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Abstract
This report describes the motivation, background information, experiments done
and problem encountered by our group in participating in the final year project related
to using GSM cell information for location-based services over Symbian operating
system.
The report would firstly introduce the Symbian OS, the major operating system
used in mobile phone nowadays, in the aspects of highlighted features specific to
mobile phones. Following is current role of location-based service, LBS in short,
which is a highly demanding service in the fields of emergency, navigation and
information distribution. The next step is to show different kinds of general
positioning methods, including signal attenuation and time of arrival (TOA), as well
as current LBS technologies. These three components would play important roles in
our project.
Due to the complicated network design, expensive hardware and telecom
company dependency, general users would not have the initiatives to try out
location-based services. This project aims to adopt simple GSM cell information
positioning method which can be applied into ordinary Symbian mobile phones
without extra cost and hardware upgrade.
The lack of accuracy of region-based GSM cell ID positioning would still be a
great problem. The report will include issues of cell IDs collection, enhancement of
the method by considering cell change events as well as experiments in both
two-dimensional region (the CU campus) and one-dimensional path (railway). The
sample application, MTR Traveller, which takes advantage of the proposed method in
locating current station, will also be presented with principles involved, problem
encountered, implementation concerns and resulting services that can be provided,
such as content providing and notification.
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Chapter 1: Introduction
1.1 Motivation
Location-based services become highly essential after the wireless network
becomes slightly mature and accepted by majority. Many researchers have already
figured out different kinds of issues for location-based services, including positioning
methods and location information exchange protocols. It would be a realizable service
sooner or later.
However, although advanced methods can meet accuracy requirement and
perform quite well, they often require extra cost to existing network, special hardware
(e.g. GPS) and telcom company dependent, resulting in the situation that most of the
ordinary users, say mobile phone users or PDA users, cannot enjoy the location-based
services. At the same time, small developers, who do not have a fund to cooperate
with service providers and network operators, cannot develop their applications for
location-based services, although they may have some innovative ideas.
Also, not many location-based services do require so accurate positioning, such
as mobile games. There should be some suitable technologies that suit the
requirement of individual applications.
This generates the idea of using GSM cell information with current data-enabled
cell phone operating system which allows programs written by general developers.
GSM cell information which can be accessed by all the GSM handset users without
upgrading their devices and telco independent; The programmable capability of
Symbian OS, one of the major operating system for mobile devices, allow developers
making use of various functions in the phone, including GSM information retrieval
and taking photo with camera, freely.

1.2 Project Equipment
Besides general PCs, the project involves a Symbian mobile phone, Nokia 7650,
which is equipped with Symbian OS 6.1 Series 60. Besides normal telephone
functions, it consists of integrated digital camera, MMS and SMS handling, WAP
browsing as well as Bluetooth connectivity. These features may be useful for the
project in the future. In addition, a USB Bluetooth dongle allows us to transfer the
written software for the handset to execute while general PC is responsible for
programming and emulation before actually testing on real mobile phone.

Chapter 2: Symbian Operation System
The word Symbian represents a software licensing company jointly owned by
mobile phone and device manufacturers, including Nokia, Panasonic, Psion, Samsung
Electronics Siemens and Sony Ericsson. Obviously, Symbian OS is the product of this
company and it is specially designed for data-enabled 2G, 2.5G and 3G mobile phones.
Originally, it was designed for any mobile devices, but it now focuses on mobile
phone market because of the new affiliation of various handset manufacturers in late
1990s.
Robust multi-tasking kernel, integrated telephony support (e.g. GSM/EDGE and
CDMA), communications protocols (e.g. WAP and Bluetooth), data management,
advanced graphics support (support of direct-access and common hardware
accelerator) and a variety of application engines enable Symbian OS to become the
major operating system for current generation of mobile phones, such as Nokia 7650 /
3650, N-Gage, Sony Ericsson P800 / P900, etc.
In short, the functionalities of Symbian phone are summarized in the following
diagram [1].

Fig 2.1: Symbian 7.0 architecture
One point should be emphasize here is that the option of Symbian OS introduces
new opportunities because of its programming capability, compared to the phones
released in the past where self-written programs are generally not accepted. Moreover,
Symbian phone would usually contain hardware, such as digital camera, and

communication protocols, such as Bluetooth, other than telephony, so developers can
interact with these special features and maximize the functionalities of their
applications. This project
The main focus of this chapter is to illustrate how Symbian OS handles the basic
weakness of mobile phone, such as limited memory, and how we can write our
program for Symbian OS.

2.1 Development Environment
Symbian OS is a C++-based system. Therefore, to support the native OS, C++
becomes the major programming language. Besides, Java (possibly J2ME), which
always provides platform-independent solution to developers, can also be a choice.
However, later session within this chapter will show why programming in native code
(i.e. C++) is preferred, rather than J2ME.
Each mobile phone manufacturers would provide their SDKs, including Symbian
OS, emulator, documentation and different supports specific to their phones, for
software development. For Nokia 7650, Series 60 platform 1.0 was downloaded for
our project for Nokia Developer Home (http://www.forum.nokia.com). Developers
are able to fully test and debug their programs under emulation before actually
running them in mobile phones (because careless program may even crash the
handset).
Generally, the development environment is under Microsoft Visual C++ with
application wizard included in the SDKs. Developers may refer to the documentation
or reference books to figure out the use of APIs.
However, by personal experience, Nokia SDK does not provide enough
explanations to all of the APIs, especially those GUI components specifically for
Nokia phone (i.e. they are not Symbian-standard components). For example, a
progress bar must be in standard size (i.e. 114 or 120 pixels) with stating in the
documentation; otherwise, the program would experience failure when the main
dialog is opened. Therefore, the Nokia developer discussion forum is helpful in such
cases for figuring out solution during programming.
The following diagram shows the process of developing a Symbian program
written in C++ and running them in a real phone.
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Fig 2.2: Development cycle of Symbian program
Besides source code, MMP file, which is a metadata to describe the source code
and resources used (e.g. bitmaps and icons), is also supplied. Through C++ compiler,
app binary (for general application) or dll binary (for building library) is then
generated. Using emulator, application can be tested. After completing testing, the
source code and MMP file are compiled through cross compiler, possibly ARM
instruction compiler, would also give binary code. All the necessary files, including
bitmaps, images, icons and data file, would be grouped together through software
packaging. The resulting sis file should be transferred to actual handset using any
communication technologies, like Bluetooth and infra-red.
Some features of emulator are also stated here. The emulator allows developer to
know the statistics like memory used, heaps allocated so as to optimize their codes in
size and memory usage. Moreover, it has a mode to generate random memory
allocation faults, which would easily happen in handset with limited memory, so that
resulting application can really take this case into account (compared with writing
program for normal PC, it is not necessary to care memory usage).

2.2 Naming Convention in Symbian Program
Symbian OS has its own naming convention which is quite different from other

programming languages or platforms. The below briefly describes them. All variables
and class names always have a letter prefix as follows:
T: Type that do not have reference to external objects (e.g. TInt, TChar) which does
not have C++ constructor and destructor;
C: Class derived from CBase, where instance of C class is allocated on the heap.
Two-phase construction is required (e.g. CCoeControl);
R: Resource class (e.g. client connection) (e.g RArray);
M: Interface only (i.e. purely abstract) (e.g. MDesArray);
K: Constant (e.g KPi = 3.14)
i: Member variable (e.g. iMap)
a: Argument of a method (e.g. aFileName)
The reason why the naming convention is discussed here because it can again
show how Symbian handles limited resources. This naming convention would remind
developers to use appropriate types whenever necessary and to deallocate unwanted
resources (e.g. call Close() for R type objects and cleanup C type objects after use).

2.3 Special Programming Features for Mobile Phones
Symbian program has their own error handling framework and memory leak
prevention and they are investigated one by one.
2.3.1 Error Handling
Traditional C++ use try-and-catch statement for handling exception. However, in
Symbian, there is no concept about exception. Instead, all functions are defined as
leaving functions (with L postfix, e.g. RunL()) or non-leaving functions (without
postfix ,e.g. Draw()). When error occurs in leaving function, it will exit from the
function and call User::Leave() to ensure graceful deallocation of resources. For
non-leaving functions, usually library functions, they handle any error internally so
that the function caller does not need to take extra consideration about using them.
In addition, instead of conventional “new” keyword to allocate memory,
Symbian suggests the use of “new (ELeave)” instead because, by doing so, the system
would try to allocate memory with extra error handling to prevent any system crash
due to out-of-memory error.
2.3.2 Memory Leak Prevention
Usually, mobile phone would not be turned off or reset, in contrast to computers.

Therefore, if memory leak occurs, the problem would accumulate. Therefore, it is
essential to have memory leak prevention. By default, in the emulator, if there is
memory leak after leaving the program, it would generate kernel error, telling the
developer the occurrence of memory leak. A careful developer should avoid this
kernel error from happening before actually deploying the code.
Moreover, cleanup stack and two-phase construction may help in this issue. Once
fatal errors occur, memory is still kept in no leakage status.
2.3.2.1 Cleanup Stack
The cleanup stack addresses the problem of cleaning up objects that have been
allocated on the heap, where pointer to that piece of heap is an automated variable (i.e.
declare inside the function). For example,
void CTest::FunctionL()
{
CMyClass* x = new (ELeave) CMyClass;
x->DoSomethingL();
delete x;
}

The above code shows good programming practice to do allocation and
deallocation in pair. However, error may occur at DoSomethingL() and the function
FunctionL() would leave immediately. Therefore, the delete operation is not
executed, and the heap allocated by pointer x is still occupied the memory. The code
should be modified as follows to make use of cleanup stack.
void CTest::FunctionWithCleanupStackL()
{
CMyClass* x = new (ELeave) CMyClass;
CleanupStack::PushL(x);
x->DoSomethingL();
CleanupStack::PopAndDestroyL(x);
}

The highlighted code shows the use of cleanup stack. It would push the pointer x
into the cleanup stack by PushL(). Once DoSomethingL() encounters failure, the
cleanup stack would still hold the pointer of x and clear the heap when the program

exits. If the code runs smoothly, PopAndDestroyL()would pop the pointer out from
the cleanup stack and deallocate it.
2.3.2.2 Two Phase Construction
In object construction, memory allocation is extremely common. In fact, only
cleanup stack may have a potential problem. Consider the code again:
void CTest::FunctionWithCleanupStackL()
{
CMyClass* x = new (ELeave) CMyClass;
CleanupStack::PushL();
x->DoSomethingL();
CleanupStack::PopAndDestroy(x);
}

