by this monitoring 
system consisting of Atlas and Atlantis. 

The imaginary mobile operator Dolce Vita Mobile has a mobile service called 
“What’s up?” where they have gathered information about events in major cities in 
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Sweden. The service can be compared to looking at the last pages in a local 
newspaper, where it is possible to see advertises of what is happening in the area. 
Dolce Vita has classified the events in the categories Cinema, Theatre, Sport, Fairs, 
Art and Other.  

The service is SMS based. A customer can send an SMS to “What’s up?” and 
ask for information stating three arguments simply separated by the space character. 
These three arguments are city, day and event category. The argument “day” is the 
name of the weekday in English. It is possible to ask for information for up to one 
week ahead.  

“What’s up?” can be reached by any customer in Sweden who has a Swedish 
mobile phone number (GSM). The phone number is 123456. Dolce Vita guarantees 
an answer within five minutes after receiving the requesting SMS. 

 

a)               b)     
 

Figure 2. a) Sending a request for what movies can be seen at what   time 
and in what cinema in Linköping the coming Friday 

b) The answer to the request sent in a) 
 

Dolce Vita wants to use the Atlas/Atlantis monitoring system to supervise the 
”What’s up”, so let us see how these tests are carried out in a very simplified 
description. 
 First of all, the mobile phone with the installed Atlas application has to 
connect to Atlantis, by opening a GPRS connection to Dolce Vita’s GPRS access 
point (see section 4.1, “Data bearer”), where further connection to Atlantis’ IP is 
done. After sending some predefined messages for identifying one another, Atlas and 
Atlantis are ready to make the test. Note that once Atlas is connected to Atlantis, it is 
the latter that decides that “What’s up” should be tested. When it is time, it sends a 
request message (REQ) on a special format, which contains all information Atlas 
needs to be able to perform the test, such as phone number and message text (see 
section 4.3, “Message structure”). There is also a message ID, which is unique for this 
particular test. Atlas translates the information into an SMS, which it sends to the 
phone number 123456. At the same time it creates a so-called result message (RES) to 
Atlantis to inform it that the requesting SMS has been sent and at what time (local 
time for the mobile phone). This message also contains the message ID.  
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After a while, when the reply from “What’s up” arrives, the mobile phone 
creates another message for Atlantis (indication message, IND), containing phone 
number, SMS text and time for the arrival and sends this too to Atlantis. Atlas does 
not know with which message ID the received SMS is associated, so this is left out of 
this message and then it is for Atlantis to compare the IND with several RES 
messages. This means there can only be one test performed on one service at a time. 
Of course, Atlantis holds some sort of timeout mechanism that prevents the 
monitoring system from remaining in wait for an IND that will never arrive. When the 
IND has been associated with the RES message, Atlantis can calculate how long it 
took for the “What’s up” to send a reply after the request. Hopefully it took less than 
five minutes, but if not Atlantis signals for an error. Furthermore, Atlantis has the 
possibility to analyze the text in the SMS “What’s up” has sent. This, however, has no 
general solution, but has to be adapted especially to each service. 
 Dolce Vita knows that errors occur now and then and are curious to find a 
pattern to when and where the problems arise. This is why Atlantis also contains a 
database where test information is stored for future evaluations and statistics. 
 

1.7 Vocabulary 

API Application Program Interface. A set of routines, protocols and 
tools for building software applications.  Gives information 
about what has already been defined in the system. The API 
can be said to be the rules made up by the system developers 
for the application developers. 

CSD Circuit Switched Data 
DLL Dynamically Linked Library. A library of small functions that 

can be called when needed by the executable (.exe) or 
application (.app). In gives the advantage of being able to reuse 
code and not having to rewrite already written functions. 

GPRS General Packet Radio Service. A technology that allows 
sending and receiving information across a mobile telephone 
network. It is not used for voice communication.  

GSM Global System for Mobile Communications 
IDE Integrated Development Environment. A set of tools for 

developing software with the help of a graphical user interface 
(GUI). An IDE typically includes project manager, editor, 
compiler, linker, and debugger. 

IMAP4 Internet Message Access Protocol. A standard protocol for 
receiving e-mail. 

IMEI International Mobile Equipment Identifier.  A serial number 
that identifies the hardware on a mobile phone in a GSM net. 

IP Internet Protocol 
IR InfraRed 
MMS Multimedia Messaging Service. A messaging protocol defined 

within the GSM standard, which allows for uses to send and 
receive messages with formatted text, graphics, animations, 
photos, audio and video clips.  

POP3 Post Office Protocol, version 3. A standard protocol for 
receiving e-mail. 
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SDK Software Development Kit. Includes the necessary components 
such as tools, libraries, headers and documentation for software 
development in an existing environment. 

Service provider Operator or such that offers mobile services based on SMS, 
MMS, WAP etc.  

SMS Short Message System. A text based messaging protocol, 
defined within the GSM standard, which allows for mobile 
phone users to communicate with short text messages.  

SMTP Simple Mail Transfer Protocol. A standard protocol for sending 
e-mail. 

TCP Transmission Control Protocol 
UDP User Datagram Protocol 
WAP Wireless Application Protocol. A protocol for accessing the 

Internet via mobile phones. It requires a mobile phone that 
supports it and a SIM card where the mobile operator has 
enabled WAP services. Only Internet pages formatted in the 
special WAP format can be viewed on the phone. 
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2 Symbian OS 

 
Symbian OS is an operating system developed to suit handheld communication 
devices, where both memory and energy consumption are limited. It was originally an 
initiative by Psion and for many years it was called EPOC. The idea to create an 
operating system of this kind from the ground, instead of shrinking an already existing 
OS, appealed to other device manufacturers and in June 1998 Symbian was finally 
established as an independent company, owned by Ericsson, Nokia and Psion. During 
the years many other companies have become partners, for example Motorola, 
Samsung and Siemens. Symbian is developed in C++. Applications can be written 
either in C++ or in Java. 
 Since Symbian is meant to be used in products from various manufacturers, 
where everything from hardware to functionality differs a lot from one product to an 
other, it has been important to keep it object-oriented and component-based. This 
makes it easy to minimize use of resources, adding only the necessary components to 
a particular phone, digital agenda, game console or other Symbian based device. 
Figure 3 gives a hint of how these components are grouped together. 
 

 
 

Figure 3. Symbian OS v7 architecture (picture provided by Symbian) 
 

2.1 Memory management and two-phase construction 

Because of the limited memory resources in a typical Symbian based device, it has 
been of utmost importance to find a good structure for memory management. In this 
section I will discuss one of the key concepts in this matter, the two-phase 
construction.  
 Two-phase construction is used when an object holds other attributes, which in 
turn need to be created as well. The danger in a system that runs on a device with very 
limited memory is that if the memory runs out when these new attributes are 
allocated, this might lead to memory leaks that are hard to repair. The main object will 
not have been properly constructed and can therefore not be destructed either. The 
attributes created before the crash will then be left in the system as well without ever 
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being destroyed. The procedure of creating the object in two steps helps the system 
avoid memory leaks of this kind. 
 In the first step, we can say that we create the shell of the object. We allocate 
memory for it, but the association of attributes is left out. This shell then gets put on 
the cleanup stack, and while being there, the rest of the attributes get allocated and 
associated.  

