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PART 1


RESEARCH TOPIC

This Part Includes,

1.1   Introduction to topic

1.2   Research Interest

1.3   Research Benefits

1.4   Industrial Applications
This part gives the overview of the research topic and briefly discusses the research outcome and its benefits as an industrial project. The researcher interest will also discuss in this part and the research benefit that will contribute to his current knowledge.

1.1 Introduction to topic


The increasing popularity of handheld and mobile computing devices has created a need for wireless network access. Bluetooth due to its power efficiency and robustness to interference is a suitable choice for network connectivity in personal computing devices. As an alternative 3G network (Large Networks) are available but expensive. Information could be spread through Bluetooth access points distributed across areas with high density of mobile computing devices such as IEEE 802.11 WLAN access points and mobile network cells distribution. This distribution requires support for mobility and Bluetooth inherently does not support handoff/handover. When a Bluetooth receiver device changes Pico net (Bluetooth Network) as a result of a drop in signal strength there is no automatic reallocation process as in an 802.11 networks or GSM network.

This research project is to examine handover used in networks and to identify how these schemes could be used to enhance the Bluetooth specification. A computer model will then be developed to demonstrate this process in operation.

1.2 Research Interest


My research areas are under the scope of Networking and Telecommunications. There are numerous fields of interest under this category but there are certain areas where research and advancement required for the benefits of industry. My research interest particularly on Network protocols, Mobility and Wireless Networks, Mobile multimedia and Network technologies. This is a reason of choosing “Handover Bluetooth” research project as it covers Networking and Telecommunication field including those three research area of my interests that I mentioned above. This research gives me an opportunity of increasing my current knowledge in the area of Wireless Network protocols.

1.3 Research Benefits


As mentioned earlier in above section that Bluetooth inherently does not support handoff/handover. This research project outcome will give the mobility feature in 

Pico net (Bluetooth network) so when Bluetooth devices will change Pico net then there will be reallocation process happened without dropping connection.

1.4 Industrial Applications


With the current technology developments, mobile devices are becoming increasingly popular and accessible to a larger section of people. There is a strong need to access data and voice from handheld mobile devices for a variety of applications.

Some of the uses of information access in real world are:

1.4.1 High Density Information Area (Hotspots)

1.4.2 Wireless Office

1.4.3 Mobile Payment
1.4.1 High Density Information Area (Hotspots)

These are places with a high density of people all with a need for customized information. Examples include airports, train stations, cafes, festivals, exhibitions and museums.
1.4.2 Wireless Office

Most workers are relatively stationary or move within the office making Bluetooth a viable option for network access from their mobile devices.
1.4.3 Mobile Payment

For some applications, such as push advertising, location specific transactions, and product details inquiry, the customer will be within the Bluetooth range of the shop or content server. In this case Bluetooth is not only cheaper but also more suitable to access only the relevant mobile devices.
PART 2

RESEARCH DESCRIPTION

This Part Include,
2.1 Topic Description

2.2 Background Research

2.3 Aims and Objectives

2.4 Methodologies

2.5 Project Plan
This part describes the research topic and provides brief analysis and review about the research project. The part also covers aims and objectives of project, methodological issues and a project task and time allocation.

2.1 Topic Description

The increasing use of handheld and mobile computing devices has created a demand for wireless connectivity. Various applications need to access information networks like the Internet. A wide variety of location specific applications are enabled through wireless access. The current trends in the wireless access networks show attempts to support wideband multimedia services, such as through 3G wireless and 4G mobile, requiring significantly higher data rates than the second generation mobile networks can provide.