The cleanup stack handle memory leak properly if error occurs at
DoSomethingL(), but it x is not pushed into the cleanup stack at the moment of its
construction (since PushL() is called x’s constructor). If this fails, the code would
leave without having x in the cleanup stack. As a result, memory leak may still a
problem.
Thus, two phase construction is invented to prevent such situation. Besides
normal C++ constructors (first-phase constructor), a second-phase constructor
function, ConstructL(), is written also for extra memory allocation. These two
constructions would be wrapped up together as follows:
CMyClass* CMyClass::NewL()
{
CMyClass* self = new (ELeave) CMyClass; // first phase constructor
CleanupStack::PushL(self);
self->ConstructL();
CleanupStack::Pop(x);

// push into cleanup stack
// second phase constructor
// pop out from cleanup stack

return self;
}

Usually, first phase constructor would just copying the arguments and do not
perform any memory allocations of member variables inside (notice that the memory
allocation of “self” has been handled by new (ELeave) statement already). After

pushing “self” into cleanup stack, code for memory allocation of member variables
can be located here. It is quite clear that ConstructL() is clean-safe.
In addition, the first-phase constructor should be kept “private” in order to avoid
developer from using traditional C++ object construction.
The resulting code would be modified like this:
void CTest::FunctionWithCleanupStackL()
{
CMyClass* x = CMyClass::NewL();
CleanupStack::PushL();
x->DoSomethingL();
CleanupStack::PopAndDestroy(x);
}

2.4 Symbian Programs Developed
Before investigating into location-base services and location estimation methods,
some Symbian programs were developed for us to get familiar with Symbian program
development, which greatly differs from traditional Java and C++ programming.
The first one is Robot War, which is an unfinished game around robots. In Robot
War, different kinds of GUI components were used, such as progress bar, user menu,
container, dialog, text and bitmap drawing, GIF image decoding, etc. This is a great
progress for us to reduce development time, as we have experience, for later
application.
Another one is Nokia Square. It combines the game logic and object drawing.

Fig 2.3: The screenshots of Robot War and Nokia Square

2.5 Why Programming in Symbian?
There is another solution, J2ME, which allows a mobile platform independent
application. However, the consequence is still the performance problem and cannot
access to mobile phone specific functions that J2ME APIs do not cover.
The performance issue would be a great problem for J2ME application,
especially program with extensive GUI and screen drawing, such as mobile games.
However, in our project, the major concern is whether phone specific functions
are accessible. As shown in the title of the project, we would like to use GSM cell
information for location estimation. J2ME does not have related API to retrieve this
kind of information (because not all mobile phones allow developers to do so).
Although Nokia Symbian SDK hides those APIs also (which will be discussed in later
chapter), we have figured out some ways to tackle this issue for GSM cell data
retrieval. Therefore, at this stage, J2ME would not be in our consideration.

2.6 Conclusion
This chapter briefly introduced the features of Symbian OS. The measures to
tackle limited memory problem are also emphasized here, namely new error handling
framework, cleanup stack and two-phase object construction. It also showed the
programs that our groups have developed.
The major reason of using Symbian program instead of other solutions is the
ability to access phone-specific functions. As a result, other Symbian applications
would be developed in the entire project.
The next few chapters would introduce general idea of location-based services
and location estimation.

Chapter 3: General Location-Based Services
Location-based services, or LBS in short, refer to the services provided by
mobile operators based on location, including user’s current location and location of a
target. In fact, knowledge of user’s location can enable or enhance different
applications, such as fleet management, object tracking and routing. For example,
application may provide you information corresponding to your current location.
However, LBS can be released to ordinary users until all known issues have been
solved, including privacy. This chapter would give the overview of location-based
services, including the classification, system architecture, service requirement and
platform standardization.

3.1 Types of Location-Based Services
There are numerous of location-sensitive applications that people may think of.
In technical view, all location-based services can be classified as two types, namely
pull-based and push-based. These two types based on client-server model, where
clients may be wireless computing devices or mobile phones, while servers refer to
network operators or service providers.
Pull-based LBS describes the action that client (or client application) actively
asks server for location so that it can further deal with the returned information to
achieve certain goals. Positioning is a simple example of pull-based LBS. Users
would continuously request for where they are in the map so that they can go for a
specific places. Another example is the restaurant finder which people can find the
nearest restaurant around them. Pull-based service often involves object tracking.
Push-based LBS works in the opposite way: server side would locate the position
of client device through wireless connection so that server (or server application) may
use this piece of information to perform some tasks. On typical example is the
advertisement from mobile operator. When users travel overseas, say from Hong
Kong to Macau, operator would eventually detect this event and send advertisement
and information to users’ cell phones via SMS, telling users the price of international
calling. Usually, push-based service would be useful in location-sensitive content
distribution.

3.2 Location-Based Applications
In business or user perspective, location-based applications can be classified as
different types in terms of their use. The below shows several fields on which LBS is

applicable.
Emergency: The initial motivation of location-based services is to locate victim’s
position on emergency call in the United States. Originally, terminals of emergency
centre could only show the corresponding address of home or office lines. However,
there was no such support on mobile phone calls. Mobile phone positioning was
highly demanded.
Information-Oriented: Like the location-sensitive advertising example stated in the
“pull-based service” model, client location data is useful for network operators and
content providers to deliver suitable information, such as weather of that district,
surrounding traffic condition.
Navigation: Navigation is just positioning service with guidance to subscribers what
way they should go. One typical example is driving navigation system which provides
support to ordinary drivers. With very high accuracy, positioning devices, such as
Global Positioning System (GPS), could be used on military and war.
Billing Service: Applications under this field are often adopted by service providers
or resource owners. They provide some kinds of service, like car parking or public
transport, where charges are different at different locations. Keeping track of user
location within duration of service allows automatic calculation the overall charges.
Such billing service is usually a pull-based one.
Games and Entertainment: Location information can be inserted into game logic,
giving game developers high opportunities to design innovative games, especially
multi-player games. Virtual game, where factors of reality are put into the virtual
game world, may also be realized, including treasure hunt and role-playing game
(RPG).
Others: Besides the above, LBS could be used for the various purposes. For
administrative issues, managers may want to know where their employees are. People
can also keep track of their valuable belongings, such as vehicle and jewelry box, by
putting location-sensitive devices on them. Besides, LBS also helps network operators
themselves in terms of cell planning and network optimization. They can know the
distribution and usage of their customers so that they can change the base station
deployment and tune the configuration, like output signal strength, in a cost-effective
way.

Notice that different kinds of applications require different latency and accuracy.
For emergency, positioning or navigation purposes, the accuracy and timeliness are
the primary concern. On the other hand, only fair accuracy and latency is needed for
content providing or entertainment. However, one of tradeoff of getting good
performance is the cost. As a result, choosing a suitable positioning method or
technology, which will be discussed in later chapter, for a right purpose can make a
great deal.

3.3 Parties Involved in Location-Based Service
Different parties in the community play different roles, so do those in LBS
world.

Fig 3.1: Parties involved in location-based service industry
The above diagram shows the parties in the general LBS system. Network
operators, with the help of software or hardware from location technology providers,
own the subscribers’ location information through their base stations and wireless
networks. They would be omitted if users themselves could get the position data (e.g.
GPS). At the same time, other service providers may have location-related
information, such as detailed map and route (spatial content), real-time traffic
condition, yellow pages, etc. Therefore, enabling location-based services would
require the cooperation between these two parties. Then, application developer can
design their applications built on top of operators and service providers.

In the above diagram, target (i.e. the object that applications would like to keep
track, such as users and vehicle) and requestor (i.e. the one who wants to obtain
target’s location information) are the ‘clients’ in pull-based model and push-based
model respectively. Client should be regard all of the underlying structure as a black
box and enjoy the service.
Regulator refers the group that inspects how network operators use the location
information for privacy purpose.

3.4 Overall Architecture
After understanding the parties involved, the below would further show a
detailed LBS system architecture. Network operators would use different
measurements (e.g. TOA and E-OTD), which would be discussed shortly, to generate
location information. Service providers can be map engines or content servers.
Application developers can also join the system by setting up application servers or
XML servers for specific purposes. These three parties together form a LBS enabling
platform, which is illustrated below.

Fig 3.2: Overall architecture of a general LBS system
Users, then, can access the platform using different LBS-enabled devices (e.g.

mobile phones) through different channels (e.g. GSM telephony network).

3.5 Location-Based Service Requirements
Consider the scenario of TCP/IP, where security issue and quality of service
(QoS) were not considered into account at the time it was first introduced, request of
changes on protocol becomes extremely difficult as it had been already widely
deployed in the whole world. Therefore, to make location-based service to be
well-prepared for commercial use, the system design should be relied on certain
requirements.
Flexibility for All Parties: From the above discussion, one may observe that the LBS
enabling platform requires the cooperation between the three different units.
Therefore, good design of protocols between parties would be highly desired in order
to facilitate the development (e.g. good location API may enhance application
development), especially when the system is in large scale.
Quality of Service (QoS): Many people have heard of this term, which describes the
need of some guaranteed properties. In querying user’s location, requestor should be
allowed to specify desired accuracy or delay in order to have a particular service
working properly. Emergency tracking is a typical example that requires high
accuracy and minimized response time. The Federal Communications Commission
(FCC) in the US proposed the rule in which network operators must automatically
determine 911 callers’ locations with ±125 meters accuracy in 2/3 of all cases [5].
Therefore, QoS feature should be included to fit the desired purposes and even rules.
Platform / Technology Independent: LBS environment involves different platforms,
networks and positioning methods. If the information provided all of them require
different standards, application developers or content providers have to construct
different copies for different platforms / technologies and this would increase the
overhead of development. To allow developers and users enjoy different platform, the
LBS standard should be made platform / technology independent.
Roaming: Like mobile voice call, roaming should also be the standard of
location-based services so that applications can still work in different countries
(though the service price may have a difference). The location-based network should
have cross-operator as well as cross-platform capability. As a result, service provider
can also distribute the content in world-basis instead of limiting only to its country
while same application can be applied for different regions.

Privacy, Security and Regulation: Another major concern of LBS is the right to
know where a person is. If location information is used unethically, crimes (e.g. theft
and kidnapping) would happen more easily. To safeguard the privacy of subscribers,
protecting location information is vitally essential. Technically, location data should
be highly secured, in terms of their storage and transfer. Besides, authentication policy
should be held so that only permitted requestors can access location information.
Moreover, regulating authorities should watchdog how network operators handle
those data. That is why ‘regulator’ is also involved in LBS system.