In Symbian terms, if a problem arises that will lead an operation to exit in an 
abnormal way, this is called that the function panics. If a “panic” occurs during the 
creation of attributes, the entire main object, with all associated attributes that have 
been created so far, is deleted automatically, thanks to the functionality of the cleanup 
stack. Note that the deletion of an attribute that is a pointer to an object that existed 
before this two-phase construction does not lead to the deletion of that object. 
 Memory management in Symbian OS is a crucial but complicated issue and 
this section hardly touches the surface. More information about construction, panics, 
cleanup stack and more can be found in the developer’s library. An example of two-
phase construction can be found in [DEV3] and in [SE60]. 
 

2.2 Event handling 

Mobile phones should be able to handle several concurrently running applications. A 
common example is that a user who receives a call while writing an SMS should be 
able to answer it. Maybe the person calling is asking for a phone number to a mutual 
friend. The user should then be able to go to the address book and get it during the 
phone call. However, applications currently not in use shouldn’t be occupying 
unnecessary resources. This leads us to the discussion of one of the most popular 
Symbian features – its event management. 
 Event handling in Symbian OS is based on the philosophy of non-preemptive 
multitasking, where all applications run as separate processes. Instead of letting the 
operating system regularly check all processes dependent of the kernel resources and 
see if they are in need of CPU time, the processes themselves signal when they need 
to execute commands. Typically one process corresponds to one thread and within 
each thread there is at most one so-called active scheduler.  
 When an event occurs, this gets registered by the active scheduler, which runs 
the corresponding active object. The active scheduler is responsible for letting its 
active objects make requests to the asynchronous service provider in correct order, 
considering when the event has occurred and what priority it has. The asynchronous 
service provider is where the command gets executed. It is basically the kernel’s 
structure for handling request for system resources. It is not to be confused with the 
mobile service provider that is a corporation that offers mobile services. Figure 4 
illustrates how an event is taken care of in Symbian OS. 
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Figure 4. Illustration of asynchronous event handling 
 
 An example of an active object in Atlas, is the class CMessageReceiver, 
which handles reception of commands from Atlantis over sockets, a functionality that 
of course is asynchronous and should have a high priority. Whenever the socket 
receives some information, it has to start reading and handling it. The active scheduler 
is informed that there is some activity needed for this object and schedules it for a call 
to the asynchronous service provider. When it is time, it notifies 
CMessageReceiver, who can then do what is necessary, which is reading the 
message and forward it to the parts of Atlas that manage received commands. 
 Symbian also supports preemptive multitasking through multi-threading. 
Applications development is better suited to use non-preemptive multitasking with 
active objects. 

For further reading about event management in Symbian, see references 
[NOK] and [SE60]. 
 

2.3 Unique identifiers 

Symbian OS applications are identified by three unique identifiers, UIDs. UID1 is a 
system level identifier, which decides whether the compiled project will result in an 
executable, a DLL etc. UID2 is more specific and tells what group the application 
belongs to within a UID1 type. Finally UID3 is a project identifier. UID1 and UID2 
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are predefined whereas a project UID3 is acquired from Symbian Developer Network 
on request. 
 

2.4 File system operations 

All applications that use files are clients to the server thread “file system”, which all 
file system operations in Symbian OS are dependent on. Whenever an application 
needs access to the file system, it opens a so-called file server session by creating a 
RFs object. This enables actions such as finding a file, renaming it, moving it etc. An 
example of where Atlas uses a file server session is when it loads the service modules, 
see section 5.3, “Loading service modules”. 
 

2.5 Dynamically linked libraries 

There are two types of DLLs in Symbian OS: static interface DLLs and polymorphic 
interface DLLs. Before we get into their particularities, we will have a look at what all 
DLLs have in common.  
 Even though functions and static data in a DLL are all specified in a header 
file (.h), not all of it is accessible to other applications or libraries. To prevent the use 
of parts meant for use only within the DLL, Symbian OS uses the method of 
exporting public functions or data through the system macro EXPORT_C. Whenever a 
function is supposed to be used externally, its definition is proceeded by this macro, 
which makes it become an entry point into the DLL.  
 All libraries released to be used by other DLLs or applications have a list over 
all its entry points in a so-called DEF file, where each exported function is mapped to 
an ordinal. An application compiled to use a certain library has only got knowledge 
about at what ordinal to find a desired function. In order not to let changes in a library 
lead to the need of recompiling every application that uses it, Symbian offers the 
possibility to freeze the library’s interface. This means binding all existing entry 
points to specific ordinals, which are not to be changed for later releases. New 
functions will simply be added at the end of the list of entry points in the DEF file. 
 All libraries, independently of whether they have exported functions or not, 
have to provide a function called E32Dll() which provides an entry point to the DLL. 
The other exported functions are called whenever the client application needs it, but 
this particular function is called only at the time of loading and unloading of the DLL. 
Its primary use is to allocate thread-local storage. 
 The static interface DLL, also called a shared library DLL, can be used 
simultaneously by several applications. The DLL gets loaded into the RAM when an 
executable that uses it is loaded. A counter keeps track of how many applications are 
currently using it and if the counter becomes zero, the DLL is simply unloaded.  
 The polymorphic interface DLL is also called a dynamically loaded DLL. It 
has only one exported function, whose function name is unknown by the client 
application using it. It is accessed through the RLibrary class, which provides a 
handle to the DLL. This makes it possible to load the DLL and to find the unique 
entry point through the Lookup() function. The only exported function is always 
found at ordinal 1 in the DEF file. It creates a derived class of the base class, which is 
associated with the polymorphic interface of the library. An example of where a 
polymorphic interface DLL is used in Atlas is when the service modules are loaded 
into the system (see section 5.3, “Loading service modules”).  
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2.6 Messaging 

Symbian OS has an API called Messaging, which provides some general functionality 
for multi-protocol messaging as well as support for particular messaging protocols in 
the form of so called Message Type Modules, MTMs, which can be described to be 
plug-ins for those protocols.  
 The general part of the messaging API includes an interface called “Send As”, 
which makes it easy for different applications to create messages and send them using 
the desired protocol. It also provides some MTM base classes, common for all MTMs. 
A message server manages incoming and outgoing messages and finally, a registry 
holds a record over installed MTMs and provides classes for MTM identification and 
instantiation.  
 MTMs are based on the fact that the existing messaging protocols share many 
of their characteristics. A message can be dissected into three parts: delivery 
information, content and type. These parts can themselves be further divided into 
smaller and more specific parts. The delivery information typically includes sender, 
receiver and timestamp. The content is the message properties, text and attachments. 
The message type can be how it is transported from sender to receiver, how it can be 
viewed and edited and other interface properties such as icons. Symbian OS has 
MTMs implemented for six different message protocols: POP3, IMAP4, SMTP, SMS, 
MMS and fax.  
 So far, the only MTMs that have been used in Atlas are those concerning 
MMS and SMS. They made it possible to easily integrate sending and receiving 
messages using those protocols into the monitoring system. Section 5.2, “MTM 
engine”, explains how communication between Atlas’ service modules and Symbian’s 
messaging API was built into the application. 
  

2.7 Descriptors 

String handling in Symbian OS differs some from normal C++ by basing it on classes 
called descriptors. There are five types of descriptors: TBuf, TBufC, TPtr, TPtrC and 
HBufC. The tailing letter “C” stands for “constant” and indicates that the contents of 
such a descriptor cannot be changed. The TPtr and TPtrC descriptors does not own 
any data, but points to data allocated somewhere else. TBuf and TBufC have a buffer 
where data is stored and are therefore called buffer descriptors. Except for HBufC, 
which is allocated on the heap, all descriptors are allocated on the stack. Although its 
name ends with “C”, the heap descriptor is possible to change with the help of a TPtr. 
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3 Development tools 

 

3.1 Integrated Development Environment 

The integrated development environment, IDE, used in this project has been 
Microsoft Visual Studio 6.0. It had to be combined with the use of the MS DOS 
command line whenever import, export or creation of applications was done. A big 
problem was the very limited debugging possibilities.  
 Another alternative would have been to wait for Borland to release their 
Borland C++ Mobile Edition with two main advantages. To begin with, it is a fully 
integrated development environment, so there is no need to switch between the IDE 
and other applications such as the DOS command line in the Visual Studio case. 
Secondly, it would offer possibilities to debug the program while it runs on the real 
phone. Luckily the decision was made not to wait for Borland to release the product. 
This would have delayed the project for several months.  
 