Apart from person to machine and person to person communications, machine to machine communications for transactions and pervasive computing environments also have a strong need for wireless connectivity. Embedded computing devices also need short range wireless connections to form local networks. A versatile, low power and compact wireless module is required for the above applications. Bluetooth is a short range wireless communication technology operating in the widely available industrial, scientific and medical band. It can support both voice and data applications over a range of upto100 meters and raw speeds of upto1 Mbps (megabits). It is specially designed to provide wireless connectivity for handheld and mobile devices. Thus Bluetooth can be used as an access technology to provide network connectivity at public places and for embedded computing environments. For handheld devices, the use of Bluetooth instead of 3G provides not only a more economical solution but is also better suited to location specific services.
2.1.1  Wireless Network Issues

Network access at public places requires access points or base stations to which the mobile devices may connect wirelessly. One issue of concern in designing an access network is support for mobility. Mobility in wireless networks is achieved by using Handover.

Handover is defined as “If a device is in a danger of loosing its link to one of its closes station then it automatically transfer its link to the other nearest station.”
Bluetooth does not support mobility and this problem need to be solved as it is currently the industrial requirement because of its robustness, inexpensive and efficiency for personal area computing and public access.

2.1.2  Mobility and Wireless Networks
Mobility in wireless networks is not an issue as this feature currently available in all popular Mobile Networks like GSM and IEEE 802.11 WLAN (Wireless LAN) etc.

GSM Networks and IEEE 802.11 WLAN support Handover and there are technical resources available to find out how this feature achieved in these networks. The same technique after investigation can be applied in Bluetooth to achieve mobility.

GSM Networks provides mobility by fixing Base station and define its coverage area in a diameter. That coverage area is knows as Cell. Cell distribution is based on the calculation of coverage area. When GSM network device (Mobile phones) is in danger of loosing its link to its current base station it automatically finds the next nearest link and connects it without dropping the connection. This automatic shifting gives the mobility in GSM networks and the technique as described above called the handover/handoff. The same technique used in IEEE 802.11 WLAN by fixing of Access point device and therefore it also supports mobility.

2.1.3   Mobility and Bluetooth
When Bluetooth-capable devices come within range of one another, an electronic conversation takes place to determine whether they have data to share or whether one needs to control the other. Once the conversation has occurred, the devices form a network comprises of master and Slave combination, like Client/Server Model. The resulting network they create called personal-area network (PAN), or piconet.

Bluetooth has two types of networks, piconet and scatternet. Piconet is a net with one master and many slaves and Scatternet is a network with many masters, and even more slaves, all connected in different ways, masters in one piconet being slaves in other piconet and so on.

In piconet, a slave would have to keep the same master as it is a combination of one master and many slaves. So intra-handover is not possible. Scatternet is where the problem because of its combinations of many masters and slaves with double role.
2.2 Background Research

Research has been done before in this area and as a result most mobile networks supports mobility by using Handover technique. Two common technologies that support Handover are GSM and WLAN. Both technologies specification are available to investigate Handover mechanism. There are other private companies that already developed Bluetooth roaming devices by implementing roaming protocol. There are quite a large number of research materials on Handover management and performance and research are on its way to efficient handover in wireless networks.

The idea is to understand both technologies first and investigate the Handover implementation in GSM and WLAN Networks. This study can be done by reading specifications. IEEE 802.11 standard specification for WLAN is available publicly to study while there are some GSM books present where you can find its specification details.

There are parts of specification and behaviors of GSM and WLAN networks that are of interest and the part need to understand for proceeding the research. The technique then after investigation can be applied in Bluetooth to achieve mobility. However there are parts of Bluetooth specifications that we need to concentrate and its detail are described in next sections.

2.2.1  Bluetooth Specification
The Specification for the Bluetooth system is divided into two logical parts, the “Core” and the “Profiles”.

The first part of the document is the core, takes the traditional layer approach to describing a protocol stack. It starts at the lowest level, the Radio, and works its way up to the more software-oriented upper layers.

The second part, the Profiles takes a different view of the same subject. It is vertical rather than horizontal treatment. The vertical slices of the Bluetooth protocol that calls out exactly what must be implemented for a given application to conform to Bluetooth specification.

Understanding the core is a prerequisite to utilizing the profiles. The order of reading the sections is important. With a single exception, all the profiles can be read independently. The only exception is the Generic Access Profile, which is the base requirement of all the other profiles.