3.6 The Need of Standardization
To achieve the above requirements, one of the solutions is to have standardized
protocol between requestors and LBS enabling platform. Open Mobile Alliance (OPM)
proposed an application protocol called Mobile Location Protocol (MLP). MLP
defines simple and secure access layers to query location information independent of
underlying communication standards, wireless network types and positioning
methods.

Fig 3.3 MLP request-response operation (left), MLP data format and layer definition
Other standardizations also exist in other parts. For example, JAVA platform can
be used for all client devices using location-based service API provided. The
communication between service providers and network operators can also be
standardized with the use of XML, the format designed to encounter the exchange of
a wide variety of data in the scalable internet.

3.7 Conclusion
This chapter presents the current situation of location-based services as well as a
general structure of LBS system. A list of requirement of LBS is also proposed in
order to meet future challenges. While different LBS applications require different
accuracy, the next chapter would have a discussion on various positioning methods
and technologies that gives their own advantages and disadvantages.

Chapter 4: General Positioning Methods and Current LBS
Technologies
When mobile device moves inside a wireless network, like wireless LAN or
GSM network, it would connect to the nearest base stations (or cells) (e.g. wireless
LAN access points). The location of these base stations in the device’s connection list
may somehow indicate the fact that the device is under the intersection of reception
regions of those base stations.

Fig 4.1: Mobile devices inside wireless networks with connections to base stations
Various location estimation methods are based on this idea. Basically, they differ
from each others by, but not limited to, accuracy and number of base stations involved.
Some general location estimation methods would be highlighted with also
state-of-the-art technology for positioning.

4.1 Region Estimation – Pure Cell Information
Some applications may require the location with a region, instead of a point.
Such method is easy to be implemented. The following covers one of the instances:
using unique base station information.
Each base station has its coverage (i.e. cell size). For a mobile device, the cell
that gives the strongest received signal strength would be the registered cell of the
device. By knowing the current registered cell, it is sure that the device is inside that
cell’s coverage.
Such method makes use of the base station coverage which is generally a great
circular region, which is not so attractive to application developers. However, this
method is extremely simple and only one base station is required. And these are the
beauties of this method. In the project, we would slightly modify the method and try

to make it practically in our application.

4.2 Point Estimation
For service that requires higher accuracy, a point is much more preferred.
However, practically, it is not achievable because error must occur (that is why the
word “estimation” is used). The tradeoff is that additional information is required. The
below would illustrate same standard methods for point estimation.
4.2.1 Signal Attenuation
Signal attenuation method makes use of the measured signal strength to estimate
the distance between base station and the mobile device. Basically, the received signal
strength, p (or the ratio of received signal strength to transmitted signal strength, UP),
decreases exponentially with the increase in distance from base station, r, as shown.

Fig 4.2: UP (without unit) against d (left), UP (in dB) against d (right)
However, signal strength itself would have different problems, like random
factor, obstacle attenuation, etc., which lowers the accuracy of such method.
With the above, one may only know the mobile device is at one of the points
within a circle with radius r. Therefore, more base stations are put into account in
order to obtain a point instead. Such method is well-known as ‘triangulation’, or
‘trilateration’ in formal.
The position can be determined by locating the interaction the three circles
generated by three base stations (as shown in Fig 4.3), where ri is the measured
distance from BSi, and (xi, yi) is the position of BSi. Thus, the position of mobile
device, (x, y), can be obtained by the following formula.

Fig 4.3: Trilateration calculation for signal attenuation and Time of Arrival (TOA)
4.2.2 Time of Arrival (TOA)
The estimation is based the round-trip time (RTT) of signal transmission to base
station and back to mobile device or vice versa (i.e. initiated by base station). The
distance, r, from base station is related to half of the RTT value. With also trilateration,
the position (x, y) can be obtained by the above formula.
The advantage of using TOA is that it does not any support network operators.
However, as it requires system-wide synchronization for TOA to occur (notice that
base stations only listen to signals at allocated time slots), accurate timing cannot
easily achieved. TOA clock inaccuracy of 1µs would introduce an error of ±300m [8].
4.2.3 Angle of Arrival (AOA)
In the above two methods, at least 3 base stations are required and more would
be needed to increase accuracy. However, in rural area where base station density is
small, the performance of those methods is suffered. To tackle this weakness, the
position of mobile device is estimated by angle of arrival.
To use such method, base stations have to be equipped with sophisticated
antenna arrays. The angle of the incoming signal can be known due to electronic
steering of the arrays. Thus, the interaction between at least two lines of bearings
(with angle Өi) from base stations can then locate the position of mobile device (see
Fig. 4.4) The selling points of AOA are that it does not require accurate timing
reference and synchronization, and only two base stations’ bearings are enough.

Fig 4.4: Angle of Arrival (AOA) (left), hybrid method (right)
However, in return, the cost of the base station increases because of the antenna
arrays. Moreover, a good but complicated AOA estimator algorithm is required in
order to have accurate angle measuring.
4.2.4 Hybrid Method
The hybrid method is more advanced. Both TOA and AOA measurements are
used, giving the distance r1, and the angle Ө1 respectively. Therefore, with exactly one
station, the position (x, y) can be calculated. In practice, more base stations would
give a better estimation.
4.2.5 Common Sources of Errors for Point Estimation
The most common sources of errors are due to multipath propagation, low cell
density and accuracy of base station location itself.
Multipath propagation is the error typical raised in urban area, or even indoor
area, where signals have to pass through obstacles like buildings. Those obstacles
would invoke additional copies of transmitted signal, which would cause delay and
interference. Receiver side does not know which is the correct “line of sight” signal it
has to pick up. This would introduce error in both TOA and AOA measurements.

Fig 4.5 Multipath Propagation

At low cell density (e.g. rural area) and the relatively large cell size, the accuracy
would significantly drop due to the lack of base station references, which is more
serious than the error by multipath propagation.
As all the calculation is based on the location(s) of base station(s) involved in
both trilateration and AOA calculation, the accuracy of base station itself is the
important key of accuracy.

4.3 State-of-the-Art Technologies
The above are just general methods that apply to all kinds of wireless networks
have base stations for reception. However, each wireless network or technology may
have its specific features that facilitate positioning, such as E-OTD and A-GPS. Four
of them would be introduced in the following, namely Global Positioning System
(GPS) as well as Global System for Mobile Communications (GSM).
4.3.1 Global Positioning System (GPS)
4.3.1.1 How GPS works
GPS is a satellite-based positioning and navigation system, which is originally
designed for military use. The positioning method of GPS is similar to TOA, while
base stations involved are those 24 satellites in the orbit. GPS compares time a signal
is transmitted to satellite with the time it is back to the device. By using trilateration,
position (latitude, longitude) can be calculated with at least three satellite references.
To locate three-dimensional position (i.e. with also altitude), at least four references
are required.

Fig 4.6: Illustration of how clustering of satellites would generate errors. Small
tetrahedron formed would enlarge the resulting error in a greater extent for the same
measurement error

The error of GPS measurement comes from ionosphere and troposphere delays,
multipath propagation, receiver clock inaccuracy, geometric dilution of precision
(GDOP) and selective availability (SA). GDOP varies with the geometric location of
those satellites in which the closer the satellite references are; the larger the error the
measurement would enlarge. Selective availability refers to man-made error the US
Department of Defense for safety reasons.
Nowadays, multi-channel of GPS signals is allowed so that GPS device can
handle more than 12 parallel satellite signals at a time (recall that more satellites
would give higher accuracy). Differential GPS would further raise the accuracy
because ground base stations are also involved in GPS measurement to correct the
error.
GPS is suitable for applications that require both high precision and velocity
estimation. Driving navigation is a typical example.
4.3.1.2 Short-Coming of GPS
The following shows the short-comings of GPS so that GPS cannot be adopted
used by ordinary users as LBS solution.
Poor Indoor and Urban-Area Capabilities: GPS works based on satellite signals.
However, those signals would be weaken by building, vehicles, etc. when it is used in
urban area. Those signals would be nearly blocked in indoor environment. Thus,
locating one’s position is difficult in these areas.
High Power Consumption: One of the main concerns for mobile devices is limited
power supply. Anything designed for mobile device may try to keep power
consumption low in order to have long operating time. In contrast, GPS generally
consumes high power. As a result, it may not be used critical LBS, such as emergency.
Cost: Although it is free to use the positioning services provided by those 24 satellites,
the hardware cost of making a mobile GPS device is still expensive and may not be
affordable by mainstream users.
4.3.2 Global System for Mobile Communications (GSM)
GSM is one of cellular radio network that commonly used for mobile telephony.
It makes use of time division multiple access and digital technology for voice
transmission. Efficient voice encoding and nice data rate to information content radio

make GSM become one of the major standards in the market.
It has several points to note:
1. Most of the people have GSM-capable mobile phones nowadays so that LBS can
be available by ordinary mobile phone users.
2. The above techniques, namely pure cell information, signal attenuation, TOA and
AOA, still hold in GSM networks, while GSM cell information and GSM TOA
are commonly used.
3. The positioning performance varies with cell deployment (e.g. different cell
density for urban area and rural area).
4.3.2.1 GSM Cell Information
Each base station contains unique cell identification which is accessible by
mobile phone itself. Identification includes location area code (LAC) (or location ID)
and cell ID (CI). Such method is simple and does not require the help of telecom
company. However, the consequence is that the accuracy is only fair and highly
dependent on cell deployment.

Fig 4.7: Region ensured by using the technique of GSM cell information for normal
cell site and cell site with sector (shaded in dark green)
4.3.2.2 GSM Time of Arrival (TOA)
GSM TOA requires mobile phone itself to trigger access bursts to base stations in
order to get round-trip time through signal timestamps from surrounding base stations.
With trilateration, the location of mobile phone can be restricted to a point or smaller
area as shown before. Nevertheless, such technique requires base station
synchronization and positioning is only available during calls (i.e. it cannot perform
positioning when the phone is idle). Also, if GSM-TOA is used by a large number of
users in a particular region, base station work load would increase drastically and this
would affect the normal voice communication service. The situation can be made
better if high data rate GSM network is allowed (EDGE or 3G).