3.2 SDKs and emulators 

There are basically two alternatives to Software Development Kits, SDKs, when 
developing systems in Symbian OS. The first one is Quartz, Symbian’s own SDK and 
the other is Nokia’s Series 60 SDK, designated for development for Nokia 7650. Both 
SDKs support development in Microsoft Visual C++ and have their own emulators in 
release as well as in debug version. The latter has included debug information, which 
makes it more apt for debugging. The release version is smaller and more optimized. 
None of the emulators have functionality for telephony, SMS or MMS. Since those 
technologies are used in Atlas, it was known already from the beginning that the real 
phone had to be used already under development, but it was still advantageous to 
make use of an emulator as much as possible. 
 

          
 

Figure 5. Nokia Series 60 emulator and Quartz’ emulator 
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 Since Atlas was meant for Nokia 7650, the natural choice was to use the Nokia 
Series 60 SDK. Unfortunately, even after several days of trying, we were never able 
to make this emulator open sockets and connect to a server through the TCP/IP 
protocol, which was of very high importance for the networking part of the project. 
Judging from the documentation available on Forum Nokia [NOK2], there are a lot of 
developers that are struggling with the same problem, but there are also those who 
have succeeded. This way we knew it was possible, but not how. On top of that, there 
were problems making the menu show when activating a basic test application. After 
these obstacles turned up, it came natural to try the Quartz emulator, which worked 
perfectly together with the computer’s modem and easily connected to the Internet. 
Quartz was then used for a while, but later we went back to using the Series 60 
emulator as long as tests didn’t involve the actual Internet connection. In those cases 
the real mobile phone was used. The reason for going back to the Series 60 emulator 
was that once the Internet connection was tested and shown to work, it seemed more 
appropriate to make further tests on an emulator that was closer to reality. 

A problem with both emulators was the very limited debug possibilities, so in 
the end, using the mobile phone didn’t bring any disadvantages except that it took 
longer to compile and install the program. Considering the fact that the time interval 
we are talking about was no longer than about one minute, the conclusion is that the 
real phone was an optimum tool for testing the project. When Borland releases its IDE 
(see section 3.1) and it will be possible to debug even on the real phone, the advantage 
of using it will be even more remarkable, since this will enable debugging of 
telephony, SMS and MMS.  
   

3.3 PC Suite 

Installation of files and applications, developed on a computer, into the actual mobile 
phone, was done using PC Suite for Nokia 7650 (see [NOK3]). The PC Suite is 
enclosed with the phone and can be described as a collection of programs that can be 
used for transferring and synchronizing data between the phone and a computer. The 
application used for installation is called EPOC Install.  
 

3.4 Design tool 

There are several software design tools to choose from when developing an object-
oriented application. Several of these were taken into consideration when the project 
started. Finally the choice fell on Together v6.0.1.from TogetherSoft. Not only did it 
have the type of license that suited Teleca best, but it also offered reverse engineering, 
i.e. updating of class diagrams after changes in the code.  
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4 Communication between Atlas and Atlantis 

InternetInternet

Firewall

Control process

Radio Access Network + 
Core Network

Radio Access Network + 
Core Network

Monitor Monitor

 

Atlantis

Atlas Atlas 

Figure 6. Connection between mobile phone and control process 
 
The first part of the system that was designed and developed was the networking part, 
i.e. where the mobile phone is made to connect with the control process via GPRS to 
an IP address and receive commands. This part involves both sending and receiving 
information over sockets, for when results are transmitted, and requests are received 
respectively. 
 Very simplified we can say that the communication between Atlas and 
Atlantis consists of three blocks. It is the management block, the sending block and 
the receiving block (see figure 7). 
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Radio Access 
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Figure 7. Structure of Atlas communication with radio access network 
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Connection to the server is done over the TCP/IP protocol. Suggestions have 

been made to let the connection part be module based, to enable server connection 
through different technologies such as TCP, UDP, Bluetooth and IR. 
 

4.1 Data bearer 

Whenever a mobile phone is used for communication that lies beyond conventional 
telephony, the information goes over a data bearer. In today’s mobile networks, the 
data bearer can be of three kinds. Most commonly known is probably GPRS, which 
has a maximum capacity of 171.2 kbps. The other two data bearers are Circuit 
Switched Data, CSD, and High Speed CSD, HSCSD, with maximum speeds of 9.6 
kbps and 57.6 kbps respectively. In this project, the only data bearer that has been 
used for connection to Atlantis is GPRS.   
 GPRS is packet based, which means that the transferred information is divided 
into small packages that may take different routes over the network before it arrives to 
a common end point. Circuit switching, on the other hand, means that all information 
takes the same route after connection has been established between sender and 
receiver. 
 Not all mobile phones support GPRS, but more complex phones released in 
2000 or later usually do and the Nokia 7650 is no exception. It is also necessary to 
have a SIM card that has been enabled for GPRS communication by the mobile 
operator.  
 When connecting to an IP address over GPRS, the phone first has to connect 
to an access point provided by the mobile operator. The access point is the interface 
between the GPRS network and an external packet data network, such as the Internet. 
Whenever a user wants to connect to an IP address, he or she first has to connect to 
the access point, which then opens a connection to the desired destination network. 
This primary connection needs no phone number in the traditional sense. Instead, the 
access point is addressed by the access point name, APN. The APN typically looks 
like “web.dolcevita.com”. There are different access points for sending MMS 
messages, accessing WAP pages and as in the case of Atlas connection to Atlantis, 
Internet connections. 
 For more information about GPRS, see [GPRS]. 
 

4.2 TCP/IP connection 

Communication over the TCP/IP protocol in Symbian OS is a very straightforward 
procedure for developers with previous experience from network programming on 
other platforms. There are several application program interfaces, APIs, most 
importantly the TCP/IP and Sockets Client APIs, that provide important classes for 
connection as well as for sending and receiving information (see [DEV1] and 
[DEV2]). 
 As mentioned earlier, a later version of Atlas will also include the possibility 
to connect to the server through the UDP protocol. The reason TCP was implemented 
primarily is that UDP doesn’t guarantee that messages reach the recipient. Lost 
packets will remain lost. No acknowledgements of received packets is done and hence 
no retransmission either. The reliability loss UDP brings might however be 
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compensated for by requiring less bandwidth. For our system, it seems to be more 
important to make sure test results arrive than to save bandwidth or increase speed. 
 