Bluetooth specification is of 1500+ pages but i will discuss the Core part of Bluetooth specification which contains the protocol stack and this part need to read first in order to find out where we can bring possible changes to make the Bluetooth to support mobility.

2.2.2  The Core
The Core portion of the Bluetooth specification contains the protocol stack. This stack allows devices to locate, connect to and exchange data with each other and to execute interoperable, interactive applications against each other.

The elements of the Bluetooth stack are logically partitioned into three groups.

I. The transport layer group.

II. Middleware layer group.

III. The application group.

I.  The transport layer group
This group is composed of the protocols designed to allow Bluetooth devices to locate each other and to create, configure and manage both physical and logical links that allow higher layer protocols and applications to pass data through these transport protocols. 

This group comprises of number of protocols that we need to study their functions individually in order to understand this group completely.

II. Middleware layer group
Additional transport protocols needed for existing and new applications to operate over Bluetooth links comprise this group. The Middleware protocol group includes includes both third-party and industry standard protocols, as well as protocols developed by Bluetooth Special Interest Group (SIG) specifically for Bluetooth wireless communication.

III. The Application group
The group consists of actual applications that make use of Bluetooth links. These applications could be legacy applications that are unaware of Bluetooth transports and we don’t need to study this layer.

Above was the introduction of some group of layers but we need to find correct literature and resources first to proceed our research.

2.2.3 WLAN and GSM Networks
IEEE 802.11 WLAN standard and GSM supports mobility, the mobility in these networks are done by Handover. 

In IEEE 802.11 wireless networks, the device called Access point serves as the central WLAN communication systems, every client node (computer, PDA, Laptop etc.) communicates and does every communication through this. But there is a possibility of loosing link from the access point if we go further out of range. Now in order to get mobility in WLAN wireless access points at regular points, and if one of the nodes is out of range of one access point it automatically detects it and find the next nearest Access point and transfer its link without dropping connection. 

The same idea is used in GSM networks by defining a coverage area. Base stations Antenna are placed at a regular distance and they provide coverage for GSM devices in this case Mobile phones. This coverage area is called cell. More cells join together to form a large coverage area.  If for example mobile phone is out of range of one cell it automatically transfer its link without dropping a connection and you cant even notice that transfer of link (Handover) took place if you are in conversation with someone.

The presence of above technologies and handover mechanism in these technologies will give us background of research in this area.
2.3 Aims and Objectives

This project aim is to enable mobility in Bluetooth capable devices by understanding the roaming feature in other networks. Key goals and objectives of the projects are as follows.

2.3.1  Project Goals
The goal of the project is the investigation of mobility in other wireless technologies and proposed a solution of mobility in Bluetooth technology.

Following steps will follow to achieve this.

I. Understanding and investigation of GSM and WLAN networks and propose architecture for Bluetooth network with mobility feature.

II. A method to enable mobility in Bluetooth network will be implemented by bringing some changes in some layers of Bluetooth specification or by introducing a new roaming algorithm.

III. A computer model (Software) will then develop to show the performance of the proposed architecture and roaming algorithm.

The assumption is that a specific Bluetooth device called an Access Point enables Bluetooth client devices to be connected to an infrastructure. This is similar to the definition of Access Points in IrDA and 802.11 Networks.

Bluetooth has a limited range (from 10 meters to 100 meters depending on implementation). To be able to cover a large area, many Access Points need to be deployed. Ideal is to deploy them in a regular cellular fashion, but they could be put anywhere it is required.
One good way to support mobility is to allow device to move freely from one Access Point to another without the need for user intervention and in a timely fashion.

Even better would be to migrate transparently network connections.
The above architectural plan will be consider achieving the desired aims after critical assessments.

2.3.2  Major challenges

There are two major challenges that need to be addressed very carefully to achieve desire result, the first one is the investigation of roaming in other technologies and propose architecture on the basis of investigation and the second is the development of the method to enable mobility by defining roaming algorithm.