Moreover, if TOA is initiated by mobile phone, only new mobile phones can do
so. Therefore, usually, TOA is started and calculated by base stations to ensure
handset independent. As a result, the cost of base station and overhead to base
station’s normal operation are both increased. Network operators would not prefer this
because this requires affect the voice communication quality to their customers.
4.3.2.3 GSM Enhanced Observed Time Difference (E-OTD)
GSM E-OTD methods can highly increase the performance by observing the
time difference of signal. From the diagram, one may find that the mobile phone only
needs to interact with a serving cell site. Assistance data, including (but not limited to)
a list of surrounding base stations to be scanned and frame offsets between these base
stations, would be returned to mobile phone. Mobile phone would then scan all the
recent transmissions from neighbour base stations and observe the timing differences
through built-in position calculation and training function.

Fig 4.8: GSM E-OTD in operation
As the timing reference is no longer a significant problem (that is why
“enhanced” comes), E-OTD would have a distinctive accuracy among the above (see
Appendix). Meanwhile, new function should be supported by mobile phone itself and
E-OTD phone is expensive. Also, there may be slight impact on current network
infrastructure to make E-OTD compatible (e.g. positioning query from mobile phone
has to be supported).
4.3.2.4 GSM Assisted GPS (A-GPS)
This method is the hybrid of GPS and GSM technologies. Cell phone is equipped

with GPS device that receives GPS satellites signal, while the information flow is the
same as GSM E-OTD. The built-in location calculation functions make use of both
trilateration calculation on GPS signals and assistance data from serving cell site.

Fig 4.9: GSM A-GPS in operation involving GPS satellites and a serving cell site

1.
2.
3.
4.
5.

The procedures are listed below:
The phone obtain signals from three or more satellites;
It calculates position via trilateration from GPS received information;
It sends the position estimated to a cell site;
The serving cell site would return necessary assistance data back to the phone;
The phone determines the position by internal E-OTD functions.

Such method improves the former methods a lot:
1. Most of the A-GPS implementations would generate less traffic on GSM network
because of less data flow between handsets and base stations (because the GPS
estimated position would filter out redundant cell information needed from base
stations).
2. Accuracy improves much, usually up to 100 meters for urban areas and 10m for
rural areas (notice that GPS well-performs in open area).
3. Such method also provides good velocity estimation.
4.3.3 Phone Support for Advanced GSM Positioning Methods
As mentioned before, some methods, like E-OTD and TOA initiated by the
mobile phone itself, require special support on the phone. The below shows some of
the ways to let location-based information be transferable to the handset.

4.3.3.1 Modified SIM card
SIM (Subscriber Identity Module) card is a necessary component of GSM to
store network registration data (e.g. telephone number registered). Introducing new
fields stored in the SIM card, location-based information can be transferred to and
from mobile phones.
Those fields are often designed by telcom company, or telco in short, and
application development team together so that developers can use the API provided.
The problem is that location data is telco dependant.
4.3.3.2 Third Generation GSM (3G / 3GSM)
3GSM represents the third generation mobile communication system based on
GSM technology. It aims to link the wireless world with internet and computing by
offering high data rates as well as IP-based internet access.
In 3GSM, location information would be included in the standard also. The
internal techniques selected may be TOA or other advanced methods. Combining high
data capability, more innovative location-based services is allowed, like
location-based video streaming. However, a long period of time is required for 3GSM
system to replace the current GSM network.

4.4 Why Using Pure GSM Cell ID Method in the Project?
After introducing the strength and weakness of different GSM positioning
methods, we decide to pick GSM cell ID method in our project.
Firstly, we choose GSM because most of the phones are GSM-enabled so that
ordinary users can enjoy LBS with just their phones. GPS and A-GPS, which are
expensive in price, are not suitable for ordinary subscribers.
Secondly, other methods require the support from telco because of the
involvement of extra communication between base station and mobile phone other
than voice transmission, like AOA and E-OTD. On the other hand, obtaining only cell
information does not need help from telco.
Thirdly, although TOA initiated by handset does not require the need of telco
also, the up-to-date mobile phone operating system, such as Symbian OS, would
prefer to hide the list of surrounding cells in reception and their details, like
timestamps. On the other hand, cell ID method requires only current registered cell

information. Moreover, TOA method is only available during calls while cell ID
positioning method is always available, provided that the phone is turned on.
However, although using pure cell information for position has the advantages of
simple implementation, no extra cost and only current registered cell information
required, the accuracy is really suffered, especially with large cell. The entire project
would try some ways to improve this weakness.

4.5 Conclusion
General positioning methods, such as TOA, AOA, etc., were introduced. They
could be applied in any wireless networks, like WLAN and Bluetooth, with different
accuracy and weakness. World-wide positioning technologies, namely GPS and GSM,
and advanced positioning methods specific to GSM, including E-OTD and A-GPS,
were presented also. The chapter ends up by stating the reasons why GSM cell ID
method is selected in our project.

Chapter 5: GSM Cell ID Collection Methods
The next step is to obtain cell information for studies and developing
applications. Without the help of telco, we have to gather the cell information, store
them and let the application to interpret them within the mobile phone. Two
traditional methods and our cell ID collection method are stated here.

5.1 Communicating with GSM Modem
GSM phone consists of a GSM modem an interface for underlying GSM
communication. If, by some means, one can communicate with GSM modem, GSM
cell information can be retrieved.
GSM modem inside the phone uses a set of ‘AT commands’ for instruction,
similar to current 56k PC modems. The below shows the general structure of GSM AT
command flow.
AT Command

Modem
Terminal

GSM
Modem
AT Response

Requestor

Module Control

GSM
Module
Module Status

GSM Network

Fig 5.1: General structure of controlling GSM communication through GSM modem
Modem terminal is an external hardware or device, such as PDA, that can
communicate with GSM modem. AT commands and responses flow through some
communication channel, including serial cable (RS-232) or infra red. Then GSM
would translate the request or redirect the response to GSM module, eventually sent to
GSM network.
The AT command of retrieving network information varies slightly for different
brands of mobile phones. However, the common network registration AT command,
‘AT+CREG?’ is based on the common standard GSM 07.07 specification [15] and
most of the phone manufacturers follow it. The following shows the scenario of using
a Pocket PC as terminal connected with handset through serial cable:

Fig 5.2: Obtaining current cell information using AT command and response (left)
(where <n> and <stat> state the network connectivity status), picture of the setting of
communicating with GSM modem inside the phone (right)
The above hardware setting is quite complicated and information collector has to
write a program to automatically generate AT commands dumping to the serial cable.

5.2 Using Internal Phone Engineering Mode
Some of the phones may have ‘engineering mode’ for experienced users. Of
course, general users would not have temptation to look into it. The engineering mode
would differ from phone to phone, giving different pieces of information.
For example, traditional engineering mode of Nokia phone can be activated
through PC software. The below shows the snapshot.

Fig 5.3 Nokia phone engineering mode
Although no other hardware involved (only the phone itself) for collecting cell
information, manual recording, say with pen and paper, is needed because there is no
way to store those data inside traditional phones.

5.3 Using Symbian API
Symbian phone is a programmable phone so that developer can write their own
programs to do whatever the operating system allows. Therefore, if Symbian OS itself
does provide some APIs for accessing GSM information, the collection can be
hardware-free and the cell IDs recorded can be stored into the phones (no manual
recording required).
5.3.1 Problem Encountered and Solution
However, the problem is that current SDK and documentation do not mention
such API. As mentioned in earlier chapter, mobile phone operating system, such as
Symbian OS, would like to hide all hardware information from both users and
developers.
After searching from the web [19], we found that it is possible to do so. It was
figured out that the library in the mobile phone actually had such APIs, but the SDK
did not have such routine for developers to call. Finally, we obtained a header file,
which was from earlier version of SDK, from other experienced Symbian
programmers and access to the GSM cell information.
5.3.2 Symbian Application - GSM Status
The below is the application, GSM Status, showing the current registered cell
information, including location ID, cell ID and received signal strength.

Fig 5.4: The snapshots of a Symbian application, GSM Status. Detecting current
registered cell information (left) and menu of GSM Status (right)
GSM Status also requires the use of timers and active objects, a Symbian term to
describe thread-like objects, to refresh the cell information periodically and handling
the time-consuming signal strength retrieval routine.

5.4 Conclusion
Traditionally, people collect cell information by either sending AT commands to
GSM modem inside the phone or invoking phone engineering mode. However, the
outcomes are that complicated hardware settings and manual data recording
respectively. In our project, a Symbian application, GSM Status, was made for solely
cell ID collection after hacking the SDK and getting into hidden APIs.
This part also illustrates a very important feature of Symbian OS: programmable
capability. Developer can directly interact with the phone functions (GSM network
module in this case). This cannot be done in the past (people have to write programs
on other devices, like Pocket PC, and transfer data with the phones) and no user
would use bring complicated hardware with phones to enjoy the application.

Chapter 6: Enhancing GSM Cell ID Positioning Method by
Using Cell Change Event
In Chapter 4, it was shown that GSM cell ID positioning method has several
advantages, including simple implementation, no extra cost needed, no support from
telco and only current registered cell information required. These fit our project
motivation tightly. However, such method would only telling “which region the
device is in”, rather than “where the device is” – it is a region-based location
estimation, unlike TOA and AOA which are point-based.
While many people may stick on using cell ID purely, we would try to use
another view to look into this positioning method. In fact, using cell change event
would provide more information.

6.1 Problem of GSM Cell ID Positioning Method
The following would have a discussion on the inadequacies of using this
approach, namely limited information and reliability.
6.1.1 Limited Information Provided
This method based on which cell the phone is current connecting to. The major
weakness is that information depends on the cell size. With large cell size (and low
cell density), the returned information may be even useless.
Imagine there are only three cells (Hong Kong Island + Lautau Island, Kowloon
and the New Territories). GSM cell ID positioning is only able to locate the device
either in the given three locations. There is no way for people to know more. However,
if there are more cells (e.g. each district has a serving base station) information
obtained can be constricted to lower level (e.g. district level in this case).

Fig 6.1: Fictitious scenario: Hong Kong with only three cells

The source of the problem is that using pure cell information is a region-based
estimation in which information content is limited by the cell size and density.
6.1.2 Low Reliability of Registered Cell
The cell which gives the mobile phone the highest received signal strength would
be chosen as current registered cell among all neighbour cells. However, the received
signal strength depends on the signal attenuation of surrounding obstacles, so current
registered cell is different from time to time. There is no guarantee that, at a particular
position, the device must have the same registered cell, especially when coverage
regions are highly overlapped to each other.