4.3 Message structure 

There are two types of messages sent between mobile phone and control process: 
 

• Control messages, represent information about the relationship between phone 
and control process, mainly regarding connection status 

 
• Module messages, containing information about the specific tests, both 

requests and results 
 
All messages have the following structure: 
 
MODULE.MESSAGETYPE\001ARG1\001ARG2\001...\001ARGn 
 
Message type and service module are always specified, though the latter sometimes 
can be NULL. In the case of a control message the service module is simply left out 
and the message begins with “.MESSAGETYPE...”. For module messages, the 
message type defines what kind of test has been either requested or performed. For 
control messages the message type can specify, for example, that the last module 
message has been sent or that the message is a connection request. For some examples 
of message types, see table 1. 
 Messages can have a variable number of arguments. These are separated by 
“\001”. This separator has been chosen to minimize the probability of using a 
character that can be found later in the message text and that way give rise to errors in 
interpreting the message. It is the numeric representation of the key press Ctrl-A, 
“Start of Header”, in the ASCII character set. 
 Usually, the first argument is the request ID. This is a unique identifier for the 
specific test, used to associate ping requests with results and requests to service 
providers with the confirmation to Atlantis that the test has been carried out. The 
confirmation is not to be mistaken for the actual resulting message from the service 
provider, which is the exception that lacks a request ID. 
 The mobile phone is recognized by the Atlas ID, which is equal to the 
International Mobile Equipment Identifier, IMEI, a 15-digit number that identifies the 
hardware. Unfortunately Symbian OS v6.1 doesn’t offer the possibility to retrieve the 
phone number that is associated with the SIM card. 
 It is possible that the message structure will change sometime in the near 
future. Although we have tried to come up with a solution that minimizes the risk of 
misinterpretation of where an argument starts and ends, there is still a possibility of 
errors that could be further decreased. At present, it is not possible to send binary data 
between Atlas and Atlantis, which for example means that it is impossible to transmit 
images for MMS tests from one of them to the other. 
 Messages had to be stored in suitable descriptors. The definition of a suitable 
descriptor changed a lot between the different parts of the system. Some of them had 
to support modifications and some had to make sure the information remained 
constant. As a consequence, incoming messages are stored in pointer descriptors and 
outgoing messages in heap descriptors. During the project, a huge amount of time was 
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spent trying to understand the behavior of descriptors and to figure out which types of 
descriptors suited which parts of the system. 
 

 Message type Meaning 
CONNECTREQ Request from Atlas to connect to control 

process. Message arguments are Atlas ID 
and enabled modules. 

CONNECTRES Message from Atlantis to Atlas telling 
that connection request has been 
accepted. 

LASTMESS Atlantis has sent its last test request.  

 

Control 
messages 

NOMOREMESSAGES Atlas has sent all test results in queue and 
is ready for new requests. 

SENDREQ Command from Atlantis to Atlas that the 
latter should request service from 
provider. 

SENDRES Message from Atlas to Atlantis. Indicates 
either that a request has been sent to a 
service provider or that there has been an 
error and that the test has not been 
carried out. 

PINGREQ Command from Atlantis to Atlas that the 
latter should perform a ping test. 

PINGRES Message from Atlas to Atlantis. Result 
from ping test. 

 

Module 
messages 

MSGIND Reply from service provider. Atlas’ way 
of notifying Atlantis of the outcome of a 
test. Has no associated message ID. 

 

Table 1. Example of message types and their meanings 
 
 Finally let us have a look at an example of a message. It is time to make a test 
of the service example from section 1.6, “A mobile service example”, where Dolce 
Vita Mobile offered local entertainment information via SMS. The test wants to make 
sure the cinema information arrives properly and on time. The module message will 
look like this: 
 
SMS.SENDREQ\001ABC1234\001+46123456\001linköping friday cinema 
 
We see that the message is meant for the SMS module, which seems to correspond 
with the service. The message ID is ABC1234 and we can recognize the phone 
number +46 123 456. The meaning of the message text in the SMS is of no relevance 
for Atlas. Knowing the module and message type, it is enough for Atlas to know the 
number to the service provider and the text in ASCII format to be able to perform the 
test. The Atlas ID does not matter either. As you can see, the message requires no 
specific ending.  
 

 
 

22



4.4 Connection related classes 

This section presents classes in Atlas that are in some way used in connection 
between Atlas and Atlantis. Figure 8 is a diagram in pseudo-UML that shows how the 
classes are related. For more details about the design and a real UML diagram see 
appendix B. 
 

 Inherits from 
 
Association 
 
Aggregation 
by reference 

MSendNotify 

CMessageSender 

COutMess COutMessQueue
1..*

0..1 0..1 

0..1 
0..1

CMessageEngine 

CMessageManager

MTimeOutNotify 

CTimeOutTimer 

0..1 0..1 

0..1 

0..1 

0..1 

CMessageReceiver 

MReceiveNotify 

CInMessage 

0..1 

0..1 

CMessage CMessageList

0..1 0..1 
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Figure 8. Relationship between classes involved in connection with 
Atlantis 

 
 With some exceptions, communication between classes is done through 
interface classes. An interface class is recognized by the prefix letter M and has only 
pure virtual functions. 
 Looking at Atlas, it doesn’t seem inaccurate to say that the class 
CMessageManager is its core class. It invokes creation of all other necessary 
classes, indirectly even including the loading and linking to service modules (see 
section 5.3, “Loading service modules”). Furthermore, it manages all commands from 
Atlantis, seeing to it that module messages get sent to the proper module or that the 
system responds to the control messages. 
 The CMessageEngine class has a somewhat confusing name, which is a 
remnant from an earlier design step. Maybe it should be more appropriate to call it 
CConnectionEngine, since it is used for establishing and supervising connection 
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to Atlantis. It opens a subsession to the socket server, which is Symbian’s way of 
managing access to sockets services, and creates and opens sockets. 
 In appendix B you can see that CMessageEngine communicates with 
another group of classes, through the CIapEngine and MIapCallback classes. 
These classes are added to enable connection without the need of input from an 
external user. The appendix also clarifies external inheritances from classes like 
CActive and CBase, which are defined in Symbian OS. 
 

4.5 Establishing connection 

The original thought was to establish connection between the mobile phone and the 
control process when Atlas was activated on the phone and to let the connection stay 
open until Atlas was closed. Of course this should also consider the possibility of 
having the connection interrupted by outer circumstances over which the system itself 
has no control. With a permanent connection Atlas would be able to receive and 
execute commands continuously. At first the system was both designed and 
implemented to work this way and the first tests showed no sign of this being a 
problem. The system worked as long as the tests only consisted of sending SMS 
messages. Then the MMS tests started and that is where it was discovered that the 
Nokia 7650 doesn’t allow for two access points to be active at the same time. Since 
one access point is needed for the server connection and one for sending the MMS, 
this meant some of the networking part had to be redesigned and implemented again. 
 The new solution is that Atlas receives several commands at a time and 
disconnects before carrying them out. We can call the group of commands received 
during one connection session a test block.  Atlas stores the results in a list and when 
all tests are done it reconnects to Atlantis, sends its results and finally signals that it is 
ready to receive new requests. The process is described in figure 9.  
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Figure 9. Communication between mobile phone and control process 

.5.1 Connection request message 

hen Atlas connects to Atlantis it begins by sending the so-called connection request 
essage, which has the following structure: 

CONNECTREQ\001REQ_ID\001ATLAS_ID\001LIST_OF_SUPPORTED_MODULES 

he last argument, the list of supported modules, informs Atlantis of which test types 
his particular Atlas device can handle. An example of a connection request message 
an be seen below: 

CONNECTREQ\001ABC01\001998877665544332\001SMS,MMS 

Atlantis holds a database that associates an Atlas ID, which is the IMEI 
umber, in this case 998877665544332, with the corresponding phone number. This 
atabase has to be built up with information manually due to the earlier mentioned 
roblem that Symbian OS is unable to get the phone number of the SIM card inserted 
n the phone. There are some ideas to how to solve this in a more dynamic way and 
opefully in future versions there will be a smoother solution.  

