2.0 System Architecture
This section describes the different methods analyzed for reaching the goals developed in the introduction.  The hardware was only briefly analyzed, but significant research was put into the software analysis.  

2.1 Hardware Approaches
Since Bluetooth was intended to be in a variety of types of computers, there are many possible platforms to develop an application.  A number of different designs are possible, and this listing is far from complete.  It just represents some of the more popular Bluetooth platforms.

2.1.1 Personal Digital Assistant
The personal digital assistant (PDA) is often the first thing that is thought of when people think of small, portable, low power devices that would benefit from a wireless communication link.  There are a few types of PDAs, the most popular being the devices that run PalmOS.  The other major developer in this field is Microsoft with their PocketPC operating system.  There are a number of companies offering a PDA with one of the two aforementioned operating systems, and there are limited productions of devices running a version of embedded Linux.

2.1.2 Mobile Phone
As mobile phones take on more and more features, being able to easily connect with a base computer or network could soon prove useful.  The first commercial Bluetooth product available was a mobile phone with a separate Bluetooth headset.  The headset communicated with the phone, allowing users to keep the phone in their pocket without having a wire running between the headset and the phone body.

Ericsson is currently the only manufacturer that has put the Bluetooth technology into their phone offering.  The only function of the device is to work with the Ericsson wireless headset.  Other major mobile phone companies are Nokia, Samsung, and Qualcomm.  Qualcomm makes the majority of the wireless communication logic between the handset and the mobile infrastructure.  Otherwise there is no standard under which the phones are developed, so each manufacturer will have their own proprietary operating system.

2.1.2 Personal Computers
Developing an application that could be used with a personal computer is another avenue that was explored.  Ericsson offers a development kit that contains a Bluetooth device that connects to the USB port on a computer, as well as an interface that can gives a programmer C-level calls to the Bluetooth devices.  There are countless operating systems available, below is only a couple of the most popular available.

2.1.2.1 Intel - Microsoft Windows Family
Far and away the most popular type available is the Windows operating system.  Most new Intel PC's have USB ports and the latest versions of Windows support USB ports.  Applications can be developed in C, C++, Intel-assembly and Java.  The tools for development are readily available.

2.1.2.2 Intel - Linux
Linux is a free operating system that has a lot of underground support.  There are a number of different flavors of Linux, but they all are grouped into the overall category of Linux operating systems.  It is popular in many developer circles and is beginning to be used in many commercial applications.  Linux has hardware support for a variety of hardware, including USB ports.  New drivers and devices are being ported to Linux all the time.  The major programming languages that Linux supports are C, C++, Java and x86 assembly. 

2.1.2.3 Macintosh and PowerPC
Apple Computers' Macintosh and PowerPC computers should also be considered.  Both computers run the Macintosh OS X operating system.  The iMac is not designed to be a development workstation, but the PowerPC, has all of the normal personal computer hardware support.  Additionally, the all of the major high-level languages are supported in one way or another.

2.2 Hardware Analysis
2.2.1 PDA and Mobile Phone
The PDA or mobile phone would be an interesting project, but there are very few PDAs or phones that actually have Bluetooth capabilities.  Installing a Bluetooth communications chip into the device would be beyond the scope of this project.  That leaves the devices that have Bluetooth installed.  The only development that could take place would be on existing devices that have Bluetooth already developed on the device.

The major problem with that approach is being able to program the system.  Most of the systems are proprietary so obtaining internal access to them would be difficult.  They are not designed to give the user low-level hardware access.

2.2.2 PC
A PC would be the obvious choice for a development platform.  The devices that are available for use were designed with PC development in mind.  All of the systems considered have USB ports available. 

2.2.2.1 Windows PC
A Microsoft Windows PC is the first obvious choice.  They are available everywhere and the Bluetooth modules were designed for use with Microsoft-based systems.  Development tools are available for Windows, as well as sample programs that use the Bluetooth devices.  These features provide the Microsoft Windows PC an advantage over other systems.

2.2.2.2 Linux and Macs
These two systems would not be the best for development.  The Windows PC is a far superior choice because the Bluetooth modules are designed for use with Microsoft Developer Studio, one of the development platforms for Windows systems.

2.3 Software Approaches
There are a wide variety of software applications that could be developed using the Bluetooth system.  They can be broken into a couple different categories.  The first category of applications is Internet applications.  This includes anything that uses a Bluetooth network to transfer data from a device or computer that is not connected to the Internet, using a relay computer that has both Bluetooth network access and Internet connectivity.