Fig 6.2: Illustration of overlapped cell coverage
From the above figure, the target handset is located under the overlapped
coverage of cell 1, 2 and 3. All of them are inside the list of “neighbour cells” in the
phone. At different time t, different cells would be registered due to varying received
signals. If the internal database mapping states that, for example, cell ID 1 represents
location A only, the service would become unreliable because the system would never
recognize the device is in location A when registered cell is 2 or 3.

6.2 Cell Change Event
To obtain more information, the idea of cell change event is proposed. Cell
change event refers to the moment when there is a change in current registered cell.
The cell change event from cell 1 to cell 2 indicates that the received signal strength
from cell 2 is higher than cell 1. As a result, more information is offered and, more
importantly, a more reliable positioning is provided.

6.2.1 Transition Information Offered
By listening to the cell change event, as a result, two extra pieces of information
can be deduced from a particular cell change event.
1. The target device is entering / leaving a “boundary” at that time.
2. The transition information can also be provided (i.e. from 1 region to another
region).
The below scenarios show the difference from pure cell ID detection. When two
mobiles entering the purple region in different directions, the cell change event is
different (pink region  purple region and yellow region  purple region). More
information provided can distinguish more discrete “locations”. Compared with pure
cell ID detection, two scenarios would give the same piece of conclusion: two cell
phones are both in the purple region.

Fig 6.3: Different transitions can be deduced by different cell change events
As a result, the table that stores location-cell ID mapping would be modified into
something like the following.
Cell ID

Location

Old Cell ID

New Cell ID

Location

1
2
3
………….

A
B
C
………….

1
1
2
2
3
3
………….

2
3
1
3
1
2
………….

A1
A2
B1
B2
C1
C2
………….

Fig 6.4: Different location-cell ID mappings used by pure cell ID detection (left) and
cell change method (right)

6.2.2 Reliability Improvement
However, the main beauty of this approach is not simply the transition
information. Instead, the main feature is to figure out the boundary relatively reliably
and accurate timing. As mentioned in former section, signal attenuation would lower
the reliability of positioning. It is guaranteed that when the original cell cannot offer
the device with enough signal strength, it would be replaced by another “better” cell.
Therefore, provided that the target device is moving across the boundary, cell changes
would probably occur. This piece of information is more consistent than “When the
current registered cell is XXX, the mobile phone must at location YYY”.
Therefore, the cell change event could figure out the moment that the phone is at
the boundary of the new registered cell’s coverage as following (In practical, the
“boundary” is irregular in shape, but not circular). The estimated position becomes a
line (possibly a thick line) rather than a great region.

Fig 6.5: The positioning region that two approaches would indicate: pure cell ID
detection (left) and cell change method (right)
However, one point should be emphasized here. Cell change method can only
perform positioning at the boundaries only. It cannot give any indication when the
device is inside the cell area.
Moreover, unfortunately, the boundary would not be fixed forever. Due to the
regular adjustment on cell size (i.e. signal strength transmitted by each base station)
by network operators to optimize the operating cost, the boundary would be varied
from time to time. Therefore, regular update of location-cell ID mappings is
necessary.

6.3 Hybrid Method
However, as the improvement using cell change event is only applied at cell
boundaries only, both methods stated above can be combined together. In fact, using
both of them would not be any conflict since cell ID detection concerns the current
information while cell change method considers the moment at which registered cell
changes. Therefore, in our MTR Traveller project, which would be introduced in later

chapters, pick both of them for location estimation.
The consequence is that two separate tables are necessary to store all information:
one for location-cell ID mapping and another for location-transition mapping as
shown in Fig 6.4, which may be a storage overhead when location-base service is
applied in large area, like whole Hong Kong.

6.4 Conclusion
The cell change event provides transition information and performs location
estimation in a more reliable way. However, as cell change event is applicable at the
cell boundary, hybrid method becomes a new consideration. In the next few chapters,
there would be experiments on using GSM cell ID positioning.

Chapter 7: Understanding Cell Distribution in
Two-Dimensional Space – Experiments in CU Campus
After GSM cell data collection application, GSM Status, had been available,
experiments were performed in the CU campus in order to understand more about cell
distribution and to clarify our initial expectation on GSM network. By drawing the
predicted cell distribution (“predicted” is used because we do not know exactly where
the base stations are located), the accuracy of location estimation using proposed
method can be known.

7.1 Initiative and Expectation
Without seriously compare with other existing methods available, such as GSM
E-OTD and GSM A-GPS, we think that using pure cell information is sufficient to
locate which region the device is in the CU campus.
Another initiative is that we would like to collect the cell information in order to
find out the possibility of reverse-engineering the actual locations of all base stations
in the campus, which would be invisible to ordinary mobile phone users.
To actually prove the above, a series of experiments was done by using GSM
Status. Besides, there were some other expectations before performing the
experiment:
1. GSM cells inside CU campus were of similar sizes and all of them are micro-cells
(100m to 1000m). If so, the error of location estimation can be bounded by some
values.
2. Those cells would have small overlapped area with other cells so that error due to
multiple registered cells at a particular location could be ignored. This implies that
each cell would occupy a distinct area that others are not responsible for and this
makes the positioning becomes simpler. Small overlapped area also implies that it
should not have the situation that a large cell covers a small cell.
3. There would be in different shapes that cannot be easily controlled. This
expectation appears because a simple hexagonal shape to represent the
geographical coverage of base station antenna [20].

Fig 7.1 Hexagonal cell site is common description of cell coverage because circular
shape would introduce gaps or overlapping areas
4. The altitude of a specific location would not affect the result (e.g. the registered
cell at a specific location would be the same with different altitudes). Thus, this
experiment concentrates on two-dimensional domain only.

7.2 Experiments in CU Campus
Two different measuring methods would be used: static method and cell change
method. They are based on two positioning methods (i.e. pure cell information
collection and cell change event collection) mentioned in the previous chapter.
7.2.1 Static Method
The so-called static method means that data recording is done at a number of
points in the campus. The experimenter has to wait at a particular location for a
sufficiently long period of time (e.g. several minutes) to observe the variation of
current registered cells and received signal strength. The cell that has the longest time
of registration would be marked as representation of that location. Consequently, the
distribution of cells can be roughly estimated by those points.
The number of selected points must be sufficient large enough to determine the
cell distribution and locate the cell boundaries clearly. Therefore, the key point of
doing this experiment is that the selected should be dense enough to cover the whole
map. The most ideal case is that all the points (in fact, there are infinitely many) in the
map can be measured so that the cell distribution of the campus is able to be figured
out eventually. However, it is practically not possible and sometimes not necessary
because non-overlapped region would have only one cell registered.
Another disadvantage of doing so is that it would take a long time to collect
enough information. If the number of selected points is large, it may take even several
days to accomplish the task.
The experiment was done using Nokia 7650 mobile phone, embedded with GSM

Status application, with SmarTone as the network operator. The locations interested in
this experiment were the public spaces in the campus, including four college and
central campus. To increase the accuracy of measurement, the experiment was
performed 5 times in total between September 2003 and October 2003.
The experimental result would be shown at Section 7.2.3 for easy comparsion.
For simplicity and easy reading, not all of the points measured are shown in the map.
7.2.2 Cell Change Method
As mentioned in the previous chapter, using GSM cell change method can
determine the boundaries of cell coverage. This experiment is based on that idea to
capture the cell change events instead of measuring at static locations. The
experimenter has to walk around the campus and record all the cell change. By having
enough identical cell change events, a cell boundary can be shown, instead of the
received signal strength at the specific points. The below shows an example. The
given four cell change events are identical (i.e. indicating that the phone moved from
the pink cell to the purple cell). Therefore, it can make a reasonable estimation that
the blue line is part of the boundary of purple cell’s coverage.

Fig 7.3: Determining a boundary using cell change method in our experiment
The challenge is that the practical possibility of entering a cell for from all
directions without the knowledge of actual location of a cell. Also, notice that there
are numerous of cells that the experimenter has to enter. Therefore, the path selected
in the experiment cannot be preliminarily planned.
This experiment could be accomplished in a smaller amount of time, compared
with the static method mentioned previously. With the same equipment, the
experiment was held in October 2003 with another network operator in Hong Kong,
Peoples. Again, the measurement was repeated for 5 times to obtain more reliable
results. The result would be placed at next section for easy comparison.

7.2.3 Experimental Results and Observations
The experimental results give us more understanding on GSM networks and the
inadequacies of proposed GSM positioning methods in two-dimensional region. By
the cell data recorded, the distribution of cells and cell coverage were roughly
estimated (by grouping the marked cells for static method and by showing the
boundaries of all the cells involved for cell change method).

Fig 7.2: Experimental result of static method for SmarTone in the campus

Fig 7.3: Experimental result of static method for Peoples in the campus

Fig 7.4: Estimation of cell distribution and coverage for SmarTone in the campus

Fig 7.5: Estimation of cell distribution and coverage for Peoples in the campus

Notice that the above estimations only present the cell coverage as circle but, in
reality, the cell coverage does not have definite shape.
It is observed that there are number of contradictions with our initial expectations.
Firstly, cells vary greatly in size as shown in the diagrams, but most importantly, the
extent of overlapping is so high that we cannot expect (there is even a situation that a
large macro-cell encapsulating a micro-cell – completely overlapped). With high
extent of overlapping, only using cell ID itself for locating is practically unreliable, as
stated in Section 4.2.1, while cell change method can only be applied on boundaries
only (Section 4.2.2).
Secondly, as the CU campus is not an urban area indeed, network operators
would fill the campus with few cells in a loose manner to minimize the cost. As a
result, the GSM cell size is quite large for accurate positioning.
Thirdly, the altitude of location also makes a difference and this is out of our
expectations. For example, in Ho Sin-Hang Engineering Building, the registered cell
ID would be kept at 30852 on 1st floor. Nevertheless, it would be 32122 or 5812 on
higher floor, like 9th floor, and cell ID 30852 would never show up. Therefore, cell
ID-location mapping may need to store altitude also, generating storage overhead for
large area positioning (e.g. Hong Kong).
Another observation is that the cell distribution can somehow determine the
positioning performance for different mobile operators. By comparing the given two
cell distributions by network operators, the main difference is the number of major
cell involved and their cell coverage. SmarTone would keep their cell sizes small and
densely deployed over the campus, compared with Peoples. Therefore, it can also be
concluded that GSM positioning depend tightly on the cell deployments of different
network operators.
The experiment can also indicate the difficulties of reverse-engineering the
actual location of base stations. The cell size is large, resulting in enlarging the
measurement error. Irregular cell shape and high degree of overlapping would garble
the estimation.