.5.2 Primary and backup server 

tlas has the address to a primary and a backup Atlantis server. These servers are 
ever accessible simultaneously. They should however share all information, so that 
hen one of them goes down, the other still recognizes message IDs from results and 
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knows what test requests to send. This part of the monitoring system has not been 
implemented fully yet and lies outside the area of this thesis. The tests done so far 
have been carried out on one server, possible to reach from two different port 
numbers.  

If connection fails to the primary server, Atlas immediately tries to connect to 
the backup server. If there is a problem with the network it is better to avoid getting 
into a loop of trying to establish a connection immediately, since this would only 
consume power resources in vain. This is why, if the second connection try fails as 
well, the application waits for a while before retrying connection with the primary 
server again. This timeout increases after each try to connect to the backup server, 
until it reaches a maximum value. The connection loop results being: 
 

1) try to connect to primary server 
2) try to connect to backup server 
3) increase timeout 
4) repeat from 1) until timeout reaches maximum value 
5) set timeout to minimum value 
6) repeat from 1) 

 

4.6 Receiving commands 

In order to get an efficient implementation of message transmission, with no 
unnecessary buffer allocation, messages consist of two blocks. The first block defines 
the message size. It is 6 bytes long and contains 5 ASCII digits and the  # symbol. The 
second block is the actual message. This way Atlas can allocate the exact number of 
bits necessary for the information, which is stored in the CInMessage class as a 
TPtr8 descriptor. 
 The receiving block notifies the management block about the new message 
through an interface class and after this the responsibility for the message lies within 
the class CMessageManager. The message gets translated from a pure string into a 
CMessage object, where module, message type and arguments have been extracted 
and stored in TPtrC8 descriptors. The arguments, previously separated by the string 
“\001”, are stored in an array where every entry represents one argument. 
 If the message is a module message it is added to the message list. Otherwise, 
if it is a connection result message Atlas starts sending eventual test results and if it is 
the last message from Atlantis, Atlas disconnects and starts the process of performing 
the tests. 
 

4.7 Sending results and control messages 

A counter in CMessageManager keeps track of when tests have been performed 
and it is time to reconnect to Atlantis. When the result from the connection request 
arrives, Atlas starts sending results. Whenever an SMS, MMS or other message is 
received as a response to a test, it is immediately converted into a module message 
and put in queue to be sent in the sending block. It is stored as a COutMess, which is 
basically just a class that includes the message string in the form of an HBufC8 
descriptor and attributes needed for queue management. The queue class itself is 
called COutMessQueue. It is controlled by the class CMessageSender. Control 
messages are never put in queue, but are sent by the SendNow() function.  
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4.8 Error handling 

In a system with the complexity of Atlas there are many error possibilities. The 
mobile phone can run out of free memory and battery power, connections can fail etc. 
In this section we will discuss some possible errors more in detail, while other more 
general problems also will be discussed without getting into specific features. So far 
Atlas has a somewhat limited error handling and this is definitely one aspect that 
should be developed further. For example it could be an idea to signal Atlantis 
whenever battery power is low. 
 Memory leaks are one of the most crucial errors in a mobile phone and they 
might be hard to detect in time. The best way to avoid them is to follow the 
programming conventions provided by Symbian and take as a habit to implement 
construction and destruction of objects as well as pushing and popping to and from 
the cleanup stack at the same time. It is the best way to see to that no objects get 
forgotten in the system.  
  

4.8.1 Involuntary disconnection 

In the current implementation of Atlas, there is no intelligent way of handling the case 
of a failing connection during sending or receiving of messages. There are several 
ways of doing this and the best solution is of course the one that is best adapted to the 
circumstances. An operator who uses Atlas for many, short test blocks may be less 
concerned about loosing test results, whereas an operator that chooses to minimize the 
number of connections and instead use larger test blocks probably wants to handle an 
interrupted connection by resending some information. Common for the solutions 
should be to take advantage of Atlantis’ bigger resource assets and try to put as much 
as possible of the error handling outside the mobile phone. 
 In the case of disconnection when receiving test commands from Atlantis, 
today’s Atlas simply tries to reconnect to the secondary server address without doing 
anything about the already received module messages. Those tests get carried out 
once a new test block has been received properly. This means that if Atlantis sends 
the same test block that failed earlier, some tests can be carried out twice and Atlantis 
will get two results for the same message ID. This is not an impossible problem to 
solve, but it is hardly a beautiful solution either. Actually, this is a remnant from the 
previous idea to have a constant connection between Atlas and Atlantis and carry out 
tests continuously. Connection failure during the sending of test results is less grave. 
Atlas just continues to empty the queue as soon as it gets reconnected. 
 One approach for the next version of Atlas can be to treat test blocks with all 
its messages as one entity, maybe even with a session ID. The receiving part can send 
an acknowledgement when it receives the control message indicating the last message 
in the block. Then Atlas can throw away module messages from an unfinished test 
block. The outgoing test results can be saved until all messages in COutMessQueue 
have been sent and Atlantis sends its acknowledgement. Such a solution would mean 
a good overview over lost messages. It would lead to a smaller reconstruction of the 
system as it is today, but thanks to the object-oriented design it would not be very 
difficult. Another approach can be to send acknowledgements after each sent module 
message, the advantage being not having to cancel messages or sending them twice 
and the disadvantage being the increased traffic over the socket. 
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4.8.2 Failure to send message 

Atlas detects that something has gone wrong while sending a message to Atlantis 
through the active object CMessageSender:s status flag, which in that case will 
signal an error (by being different from KErrNone). It then calls SendFailed() in 
the associated object that inherits from the MReceiveNotify class. This object is 
the CMessageManager. It checks whether the message is a connection request 
message. In that case it retries sending the message once more to the same server 
address and otherwise tries connecting to the other server. Any other message will just 
be thrown away. Of course, it is important to add a better error handling for the case 
of the control message “NOMOREMESSAGES”. 
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5 Service modules 

 
One of the true strengths with Atlas is that it is designed to facilitate integration of 
new service modules. This is obtained by linking to a dynamically loaded library. 
How this is done is described in section 5.3, “Loading service modules”. 

The already implemented modules are SMS and MMS. Their design and 
functionality are described in section 5.4 and 5.5 respectively, whereas classes that 
constitute the link between the earlier described networking part and the specific 
service modules are presented in the following section. 
 

5.1 Service module related classes 

As mentioned before, we can say that CMessageManager is Atlas’ core class. In 
section 4.4, “Connection related classes”, we looked at how it managed the 
connection to Atlantis. This section shows other classes, still closely related to, or 
even a part of, Atlas’ core, but which are used for communication versus the service 
modules and hence in a wider perspective to the service provider.  
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Figure 10. Relationship between classes involved in communication versus 
service provider 

 
The CAtlasFooModule is an example of a service module, linked to Atlas 

through the dynamically loaded library. Besides that and the CMtmEngine, all other 
classes in the diagram belong to the same DLL. 
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 CModuleManager loads all enabled service modules into the system, 
creates a CModule object for each one of them and puts them in the CModuleList. 
When a module message is to be linked to the corresponding service module, it is the 
CModuleManager that is responsible for finding it in the list.  
 The CModule class is Atlas’ general representation of a service module. It is 
associated with an object that inherits from the module interface MModuleIF. This 
object is the actual service module, able to send and receive messages. 

In section 4.6, “Receiving commands”, we left the process of receiving a 
command after it had been translated into a CMessage and put in the 
CMessageList. Let us now have a look at what happens after that. 

Once Atlas is disconnected from Atlantis, it starts linking the messages in 
CMessageList to the service module they belong to. Then it sends the message to 
the module, passing it the ownership of the message, which is now removed from the 
message list. A counter keeps track of how many messages have been sent to service 
modules. Every time the message gets sent to the service provider, the service module 
signals this to Atlas, which then decreases the counter.  