The second category of applications is an application that is primarily dependent on transmitting data between two devices or computers.  This includes, but is not limited to, a cell-phone headset that allows wireless hands-free talking with the base mobile phone.  The transfer of data between two devices, like data synchronization with a PDA, or connecting to a Bluetooth equipped printer, would also fall into the second category.

2.3.1 Relay Types
2.3.1.1 Mail Program
Email programs range in complexity from the simple get and receive messages programs, to the complex mail management system that contain features like filtering, authentication, digital signatures and file attachments.  For sending mail, a device would connect to a mail server via SMTP or simple mail transfer protocol, issue the required commands and data, and the remote host computer will send out an email to the specified recipient.  It is a similar process to read mail, and the connection this time is POP3, or post office protocol version 3.  A device connects to a host, authenticates itself, issues some commands, and receives the data based upon a user's login data.  The more complex functionality usually takes place on the local computer and not over the Internet connection.

2.3.1.2 Web Browser
A web browser is another program that can range in complexity, except that the complexity is not determined by the programmer writing the web-browser application, but by the developer creating the remote web page that is desired to be viewed.  Web pages can have simple, static, text-only interfaces, to streaming video and audio, as well as dynamically changing web sites.

Web sites communicate over HTTP, or hypertext transfer protocol.  A local machine connects to a HTTP host and then receives the data for the web page to be displayed.  This can include both text, and pictures, as well as possibly sound and video.

2.3.1.3 Telnet
Telnet is a protocol that allows remote text access to a computer over TCP/IP.  The first step in connecting is a determining what kind of display is available, with characteristics such as number of columns, colors available and so on.  Telnet allows for many users to utilize the same resources.

2.3.2 Direct Connections
2.3.2.1 Voice over Bluetooth
Creating an application that implements an audio transfer over Bluetooth is a consideration.  First the sound would have to be digitized from the analog signal coming in.  This is possible with a number of programs available.  The digitized bytes would be transmitted over the Bluetooth link and then they would have to be reassembled into the original waveform.  There are many uses for voice communications over Bluetooth.  One of the more interesting ideas is to implement a cell phone that when close to a Bluetooth equipped standard corded phone, would use the phone's infrastructure instead of the wireless mobile phone network.  Voice over Bluetooth is necessary for this to take place.

2.3.2.2 File Transfer Protocol
FTP is used for transporting files between two computers.  The actual file transfer protocol is used over TCP/IP, but a Bluetooth version of FTP could be developed.  A file would have to be broken down into the smaller sized blocks, and then each block is then transferred to the other computer.

The FTP design could also be applied to a synchronization application between two devices.  The data required for synchronization needs to be broken down to blocks that can be transferred and the software would have to organize the transmitted and received data to make sense out of it.

2.4 Software Analysis

2.4.1 Email Program

The email program would be an interesting project.  It would utilize the Bluetooth connection as well as an Internet communication link.  The program would be written on two computers, one being the wireless client and the other being the link between the Internet mail server and the wireless device.  The wireless client and the relay will have to do handshaking to organize the messages.

The previous Bluetooth project team successfully created an application to send mail.  As a complement to that project, an application that reads mail can be created.

2.4.2 Telnet

The telnet program would be very similar in implementation to the mail program, but the usefulness is more limited than a mail program.  Many more people use email than use telnet, and most use telnet programs just to check their email.  The data communication synchronization between the wireless client and the relay host is more important, so it might not make the best application for a wireless connection.

2.4.3 Web Browser

A web-browser would also be a viable project, but the device that would be using the web browsing capabilities would need to be in close proximity to another computer that has a connection to the Internet.  If web-browsing access was desired, the user could use the computer connected directly to the Internet.  This computer would have all of the features and peripherals in order to more efficiently use the web.  These features are a large color monitor, mouse and full sized keyboard.

2.4.4 Headset

A Bluetooth headset would be another marketable project.  This project was considered but the Bluetooth devices that were used did not support voice over Bluetooth.  Sending voice over the digital wireless connection was also considered, but it was decided that it was the wrong method for completing the task.

2.4.5 FTP and Synchronization

FTP and Synchronization was also strongly considered, but it was decided that having some sort of Internet application would be a lot more interesting.  The transfer of data would be implemented easily, so most of the design would have been the user interface.  These projects would still be interesting and would provide a valuble learning experience.

2.5 Approach Conclusions

The basic design for the project is going to be two Bluetooth enabled PCs that are communicating with each other.  One of the PCs is going to be attached to the Internet, where it will access a remote mail server.
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Figure 2.1: The basic design of the project.


This application is useful, because the wireless client can update the user’s mail whenever the wireless client is within range of the relay point.  The user could read the email at a later time.  As show in the Figure 2.1, a laptop computer is the most likely candidate to become the wireless Mail Client.
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