7.3 Conclusion
The proposed GSM cell ID location estimation cannot work well with
two-dimensional space, especially in the conditions of large cell size, irregular cell

shape and high extent of overlapping. All of these observations make us giving up our
initial plan to provide location-based service in the campus and reverse-engineering
the locations of base stations. However, another idea can be raised: using GSM cell
ID in one-dimensional scenario (i.e. a line or a route). There would be a detailed
discussion in the next chapter.

Chapter 8: Using GSM Cell ID Positioning Method on
One-Dimensional Path – MTR Traveller
A number of factors, such as cell overlapping, would make the initial plan of
applying GSM cell information location estimation in the campus unrealizable.
However, the cell change method can really improve the reliability at cell boundaries
and offering more information. Finally, it is figured out the key is limiting the region
of interest into a one-dimensional area (i.e. a line).

8.1 Initial Observation
While the series of experiments in the CU campus showed the inadequacies of
pure cell ID detection and cell change method, another rough investigation was held
for MTR and KCR railways. For stations in subway, such as Mong Kok and Prince
Edward MTR stations, there was exactly one cell ID change between two stations in
subway as shown. This event can tell users that they are on the way from station 1 to
station 2.

Fig 8.1: Observation of cell ID change in MTR stations in subway
This raises the idea of using cell change method in one-dimensional path.

8.2 Working Principle
The idea is illustrated in the following figure.

Fig 8.2: Illustration on applying cell change methods on a path

Consider the route from cell 1 via cell 2 and cell 3, as indicated by the black
arrow. Recall that cell change event would occur at cell boundary, where signal
strength of current registered cell is weaker than that of another. Therefore, cell
changes would take place at locations specified by red dots. Therefore, in the journey,
the mobile phone would experience two cell changes. The main idea is that by the
occurrence of the cell change events 1  2 and 2  3, it may be possible to identify
the mobile is moving in the specified path.
The diagram in Fig 8.3 would also intuitively show why the power of cell change
method in handling a path. It was known that cell change method can locate target
device at the cell boundary. Usually (but not always), the path cuts the boundary at
two points. Therefore, the problem can be resolved into a point estimation of specific
cell changes (i.e. the intersections of the path interested and the cell boundary).
Therefore, the below shows how our method evolutes for accuracy improvement.

Pure GSM
Cell
Information
Location
Estimation
(Region
Based)

Detect registered
cell change
occurred at cell
boundary

GSM Cell
Change
Method
(Boundary /
Line Based)

Only specific cell
changes
(intersections
between the path
and the boundary)

GSM Cell
Change
Method in
1-D Path
(Point
Based)

Fig 8.3: Proposed GSM positioning method improvement from using pure GSM cell
ID and cell change method to cell change method in 1-D path

8.3 Limitations of the Idea
However, two problems had to be solved. The first one is that there exists more
than one path (theoretically, infinitely many paths are possible) giving the same
combinations of cell change events (Fig 8.4 left). Another challenge is that multiple
cell change events may occur other than those interested (Fig 8.4 right).
The first one somehow points out the limitation of the idea: the path should not
have a great variation or even fixed. The problem can be minimized if:

1. The cell size is sufficiently small for the application using this method (it is based
on the requirement of application);
2. The overlapping boundary arc between two cells is small enough. It is because the
problem is due to having multiple paths having SAME cell change combination,
which, in turn, depends on the length of overlapping boundary arc that allows
multiple lines. Small arc would have smaller number of lines

Fig 8.4: Multiple paths having the same cell ID change combination which occur only
on the overlapping arc between cell sites involved (left), other cell change, indicated
by green dots, may also occur (right) compared with Fig 8.2
The second problem is generally unavoidable, even though the path is fixed and
has been already known. There are quite many other cell change events possible,
provided that the received signal strength of the old cell is lower than that of the new
cell. The ultimate solution is that more data collection trials have to be done to figure
out all the cell changes possible in the specific path.

8.4 Symbian Application Using the Proposed Method – MTR
Traveller
MTR Traveller is the application that aims to perform station positioning in
BOTH MTR stations and KCR stations (do not mislead by the name because MTR
Traveller is initially for designed for MTR stations only) after the idea of using GSM
cell change method on route. The following sections would investigate into the
development of MTR Traveller.
8.4.1 Strengths of the Proposed Method on MTR Traveller
It was stated in Section 8.1 that the initial observation of this proposed method is

from MTR stations in subway. While in Section 8.3, we figure out some limitations of
the method. Using the method in MTR Traveller can fit the necessary conditions:
1. The path travelled by MTR (i.e. the MTR railway) is fixed in location and it
would not change with time. Therefore, the problem of multiple paths can be
ignored.
2. As mentioned before, in between two MTR stations in subway, there exists
exactly one cell ID change. The case of numerous cell changes scattering along
the path would not happen.
Therefore, the use of the proposed method can suit our application well.
8.4.2 Hybrid Method on Stations in Open Area
For stations in open area, the resulting problem cannot be solved so easily as
those stations in subway. It is because many different base stations are involved in
between two stations. With large number of cells and high degree of overlapping
(even a macro-cell encapsulating a micro-cell), the cell detection can be confused of
the device direction.

Fig 8.5: Multiple cells between two stations
Moreover, there are multiple cells in station platform also because station
platform is long enough to be covered by more than one cell site (e.g. station 1 in Fig
8.5 is covered by both brown and blue cells). Therefore, we cannot simply use a cell
ID to map a station.
Therefore, as mentioned in Chapter 4, hybrid method, where both pure cell ID
detection and cell change method are combined together, can be applied here. As a
result, two types of data would be required, namely station cells (mapping for pure
cell ID detection) and transition pairs (mapping for simplified cell change method).
Station cell set collects the entire cell IDs possible to involved with the station

platform; Transition pair set stores all cell changes that would occur in between two
stations. An example would be accompanied in the following for explanation.

Cell ID: O
[S1, O] => in
Station 1

Cell ID: OB
[S1, B] => in
Station 1

Cell ID: BP
[S1, S2, B, P] => on
the way of S1S2

Cell ID: PG
[S1, S2, P, G] => on
the way of S1S2

Fig 8.6: MTR Traveller using station cells and transition pairs for station positioning
where O = Orange, B = Blue, P = Purple, G = Green
Station cells indicate the fact that it is at station (e.g. current registered cell ID is
O and [S1, O] in station cell set imply that the train is at station 1). Transition pairs
indicate that the train is on the way between two stations and the sequence of two
cells would indicate the direction (e.g. transition pair [S1, S2, P, G] with cell ID B 
P imply that the train is on the way from station 1 to station 2; transition pair [S1, S2,
P, G] with cell ID P  B imply that the train is on the way from station 2 to station 1).
As a result, station positioning for open area can still be realized. This implies
that both MTR and KCR can work under the same principle.
8.4.3 Data Collection in MTR and KCR Stations
Before the implementation of MTR Traveller, the collection of cell information
along both MTR and KCR railway is necessary. Again, the task was accomplished
using our Symbian application, GSM Status. SmarTone, Peoples and Sunday SIM
cards were involved in this data collection between October and November 2003.
The below presents the data in graphical form for convenience. Here the cell data
of SmarTone in both MTR and KCR stations are selected for discussion of the results.
The remaining cell data is put in the part of Appendix. The data collection aimed to
illustrate the idea of the distribution of cells at this stage. Therefore, data was not
collected for some of the MTR lines, like MTR Tung Chung Line. Moreover, the cell

IDs were collected for more than 5 times for data reliability reason.

Fig 8.7: Cell IDs of selected MTR stations for SmarTone

Fig 8.8: Cell IDs of KCR stations for SmarTone between Kowloon Tong station and
University station

From the above diagrams, it illustrates the difference between stations in subway
(e.g. Mong Kok and Prince Edward MTR stations) and stations in open area (e.g.
Kwun Tong station and all KCR stations). For stations in subway, only one station cell
was required to be recorded; for stations in open area, a series of cell changes occur
and they were recorded as transition pairs. The result was similar to what we
expected.
8.4.5 MTR Traveller Implementation
As mentioned before, cell information is stored as station cell set (i.e. station file)
and transition pair set (transition file) for processing. They are inserted into a table in
database engine as efficient data storage. Moreover, the railway maps of both MTR
and KCR are also necessary as the input data file of MTR Traveller for the user
interface and they are stored as real-time data (e.g. 2-D data array). The user interface
is for presentation of current station and transition. The main MTR Traveller engine is
responsible to process all of these modules: querying cell information from database
engine, drawing the suitable station bitmaps on the screen (due to user’s current
station) and handling user input.

MTR / KCR
Map File

MTR Traveller Engine
Stored as
Real-Time
Data

Station
Bitmaps
Return
Required
Data

Station File
Table
Insertion

Request of
Drawing Text
and Station
Bitmaps

Query

User Input
(e.g. Clicking
Menu Button)

MTR Traveller User
Interface

Database Engine

Transition
File

Fig 8.9: MTR Traveller structure and interaction between each module
8.4.5.1 Input Data File
Besides, the processing of central engine and the use of station file and transition
file have been discussed already – the hybrid method. The map file is simply a
two-dimensional table of bitmap IDs. The format and sample of those input data files

are located in the part of Appendix.
8.4.5.2 Database Engine and its Limitation
Symbian OS has a simple database manager which allows [21]:
1. Multiple tables in a single database,
2. Sharing of a single database between multiple client programs, using a server
architecture, transactions, locks as well as notifications, and,
3. Convenient access to data through an SQL subset (but not all SQL statements) or
APIs.
However, it does not support slightly advanced features, like table joining, due to
the limited resources in a mobile phone. Besides, some basic SQL statements, like
COUNT and UNION, are not available also. In our case, we make use of Symbian
DBMS for convenient data storage and retrieval only. Therefore, those limited
features are enough for our application.
Nevertheless, one of the great problems is indexing. We experienced a situation
that two completely different entries cannot be inserted into the table when indexing
is enabled. It was finally found out that it was a bug in Symbian DBMS that cannot be
solved by general developers like us.
8.4.5.3 Bitmap Drawing
It is well-known that ordinary mobile phone has extremely limited amount of
memory (e.g. Nokia 7650 has only 4 megabytes of internal memory). Therefore, the
storage is usually one of the major concerns of building mobile applications. Although
Symbian OS is able to compress the bitmaps in software packaging stage, extensively
use of bitmaps may have out of memory problem. Therefore, the idea of bitmap
splitting comes as follows:

Fig 8.10: How portions are combined (left), station and connection bitmaps (right)

Instead of putting the whole bitmaps of MTR and KCR station maps (e.g. the one
in Fig 8.7), the maps are cut down into small pieces of station bitmaps and connection
bitmaps in order to avoid unnecessary duplication (e.g. connection between two
stations is often a line) and reduce the redundant area (i.e. the area other than stations
and links).
The 176 x 208 screen of Nokia 7650 is divided into nine portions as shown
above. Different bitmaps are joined together to complete the map according to the
input map file.
8.4.4 Potential Problem
In the discussion of various GSM positioning method, it was shown that GSM
cell ID positioning is the simplest one and without the support of telcos. However, as
all the cells are deployed, maintained and controlled by telcos themselves, the passive
method adopted in this project is suffered most by the cell deployment of telco.
Recall that our initial observation is that exactly one cell change in between two
stations in subway. In most extreme case, if telco has changed their configuration into
a situation that two stations sharing one cell site, there would not be cell change in
between these stations. As a result, MTR Traveller would be failed to detect current
location.
In addition, we cannot control the time when cell change event occurs. Therefore,
for example, a further application is built to show information of the current station
and the cell change event happens when the train is very close to the destination
station, user cannot browse all the content given.