The interface class MModuleIF represents how Atlas through the 
CModuleManager sees the external service module. Except for construction and 
destruction, it gives Atlas the possibility to forward commands from Atlantis through 
the function NewMessage() and to retrieve the module name through the function 
Name(). 

MManagerIF is the service module’s interface towards Atlas. It is used for 
signaling that a message has been completed, i.e. sent to the service provider. It has a 
two functions named SendL() that differ from that one takes a pointer to a TDesC8 
descriptor as one of its arguments where the other takes a pointer to TDesC16. 
SendL() is used by the service modules to pass arguments to Atlas that make it 
possible for it to create module messages for Atlantis. 
 

5.2 MTM engine 

Atlas uses a separate library called MtmEngine, which as the name implies is an 
engine for messaging. It can be described as the monitoring system’s interface 
towards Symbian’s messaging API, with its message server, message type modules 
(MTMs) and more. The MTM engine provides all base classes for incoming messages 
and is responsible for receiving and sending messages to and from the service 
provider. Each service module has its own interface to the MTM engine, which 
defines message structure and how messages should be handled. Both the MTM 
engine and the service module interface classes are can be used by other applications 
in need of message handling. 
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Figure 11. Class diagram for the MTM engine 

Communication between the phone’s message server and client applications is 
 through sessions, represented by an instance of the class CMsvSession. There 

only be one active session to the message server in one application at a time. This 
 the interface class MMsvSessionObserver to communicate that outgoing 
sages have been sent and that incoming messages have arrived. In the MTM 
ne, it is the class CMtmEngine’s inheritance from this interface class that 
les the service module to supervise messaging activity on a lower level in the 
e. 

Some messages cannot be sent while other messages are on the outgoing, since 
various sending processes might use different access points  (e.g. for MMS and 
il). The CMtmEngine is responsible for supervising active access points and 
lizing the sending of messages, so that a message is sent as soon as the system 
s it.  

Section 2.6, “Messaging”, presented Symbian’s idea to use different MTMs 
ifferent messaging protocols. The MTM engine uses its class CMtmHandler to 
tlas interact with Symbian’s predefined MTMs. Each service module has its own 
ler that inherits from that class and that provides further functionality for 

iving messages in the specific protocol.  
To get a full view over the MTM engine, see appendix B. The interface classes 

een the service modules and the MTM engine are included in the class diagrams 
 the particular service modules. 

Loading service modules 

stated earlier, the service modules consist of dynamically loaded DLLs (also 
n as polymorphic interface DLLs, see section 2.5, “Dynamically linked 

ries”). This makes it possible to easily add new ways of testing services. As long 
st a few requirements are fulfilled for the new service module, Atlas finds its way 
tegrating it fully into the system.  

31



 First of all, the service module obviously has to be built as a dynamically 
loaded DLL. When compiled and installed to the phone, the target file gets the file 
name *.mod. All service module DLLs are put in the same directory on the phone. 
This way, when Atlas wants to load the service modules, it is enough to go to that 
specific directory and extract all *.mod files. 

To access the file system and this directory, Atlas uses a handle to a file server 
session in the form of Symbian’s predefined RFs class. Through this handle it gets a 
list of all available *.mod files. For all elements in the list it creates a CModule object. 
That is the step when the service module DLLs are actually loaded into Atlas. 
 Maybe you remember that the polymorphic interface DLLs only have one 
exported function, which gives the DLL its only entry point for external clients. In the 
case of the service modules, this only exported function returns a pointer to an object 
derived from MModuleIF. It is called during the construction of the CModule object. 
Looking at the example of the module SMS, the function is named CreateModule() 
and it creates a CAtlasSmsModule object.  
 The service modules are dependent on the MTM engine, which gets associated 
to each service module during its creation. 
 The process of loading all service modules is described in figure 12.  
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Figure 12. Loading and linking to service modules 
 

5.4 SMS 

The requirements for the SMS service module were that it should be able to interpret a 
command in the CMessage format and transform it into a real SMS message, which 
it should also send to the desired destinee. Whenever an SMS is received to the 
mobile phone it has to forward it to Atlantis in a correct format including all necessary 
information for evaluation of test results. The different nature of ping and service tests 
requires that they should be handled differently. The system has to delete messages 
continuously, or more correctly, as soon as they are no longer of use, to prevent the 
mobile phone’s memory to be occupied by irrelevant information. 
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5.4.1 SMS service module classes 

Figure 13 shows all classes in the SMS service module. Important external 
dependencies are for example CAtlasSmsModule’s association to the MTM engine 
and CAtlasSmsMsg’s CMessage attribute. For a complete class diagram of the 
SMS module, see appendix B.  
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Figure 13. Class diagram for the SMS service module 
 
 CSmsMsgBase, CSmsMsg, CSmsHandler and MSmsCallback are the 
classes that constitute this service module’s interface towards the MTM engine. As far 
as this diagram is concerned, CSmsMsgBase is the class that comes closest to being 
a real SMS message, having destination number and message text as its only 
arguments. It is a subclass of the class CMtmMsg in the MTM engine. 
 

5.4.2 Receiving an SMS 

This report does not explain the process of receiving an SMS in detail, but before 
getting into how service tests and ping tests are performed, let us take a quick look at 
what happens in the mobile phone when an SMS is received.  
 While the Atlas application is activated, the MTM engine will handle all 
incoming SMS messages, assumed that it has SMS as one of its enabled service 
modules. Through the SMS handler (CSmsHandler), it uses a callback function to 
inform the SMS module about the received message. The function is called 
NewSmsL() and is implemented in the CAtlasSmsModule, as a result of its 
inheritance from MSmsCallback. The function has two arguments: the sender’s 
phone number and the message text. It checks whether the message is part of a ping 
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test, by comparing the message text to the predefined ping test strings. If it does not 
correspond to any of them, the message is handled as the reply to a service test. 
 

5.4.3 Service tests 

Service tests include all tests done towards a service provider, like in the case with 
Dolce Vita’s “What’s up” service. Let us now take a look at the order of events when 
a service test is performed: 

 
1) A command is received as a CMessage from Atlas to the SMS 

service module through the call to CAtlasSmsModule’s 
function NewMessage(). Requests for service tests are 
recognized by the message type “SENDREQ”. The function also 
checks that the number of arguments correspond to an SMS. If not, 
Atlas gets notified about the error and the message is deleted. 

2) A request message (a CAtlasSmsReq object) is created with the 
original CMessage as one of its attributes. It gets put in the 
CAtlasSmsQueue. 

3) A send function is called on the request message. This function 
extracts destination number and message text from the argument 
array in the CMessage attribute and creates a CSmsMsgBase 
object. 

4) Furthermore, the same send function calls SendL() on the 
CSmsMsgBase object. This activates the MTM engine, which 
finally sends the SMS to the service provider. 

5) The MTM engine signals that the message is completed. The 
interface between the service module and the MTM engine also 
sees to that the message gets deleted from the sent folder in the 
mobile phone. A status flag signals if there has been an error and 
the message hasn’t been sent properly.  

6) The request message sets its time stamp attribute to the local time 
on the phone.  

7) The request message notifies Atlas that the test has been carried 
out. The notification includes for example module name, message 
type, message ID and time stamp. In the case of an error, the time 
stamp is replaced by an error code. From this information, Atlas is 
able to create a result message (“SENDRES”) for Atlantis. 

8) The request message notifies the CAtlasSmsModule that the 
message has been completed. This removes the request message 
from the CAtlasSmsQueue and deletes it.  