The understanding and investigation of network technology requires the reading of specifications that are of interest and that will help us to propose the right architecture with a support of mobility. There are thousands of pages of specifications but in which very few pages will help in proceeding research. If for example we see the Bluetooth specification there are 1500+ pages of Bluetooth specification is present in which very few are important and need attention.

Roaming is already something that other technology implements, for example IEEE 802.11 has a strong support for roaming. However, Bluetooth has a certain number of features making roaming more challenging and interesting.

There are certain issues that need to be considered very carefully but detail understanding of technology is essentials to solve these issues.

One of the major issues is the performance of new roaming algorithm or the introduction of roaming feature in specification. The new handover algorithm should be efficient enough to coup with following problems.

I. The handover should take place very fast.
II. There should be no packet loss in handover

III. The handover algorithm should not consume a significant bandwidth of the wireless channel.

Despite of these issues there are few reasons were analyzed why Bluetooth does not support handover. These reasons are,

I. The purpose of Bluetooth is for cable replacement and ad hoc network. It is not really for mobile network or wireless LAN.
II. Reduce cost. Bluetooth is for extra low cost wireless link, it is supposed to be very simple, efficient and small.
III. Technically every Bluetooth can be a Master or Slave, the piconet formed by the Master is very dynamic, thus it is hard to define the roaming boundary.
IV. As Bluetooth piconets are designed to be dynamic and constantly changing, a device moving out of range of one master and into the range of another should be able to establish a new link in a reasonably short period of time.

However, although it is not defined in the specification, may be it is possible but it might have problems in interoperability.
2.4 Methodologies

As described in above sections that work have been done in this area and there are enough accessible resources for research available. As described earlier in aims and objectives section that in first phase the investigation and understanding of network technologies, the GSM and WLAN will carry out. This phase is totally based on research base work and books on those technologies.

After the investigation and critical analysis, architectural plan will propose. This is the second phase of the plan and based on critical theoretical analysis and does not involve any hardware and software resources. The design would be propose by taking into account the existing network architectures of wireless networks and Bluetooth existing architecture.

The third phase of this research is the designing of Handover algorithm on proposed architecture; this phase involves the implementation of this algorithm that will show the computer model of the architecture plan and Handover algorithm. The implementation requires Software and Hardware resources and that are described in next section.

2.4.1 Hardware and Software resources
The Computer model is required to show Handover mechanism. The best way to show the model is the Visual representation. The Visual representation of this model will show the propose architecture and Handover mechanism. 

There are many choices of the programming languages to show these kinds of model, and JAVA is the programming language that is selected to show this model due to its platform independent feature. There is a flexibility of choosing development platform because of JAVA platform independent characteristics but Microsoft Windows XP Operating System is selected for development. There is no need of any sophisticated development environment (IDE) for the implementation of this kind of project. BlueJ is one of the simplest and easy freeware Integrated Development Environment (IDE) to write JAVA code.

In order to achieve the required target within an assign time period the need of high level of time management is required. In order to achieve the required target on time the support of project management software is necessary. Microsoft Project 2000 for the management of project will use throughout research.

There is no need of any specific hardware resources and also no Network environment required for this project. Implementation of model can be done on any machines that are capable to execute JAVA programs with visual representation.

The summary of required resources is illustrated below.

Software
	Development Platform
	Microsoft Windows XP Home Edition

	Integrated Development Environment
	BlueJ (JDK 1.4.2)

	Project Planning
	Microsoft Project 2000


Hardware
Intel Pentium machine is used for the Development of computer model.
2.5 Project Plan

The plan of the project is based on three main phases described above. Those three phases are further divided in more tasks. The time allocation to every task is illustrated below using Gantt chart.
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                                                         Gantt chart

In first task of 25 days research will carry out to find and investigate the features of mobility in other wireless networks. Information then summarizes and assessment on this investigation will take place that whether the mobility could achieve successfully in Bluetooth piconets. On the basis of theoretical analysis and assessment the next task is to propose network architecture. Designing of Handover algorithm will be carry out on propose network architecture and implementation of computer model will then carry out.
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