Fig 8.11: Potential problems – cell site sharing between two station (left) and
uncontrollable time of cell change (right)
Also, as mentioned before, network operators may change their cell
configurations (e.g. adding or removing cell sites) from time to time for efficient cost
control. Therefore, an up-to-date cell information is required and this would affect

both parties: application developer / service provider and users. For developers or
service providers, they are required to collect cell information regularly and include
them in the software package. The idea of automatic cell information collection kit is
raised so that overhead of cell data collection is reduced. For users owing the
application, their data should also be updated and, hence, convenience update using
SMS or GPRS becomes a demand. This may be the future work that we can try.
8.4.5 Benefits of Station Positioning
The discussion so far was around the positioning principle of MTR Traveller.
However, what is the practical use of station positioning? In fact, MTR Traveller is
just prototype and more should be improved to support different services around
station positioning. The below gives several possible examples.
Content Providing: At each station arrival, some information about current station
can be provided that suit the user’s need, including, but not limited to, shops, tourist
spots, weather, traffic condition, air pollution index, etc.
Train Changing: There are several railway lines in MTR (e.g. Island Line, Kwun
Tong Line and Airport Express). Tourists may not know exactly where they should
take off and change to another line. A personalized application can be built for this
purpose.
Notification: People may want to do some other things when they are on the trains,
such as sleeping, reading or playing mobile games. If the mobile phone can alert users
when the destination is nearly arrived, this can be very useful forgetful users.

8.5 Statistics for Showing the Reliability of Cell Change Method
This part, in fact, is not completely related to MTR Traveller application. The
aim of this section is to show the accuracy of proposed cell change method. In chapter
6, it was mentioned that GSM cell change method would provide more reliable
location estimation at the cell boundary than traditional GSM cell ID detection. In this
section, we would like to conduct an experiment on the reliability (and accuracy) of
the GSM cell change using MTR Traveller .
Cell change event occurs when the original registered cell cannot provide enough
signal strength so that the mobile phone replaces that cell by a stronger one. For two
stations in subway, when the mobile leaves a station, exactly one cell change would
also occur due to the same reason. As a result, by recording the time of cell change

occurrence for a number of times (e.g. the red arrows in the following figure), the
accuracy of the proposed cell change method can be estimated.

Fig 8.11: The idea of the experiment – finding out the error range as indicated
In the experiment, the time difference at which the cell change occurs and at the
moment that the train stops at the destination station (denoted as td) would be recorded.
The variation between maximum td and minimum td determines the error range, which
is error of cell change method.
The experiment was done in November 2003 for 7 times. Nokia 7650 with MTR
Traveller application was used for cell change event detector while another phone,
Nokia 6510, was used as stop watch to record the time. The stations involved are
some selected stations in the subway from Kowloon Tong to Po Lam. Besides td, the
average time of journey between two stations was also recorded because the length of
this time interval would indicate the size or coverage of the cells involved.
8.5.1 Assumption
The below shows the assumption of this experiment:
1. MTR speed was constant at the error range so that the data in time domain could
be mapped to distance domain by “distance = time x velocity” equation. The MTR
speed is assumed to be 33km/h, which is the average speed of MTR trains.
2. The cell ID records in the database and input data files were not modified in the
period of whole experiment.
3. The measurements were done at the same position inside the train so that all the
records would not have undesirable distance mismatch.
8.5.2 Known Source of Measurement Errors
In this part, the time recorded may have possible errors that cannot be avoided and
they would be stated here.
1. Because MTR uses automated controlling system for driving, the overall speed in
the WHOLE journey varies for each trial although the assumption 1, constant
speed at the error range, is still valid. For example, in rush hours, as there are
more trains running on the railway, the speed of the trains would be oscillating
greatly and they even stop on the way between two stations. This would increase
the value of td recorded.

2. The stop watch used was not accurate enough. It would only jump by 0.3s each
time in the display.
3. Reaction time of starting and stopping the stop watch would contribute to
measurement errors.
4. The cell information refreshing interval was set to 1.25s which may cause small
uncertainty.
8.5.3 Experimental Results
Let tj be the time of journey, vmtr be the assumed MTR speed (i.e. 33km/h or
9.167m/s)
The percentage of error range to total time of journey can be calculated by
[max (td) – min(td)] / tj
where (max (td) – min(td)) is the error range in time domain while tj is proportional to
the cell size.
The error range in distance domain is:
[max (td) – min(td)] x vmtr
From

To

Error range in Time (%) Error Range in Distance (m)

Po Lam

Hang Hau

8.51

65.06

Hang Hau

Tseung Kwan O

15.05

146.65

Tseung Kwan O

Tiu Keng Leng

19.32

127.51

Tiu Keng Leng

Yau Tong

6.50

81.51

Yau Tong

Lam Tin

3.38

32.04

Choi Hung

Diamond Hill

14.41

105.41

Diamond Hill

Wong Tai Sin

8.73

59.62

Lok Fu

Kowloon Tong

31.69

282.36

Kowloon Tong

Lok Fu

15.84

108.17

Wong Tai Sin

Diamond Hill

24.00

132.00

Diamond Hill

Choi Hung

5.61

43.09

Lam Tin

Yau Tong

24.32

178.79

Yau Tong

Tiu Keng Leng

13.93

192.43

Tiu Keng Leng

Tseung Kwan O

10.21

72.44

Tseung Kwan O

Hang Hau

25.47

136.58

Hang Hau

Po Lam

17.54

141.17

(Notice that time recorded in question would not be counted.)
One may observe that the error range is quite different. The error can be quite

large for some of the stations. However, the result is encouraging because the
maximum error in distance is less than 300m and it is comparable to GSM E-OTD,
one of the positioning methods with accuracy around 150m (see Appendix 1).

8.6 Conclusion
In this chapter, we have investigated the use of GSM cell change method on
one-dimensional environment for improved accuracy and reliability under the
limitation of fixed path. The application of MTR Traveller was built for illustrating
the power of this proposed positioning method. The problem encountered (e.g. the
challenge of stations in open area), the cell data collected for stations and the
implementation of MTR Traveller were also introduced. However, due to the passive
character of pure GSM cell location estimation, any cell deployment or configuration
changes by network operators should be regularly considered. The chapter ends with
the experiment showing the acceptable reliability of GSM cell change method.

Chapter 9: Project Progress
The below table lists the project progress in this semester:
June 2003

- Plan the aim and approach of our final year project, which
would be concentrated on mobile communication
- Learn the basic of Symbian architecture and its features on
mobile phones

July 2003

- Get familiar with C++ and Symbian programming

August 2003

- Understand wireless communication capability of Symbian,
such as Bluetooth, socket, etc.
- Develop Symbian programs, Nokia Square and Robot War, for
showing the functionalities that can be achieved by Symbian OS

September 2003

- Finalize the topic – GSM cell ID positioning
- Figure out the possibility for Symbian phone to collect cell
information
- Develop GSM Status for cell information display
- Collect cell information in the CU campus to see whether it is
possible to perform positioning in campus and
reverse-engineering on actual locations of base station
- Generate the idea of using cell change event for location
estimation

October 2003

- Figure out the inadequacy of GSM cell ID positioning in
two-dimensional area
- Collect cell information of MTR stations and KCR stations
- Decide to try out the proposed method on railway which has a
fixed path

November 2003

- Design and implement MTR Traveller, including data storage,
user interface, internal logic, etc.
- Collect cell information of stations for Sunday also

Chapter 10: Conclusion
Symbian phone enhances the programming capability so that general developers
can build applications on the mobile phone. The availability of interacting with
phone’s hardware, such as camera, as well as communication modules, like voice, fax,
Bluetooth, GSM module, generates a number of mobile opportunities.
Concerning location-base service (LBS), people are trying their best to
standardize the system and protocol used, as well as to solve general issues, like
privacy and QoS, before widely shipped into the market. Current technologies on
positioning and LBS are quite mature and own high accuracy, such as GPS and GSM
E-OTD, but most of them are of high cost, involve complicated design, and require
the support from telcom companies. It seems that these are unaffordable to
mainstream users, who do not want to pay extra cost or to upgrade their existing
device, in order to enjoy location-based services.
Therefore, with a Symbian phone which accepts self-written applications and is
GSM information accessible, it may be possible to introduce simple and telco-free
location-based services to ordinary handset users with basic GSM cell information
detection. However, the accuracy would be the major weakness, as figured out in the
experiment targeted to the CU campus.
It has been, then, proposed the use of GSM cell change event, which is more
accurate for positioning at the cell boundary. The turnout is that the hybrid method
cannot perform well in presence of different drawbacks in two-dimensional region,
like small cell size and high degree of overlapping.
On the other hand, applying the same method on path gives encouraging result
from the initial observation of single cell change in closed MTR station. The
improvement is because the intersection of cell boundary and a fixed path turns the
problem into point estimation, similar to the effect of using trilateration. MTR
Traveller, which allows positioning on both MTR and KCR stations, is based on the
proposed positioning method and allow different kinds of benefits, including content
providing, notification and alerting.

Chapter 11: Future Work
This chapter would consider more about the development of this project in the
next semester or in the future.