9) The SMS service module signals to Atlas that the message has been 
completed, which decreases the counter used for controlling when 
Atlas can reconnect to Atlantis. 

 
 The previous section roughly explained how an incoming SMS gets noticed by 
the SMS service module through a callback function. Supposing that the SMS turns 
out to be the reply to a service test, the callback function gets the current time on the 
phone. This is later to be compared to the time stamp in the corresponding result 
message, when Atlantis evaluates the outcome of the test. After this, the service 
module notifies Atlas of the received message with all information it needs in order to 
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be able to create a message indication (with the message type “MSGIND”) for 
Atlantis. The arguments are module name, message type, time stamp, sender and text. 
After this, the callback function returns the boolean variable “true”, which deletes the 
received SMS from the inbox. 
 

5.4.4 Ping tests 

The difference between service tests and ping tests is basically that no result message 
(“SENDRES”) is created and sent to Atlantis. When the result from a ping test arrives 
to the mobile phone, it can be associated to the request thanks to the message ID, 
which is included in the message text.  
 Remember that the mobile phone can take two roles in a ping test. It either 
makes the request by sending an SMS to another Atlas phone and await for the other 
phone to reply, or it receives the request from another phone and is responsible for 
sending the reply.  
As you can see below, performing a ping test is very similar to performing a service 
test. 
 

1) A command is received as a CMessage from Atlas to the SMS 
service module through the call to CAtlasSmsModule’s 
function NewMessage(). Requests for ping tests are recognized 
by the message type “PINGREQ”. The function also checks that 
the number of arguments correspond to an SMS. If not, Atlas gets 
notified about the error and the message is deleted. 

2) A ping message (a CAtlasSmsPing object) is created with the 
original CMessage as one of its attributes. It gets put in the 
CAtlasSmsQueue. 

3) A send function is called on the ping message. This function 
creates the message string by combining a predefined string for 
recognition of ping requests, “SMSPINGREQ”, with the message 
ID. The latter is extracted from the CMessage together with the 
destination number. Text and phone number can now be set as 
attributes for a new CSmsMsgBase object. 

4) Furthermore, the same send function calls SendL() on the 
CSmsMsgBase object. This activates the MTM engine, which 
finally sends the SMS to the service provider. 

5) The MTM engine signals that the message is completed. The 
interface between the service module and the MTM engine also 
sees to that the message gets deleted from the sent folder in the 
mobile phone. A status flag signals if there has been an error and 
the message hasn’t been sent properly. 

6) The ping message sets its time stamp attribute to the local time on 
the phone.  

7) The CSmsMsgBase object associated to the ping message is 
deleted and set to zero. The ping message is kept in the 
CSmsMsgQueue to await the result. 

 
A ping request from another mobile phone is recognized by the NewSmsL() callback 
function by the fact that the message text begins with the string “SMSPINGREQ”. In 
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this case, the service module has to create a ping result message and send it as an 
SMS to the requesting phone:  
 

1) It begins by replacing the letter “Q” by the letter “S” in the 
message text. The message ID, which is also included in the text, is 
of course left unchanged, since it will be used to identify the ping 
test in the phone that requested it.  

2) NewSmsL() calls CAtlasSmsModule::SendSms(), using 
the sender’s phone number and the modified message text as 
arguments. 

3) The arguments to SendSms() become attributes in a new 
CSmsMsg object. 

4) SendSms() invokes a send function on the CSmsMsg object. The 
MTM engine sends the SMS. 

5) The MTM engine signals the SMS service module interface that 
the message has been sent and that finally deletes the message from 
the mobile phone. 

 
Analogue to the previous case, an SMS that is the result to a ping test, begins with 
“SMSPINGRES”. Here, the SMS service module has to compute the ping time and 
forward the result to Atlas: 
 

1) NewSmsL() finds the message ID in the text string. 
2) The service module looks for a CAtlasSmsMsg (or actually a 

CAtlasSmsPing) with the corresponding message ID in the 
CAtlasSmsQueue. If no such ping message is found, the SMS is 
simply deleted and no more action is taken. 

3) The Completed() function is called on the ping message.  
4) If no error has occurred, Completed() calculates the ping time, 

i.e. how long it has taken for the ping test to be performed by 
comparing the current time to the time stamp that was set when the 
request was sent.  

5) The ping message notifies Atlas that the test has been carried out. 
The notification includes for example module name, message type, 
message ID and ping time. In the case of an error, the ping time is 
replaced by an error code. From this information, Atlas is able to 
create a result message (“PINGRES”) for Atlantis. 

6) The ping message notifies the CAtlasSmsModule that the 
message has been completed. This removes it from the 
CAtlasSmsQueue and deletes it.  

7) The SMS service module signals to Atlas that the message has been 
completed, which decreases the counter used for controlling when 
Atlas can reconnect to Atlantis. 

 

5.5 MMS 

MMS stands for multimedia message. It is a message that can consist of graphics, 
text, audio and animation. In order to send an MMS, the mobile phone has to connect 
to an access point provided by the mobile operator. The phone has to be configured to 
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the access point settings so that it can automatically connect when an MMS is sent or 
received. Usually, the data bearer used is GPRS.  
 The enhanced functionality for MMS messages in comparison with SMS does 
not lead the MMS service module to being much different from the SMS service 
module. All extra features are handled by Symbian’s existing messaging part, 
especially by the MMS MTM. The monitoring system simply has to manage a file 
path on top of the destination number and the message text that was needed in the 
SMS case.  
 The Nokia 7650 allows for multiple multimedia files to be attached to the 
same MMS, although in a somewhat limited way. Except for the message text, an 
MMS can only contain one image and one sound clip. The MMS service module 
accepts only one file path and hence also only one attachment. Actually, as for the 
current implementation, all tests that involve sending an MMS use the same image, 
whose path name is explicitly put into the source code. The attachment of a received 
MMS is not of any importance either, although it doubtlessly ought to be. It never 
even reaches the MMS service module from the MTM interface. In a future version, it 
is definitely of high priority to go towards a more dynamic way of testing the MMS 
functionality. The poverty of the service module as it is today is due to lack of time. 
However, before being able to transmit images between Atlas and Atlantis, it is 
necessary to change the message structure for communication between the two. 
Sending images means sending binary data and as we mentioned earlier, binary 
transmission is impossible with today’s implementation. 
 To get acquainted to the classes and their relations for this service module, see 
APPX. As you can see it is almost equal to the SMS service module. Because of the 
major similarities with SMS, the MMS service module will not be further explained in 
this report.   
 