11.1 Automatic Cell Information Collection Kit
As mentioned before, the proposed method is a passive positioning method that
makes use of telco existing cell configurations to develop the service. Unfortunately,
if network operators have deployed the cell sites differently, the location estimation
would be significantly suffered. Regular updating of internal cell information is
required, so cell information collection becomes a demand for service providers and
application developers.
Traditionally, data have to be collected with complicated hardware or manual
recording. However, the ideal tool is that collector does not require spending most of
the time concentrating for recording cell data. They simply consider those points of
their interest only (e.g. stations in the case of MTR Traveller). Such automatic cell
information collection kit may realize this idea.

11.2 Improvement on MTR Traveller
Because there are many possible extensions of station positioning, MTR
Traveller does have the ground for improvement.
11.2.1 Personalization
Personalization is one of the requirements. Each user may have their specific
needs which are different from another user, like having different combinations of
source and destination stations. MTR Traveller may provide an integrated solution for
suit what they want.
For example, a user would like to go to Causeway Bay to Diamond Hill via
either Tsuen Wan Line or Tseung Kwan O Line. Shortest path algorithm may be
helpful for him / her to reach the destination as quickly as possible.
Another example of personalization is to provide personal train changing service.
By asking you for source and destination stations, the system would notify the user at
specific interchange stations with correct platform number (but not notifying on all
interchange stations). When the user has missed the interchange station, the system
would give he / she suggestion (e.g. take off at another interchange station).

11.2.2 Information-Oriented
At the same time, MTR Traveller may pick another approach by providing
informative service. Telling station-specific up-to-date information (e.g. activities held,
shop sale, weather and temperature around) or simply static information (e.g.
surrounding buildings, parks, restaurants or shops around a station) is also attractive.
11.2.3 Others
Other factors may include the user interface and distributed intelligence.
Distributed intelligence may be important because, in current implementation, all cell
information is stored locally at the mobile phone. Because of limited storage and the
need of up-to-date data, cell information should be stored in other servers so that
mobile phone users can access those data easily through SMS or GPRS.

11.3 Other Applications
As it is found that GSM cell change method (or hybrid method) perform well in
one-dimensional path. It is possible to apply the same method on path-based scenarios,
including bus route and tram route. The challenge is that all surroundings are open
area, where performance would be slightly degraded. If the requirement is modified a
little bit into just notifying the tourists that they enter a new district, say Causeway
Bay or Wan Chai, and showing them with different information that is interested by
tourists, the offered service can be more reliable than bus stop or tram stop
positioning.
Another possible application is detection of car speed detectors which makes use
of the inaccuracy of GSM cell ID positioning method. If cell coverage is large enough
(which is not desirable for positioning), the system can notify drivers earlier before it
reaches the car speed detector so that they can have enough time to reduce their speed.

Fig 11.1: Large region location estimation may benefit in locating speed detectors
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Appendix 1 – GSM Positioning Method Accuracy [9]
Method

Rural Area

Suburban Area

Urban Area

Indoor

Cell ID

1km - 35km
Typically 15km

1km - 10km
Typically 5km

Macro-cells:
500m – 5km
Typically 2km

Pico-cell:
10m – 50m

Extreme Case:
~100km

Micro-cells:
50m – 500m
Typically 200m

E-OTD

50m – 150m

50m – 150m

50m – 150m

Good

A-GPS

10m

10 - 20m

10 – 100m

Variable (Still
not proven)

Appendix 2 – Signal Attenuation of Different Construction
Materials [10]
Construction element

Attenuation (dB)

Standard Deviation (dB)

Concrete block wall

7

1

Wood and brick siding

3

0,5

Aluminium siding

2

0,5

Metal walls

12

4

Attenuation past office
furnishings (dB/m)

1

0,3

Appendix 3: Cell Information in MTR and KCR Stations for
Sunday and Peoples

Fig A3.1: Cell IDs of selected MTR stations for Sunday

Fig A3.2: Cell IDs of selected MTR stations for Peoples

Fig A3.3: Cell IDs of KCR stations for SmarTone between Kowloon Tong station and
University station

Appendix 4 – Sample Map File, Station File and Transition
File in MTR Traveller
A4.1 Map File
The map file allows developers to construct the map of MTR or KCR railways for
display. The format of map file is:
1st Line: Comment
2nd Line: Total number of station bitmaps
3rd Line: Width and Column of the Map
4th Line Up: Array of bitmap IDs defined in the program
#
40
3x23
000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
029 113 030 113 031 113 032 113 033 113 034 113 035 113 036 113 037 113 038 113 039 113 040
000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

A4.2 Station File
Station file stores the station name, station ID, location ID and cell ID (notice that cell
information includes both location ID and cell ID). The below is a simplified
example.
#Station Name to ID for SmarTone
Po Lam:1:50:13051
Hang Hau:2:50:13041
Tseung Kwan O:3:50:13031
Tiu Keng Leng:4:50:13021
Yau Tong:5:50:13012
Quarry Bay:6:50:4921
North Point:7:50:4938
Lam Tin:8:50:12812
Kwun Tong:9:50:12813
Ngau Tou Kok:10:50:4071
Ngau Tou Kok:10:50:43352
Kowloon Bay:11:50:41256
Choi Hung:12:50:4911

……..

A4.3 Transition File
The transition file stores all cell changes in between two stations. The sequence of
entries is important because it may indicate the direction as stated in the report before
(transition pairs in Section 8.4.2). The format is station name 1, station name 2,
location ID, cell ID, bitmap x,y-coordinates on the map.
#Transition table for SmarTone
Po Lam:Hang Hau:50:13051:26:1
Po Lam:Hang Hau:50:13041:26:1
Hang Hau:Tseung Kwan O:50:13041:24:1
Hang Hau:Tseung Kwan O:50:13031:24:1
Tseung Kwan O:Tiu Keng Leng:50:13031:22:1
Tseung Kwan O:Tiu Keng Leng:50:13021:22:1
Tiu Keng Leng:Yau Tong:50:13021:20:1
Tiu Keng Leng:Yau Tong:50:13012:20:1
Yau Tong:Quarry Bay:50:13012:18:1
Yau Tong:Quarry Bay:50:4921:18:1
Yau Tong:Lam Tin:50:13012:18:1
Yau Tong:Lam Tin:50:4926:18:1
Yau Tong:Lam Tin:50:12812:18:1
Yau Tong:Lam Tin:50:42502:18:1
Lam Tin:Kwun Tong:50:42502:16:0
Lam Tin:Kwun Tong:50:12812:16:0
Lam Tin:Kwun Tong:50:42503:16:0
Lam Tin:Kwun Tong:50:12813:16:0
Kwun Tong:Ngau Tou Kok:50:12813:14:0
Kwun Tong:Ngau Tou Kok:50:40492:14:0
Kwun Tong:Ngau Tou Kok:50:5461:14:0
Kwun Tong:Ngau Tou Kok:50:5462:14:0
Kwun Tong:Ngau Tou Kok:50:43305:14:0
Kwun Tong:Ngau Tou Kok:50:20113:14:0
Kwun Tong:Ngau Tou Kok:50:43352:14:0
Kwun Tong:Ngau Tou Kok:50:4071:14:0

……

Appendix 5: Detailed Statistics for Time Recorded in Section 8.5
From

To

Po Lam

Hang Hau

Hang Hau

Tseung Kwan O

Total
Time of
Error range in
Journey 11/17/2003 11/18/2003 11/20/2003 11/21/2003 11/22/2003 11/24/2003 11/25/2003
Time (%)

Error Range
in Distance
(m)

83.4

32.0

34.5

35.3

39.1

38.1

36.8

36.4 8.51

65.06

106.3

45.0

56.4

71.5*

49.0

61.0

49.6

57.3 15.05

146.65

74.0

21.0

29.2

30.5

16.8

31.1

18.4

X 19.32

127.51

Tiu Keng Leng Yau Tong

136.8

42.1

62.7*

43.0

46.1

47.9

41.5

39.0 6.50

81.51

Yau Tong

Lam Tin

103.4

1.0

X

4.5

X

X

1.6

1.8 3.38

32.04

Choi Hung

Diamond Hill

79.8

34.3

31.4

38.6

X

X

27.1

31.5 14.41

105.41

Diamond Hill

Wong Tai Sin

74.5

16.8

22.2

23.3

X

X

21.4

21.8 8.73

59.62

Lok Fu

Kowloon Tong

97.2

25.0

60.0*

X

X

X

16.6

47.4 31.69

282.36

Kowloon Tong

Lok Fu

74.5

18.5

13.2

14.9

7.1

X

18.9

14.7 15.84

108.17

Wong Tai Sin

Diamond Hill

60.0

28.7

28.9

30.0

32.1

36.2

15.6

X 24.00

132.00

Diamond Hill

Choi Hung

83.8

36.8

36.7

32.4

33.9

33.3

32.1

35.4 5.61

43.09

Lam Tin

Yau Tong

80.2

59.5

40.0

44.1

44.0

45.3

41.7

43.1 24.32

178.79

Yau Tong

Tiu Keng Leng

150.7

78.0

81.3

70.6

91.6

88.3

91.3

84.3 13.93

192.43

Tiu Keng Leng Tseung Kwan O

77.4

27.0

23.2

28.3

29.9

28.3

29.9

31.1 10.21

72.44

Tseung Kwan O Hang Hau

58.5

46.3

31.8

37.7

39.2

46.7

37.5

X 25.47

136.58

Hang Hau

87.8

X

22.7

X

38.1

35.5

30.9

25.4 17.54

141.17

Tseung Kwan O Tiu Keng Leng

Po Lam

*: Ignored due to abnormal speed (e.g. stop in between two stations)
X: Not Recorded

Appendix 6: Abbreviation Used in the Report
3G/3GSM
API
CDMA
EDGE
GPRS
GPS
GSM
J2ME
LAN
LBS
MLP
MMS

3rd Generation GSM
Application Programming Interface
Code Division Multiple Access
Enhanced Data Rates for GSM Evolution
General Packet Radio Service
Global Positioning System
Global System for Mobile Communications
Java 2 Platform, Micro Edition
Local Area Network
Location-Based Service
Mobile Location Protocol
Multimedia Messaging Service

OS
PC
PDA
SDK
SMS
WLAN
XML

Operating System
Personal Computer
Personal Digital Assistant
Software Development Kit
Short Messaging System
Wirelss Local Area Network
eXtensible Makeup Language

~ End of the Report ~