5.6 Future modules 

As long as Symbian continues to widen its list of supported messaging protocols, it 
will be possible to add new service modules to Atlas. Already today, there are several 
other types of services that could be tested by Atlas as soon as the corresponding 
service module is added.  
 Since GPRS gives the possibility to send and receive e-mail through the 
phone, this could be a possible next service module to implement. It belongs to the 
MTM family and its behavior is similar to that of an SMS or an MMS, in that it has a 
recipient, message text and possible attachments. Creating such a service module 
could therefore easily use existing service modules and MTM interfaces as a starting 
point and be completed only after a few changes. The Symbian messaging API 
supports the IMAP4, POP3 and SMTP protocols for sending and receiving e-mail. It 
could be appropriate to therefore create a service module for all three protocols. 
 Tests for WAP services and surfing the web on the mobile phone through the 
HTTP protocol will have a different structure. They are not about sending and 
receiving messages, but about accessing WAP or web pages. Thus, they are not 
depending on the MTM architecture. A developer who wants to create the WAP 
service module needs instead to have knowledge of the structure of the so-called 
WAP stack. As soon as the third generation mobile network will be launched, it will 
be of more immediate interest to create even a HTTP service module. For now, 
Symbian still lacks some important APIs for a development of that kind. 
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 To illustrate the modularity for Atlas once again, let us now look at how a test 
command from Atlantis could look like for a test of a service that includes web 
browsing. Such module messages would probably contain an address to the page that 
is to be tested. For example a module message for the WAP module could look like 
this: 
 
WAP.GETREQ\001ABC1234\001wap.dolcevita.com\00145 
 
 We recognize the module name, message type (“get this WAP page”), 
message/test ID and we can see the WAP page to be tested. The last argument, “45” 
could be the maximum number of seconds to wait for the page to be downloaded 
before considering the service to offer an unacceptable quality. As you can see, the 
message structure that worked for the other services works here too. Keep in mind the 
dynamic way a new service module could be integrated to the system and we can 
draw the conclusion that Atlas is really modular and does offer good possibilities for 
extensions. 
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6 Results and discussion 

 

6.1 Fulfilling requirements 

The goal for this master’s thesis project was to design and implement the part of an 
end-to-end monitoring system of mobile services that runs on a mobile phone. This 
goal has been reached and the resulting system, Atlas, fulfils the requirement of 
establishing connection to a control process, receiving commands, interpreting them 
and carrying them out, as long as they concern sending or receiving SMS or MMS. It 
also sends results to the control process. 
 As far as the requirement of modularity is concerned, this has been fulfilled as 
well. The solution was to create modules for testing different protocols as dynamically 
loaded libraries. In order to add new functionality for testing, it should be enough to 
have knowledge of one interface class in Atlas, the MTM engine and Atlas’ general 
message class.  
  

6.2 Possible future improvements 

In a not too distant future, there will be new mobile services that could probably be 
tested in Atlas. Already at present we can mention that it would be useful to integrate 
testing of WAP services and sending and receiving of e-mail. 
 Another improvement would be to make the connection to the control process, 
Atlantis, modular. It should be possible to choose whether connection should be made 
through TCP/IP, UDP, infrared, Bluetooth or other protocols. It is also possible that 
some customers prefer to activate Atlas from the control process, instead of having to 
activate it manually on the mobile phone.  
 An interesting discussion is whether to put more intelligence into Atlas’ 
handling of received test results. At present, it is unable to make the connection 
between a carried out request and an incoming message. There might be cases where 
it is more appropriate to do more of the result management in the mobile phone before 
the information gets sent to Atlantis. This is of course depending on the needs from a 
specific customer.  
 One thing that definitely could be worth the effort of further development is 
the error handling. Atlas could be programmed to signal to Atlantis when battery 
power runs low. It could also be made to better handle disconnection to Atlantis or 
failure to send message. 
 

6.3 Comments 

Even though it doubtlessly led to confusion and even to despair, it seems developing 
the monitoring system in Symbian OS was a good decision, since it is such a good 
platform for further development.  
 During the project, it was learning and understanding the operating system that 
consumed most of my time. Personally I found that there were to many unfamiliar 
concepts to comprehend at once. As more and more device manufacturers join the 
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Symbian community, it will probably also be easier to find good literature about the 
subject on a level that suits inexperienced software developers like me. 
 Finally, the most gratifying part of the project is knowing that this project not 
only taught me something, but that it also resulted in a commercial project and that 
there are already several mobile operators in Italy that are interested in buying the 
system from Teleca Solutions Italia S.p.A.  
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Appendix A Symbian development in practice 

This section describes the necessary steps and components when creating 
development environments for Symbian projects and also how to compile them and 
let them run on an emulator or real phone. 
 

A.1 MMP files 

An MMP file can be described as a project specification. It defines the name and 
character of the target file. An example of an MMP file is shown in figure 14.  

It is the MMP file that tells which source files should be included in the 
project, where the include files can be found and what libraries are needed. The UID 
line shows only UID2 and UID3. Symbian recognizes UID1 from the above line as 
the target type. The lines at the end indicate what DEF file should be used for which 
platform. The emulator needs the *WINS.def file and the real device needs the 
*ARM.def file. The DEF files contain a list of the project’s exported functions as they 
were at the last freezing occasion. For more information about exported and frozen 
functions, see [SE60]. 
 

 
Figure 14. An example of an MMP file 

 

A.2 Component definition file 

Every Symbian project has its component definition file, which is always called 
bld.inf (see figure 15). It lists all the projects in a component. In this context a project 
is represented by an MMP file. The bld.inf file specifies the location of the MMP file.  
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Figure 15. Example of an bld.inf file 

 

A.3 Creating a development environment  

When creating a Symbian OS project it is necessary to go through certain steps, listed 
below: 
 

1) Create an MMP file.  
 
2) Create the component description file, bld.inf. 
 
3) Open a DOS command line window and go to the directory where 

the bld.inf file is located. Create an abld.bat batch file in the current 
directory with the command: 

 
> bldmake bldfiles 

 
The batch file controls all aspects of building a project. 
 

4) Create a Visual C++ (version 6.x) project and workspace with the 
command:  

 
> abld makefile vc6 

 
The abld makefile command creates makefiles or IDE workspaces. 
In this case the output is a project workspace file (*.dsw), but as 
you can see in figure 16 there are also other types of outputs, which 
are projects built for the emulator and the real device respectively, 
with the commands we will look at in the following two sections. 

 

 
 

44



 
 

Figure 16. The build process 
 

A.4 Building for the emulator 

When building for the emulator, there are two ways of proceeding. First of all, it is 
possible to simply use the build commands in the IDE choose the “execute” command 
from there. It is also possible to use the build commands from the MS DOS command 
window. Simply type: 
 
> abld build wins udeb 
 
in the directory where the abld batch file for the project is. Here, the last argument, 
“udeb”, means the project will be built for the emulator debug version. When building 
for the emulator release version, this argument simply changes into “urel”. This abld 
command builds a WINS file, which is one of the file types you can find as output in 
figure 16.  
 

A.5 Building for the real phone 

Development of Symbian applications in Visual C++ requires compilation in the MS 
DOS command window when building for the real device, in this case the Nokia 
7650. Like in the previous section, when building for the emulator, go to the directory 
where the abld batch file is and type: 
 
> abld build armi urel 
 
 In order to be able to transfer the project to the phone, independently if it is a 
library, application or other, it is necessary to first create an install file (*.SIS) with 
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the help of a so-called package file (*.pkg). The package file contains necessary 
information for the installation such as of course the file to be installed, for example 
atlas.app. If the package file is called atlas.pkg, the file gets packaged into an install 
file with the command: 
 
> makesis atlas.pkg 
 
The resulting file, for example atlas.SIS, ends up in the same directory as the package 
file, which is also where the command must be given.  
 During the project I have only installed files to the mobile phone through an 
infrared connection. Thanks to the PC Suite (see section 3.3, “PC Suite”) this was 
very simple and efficient. First of all, the IR connection was activated on the phone 
and put in range of the computer’s IR port. Once the IR connection was established, a 
double click on the install file, for example in the Windows Explorer, activated the 
installation process and the file got both transferred and installed to the phone. 
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Appendix B Class diagrams 

 

B.1 Atlas main library 

B.1.1 Overview 
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B.1.2 Diagram 1 
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B.1.3 Diagram 2 
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B.1.4 Diagram 3 
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B.1.5 Diagram 4 
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B.2 Atlas application with GUI 
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B.3 MTM engine 
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B.4 SMS service module 
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B.5 MMS service module 
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