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Problem Statement:

Dr. K. Palaniappan presents information on various graphical visualization techniques at a variety of different venues.  Currently, when he projects an example of an application on to a screen he requires a second person to sit at a PC and operate the keyboard and the mouse to manipulate the display.  He has to give verbal instructions to the operator during the presentation.  He would prefer to use a PDA device to send mouse and keyboard emulated commands over a wireless link to the application host computer.  In the long run, Dr. Palaniappan and Dr. Chen wish to obtain funding from the Nation Science Foundation for further research using wireless PDA based applications such as streaming video. Our main objective is to evaluate possible wirless hardware solutions to provide a suitable platform for development.  Our secondary objective is to design prototype applications such as the remote operation of a server from a PDA and a text based chat between PDAs.  

Before our team could begin designing our applications we needed to evaluate the various options for each of our components including the wireless protocol, the PDA, the network interface card and the rest of the hardware to meet our requirements.  The following section details the current set of solution options we examined and the reasons for our final selections.  

The wireless options evaluated:

· IR

· Bluetooth - http://bluetooth.amankansal.com/
· IEEE 802.11

· Others

IR:  An IR communication port is standard for all PDA’s for exchanging files and other information from one PDA to another.  However the port was designed for this specific use and is limited to a few feet and is target direction dependent (it has to be pointing at the other PDA’s IR port).   A module for Palm expands the range up to 30’ but is not an ideal solution.

Bluetooth:  Bluetooth was designed with personal area networks of small devices in mind and uses a short-range radio.  It features the ability to add devices to the network without any unique configuration.  Bluetooth operates under the IEEE 802.15 specification for WPANs and competes with IEEE 802.11 on the same bandwidth.  This standard is designed for wireless networks at distances of under ten meters at a speed of 2Mbps.   Currently Bluetooth is not considered mature and is not well commercially supported but in the future may prove to be more versatile than IEEE 802.11.  It was also designed with the intention of being an embedded replacement for IR and a cost effective technology.   (Side note:  One of the more interesting applications is the Ericsson Bluetooth pen.  It has a digital camera, an image processor and a Bluetooth transceiver.  As the user writes, the camera takes up to 100 pictures a second of the special paper and stores the information.  It can then be transmitted to a computer and reconstructed as text or drawings).

IEEE 802.11:  IEEE 802.11(also known as WiFi for wireless fidelity) is the standard specification for a wireless local area network.  It operates at speeds from 2M to 11Mbps.  There are several commercially available products to choose from.   The success of IEEE 802.11 over Bluetooth also seems to be its problem.  As a wireless LAN standard it is the best currently existing but that is all it does.  It may have problems integrating other non-standard wireless devices into a network such as headphones, digital cameras or automobiles.

Others:  There are many other wireless options available including the Global System for Mobile Communications, Universal Mobile Telecommunications Systems, Broadband Radio Access Networks, Unlicensed National Information Infrastructure, and International Mobile Communications 2000.   These are general cellular or packet networks and require, in some cases, commercial network services.  The speeds are generally poor at around 56K to 300Kbps.   One of the more interesting implementations is what George Chronis has done.  He is using 2 Motorola portable radios as his transmitters and receivers and can be accesses through a data port.  He has an operating range of about 500 miles but a fairly low speed of less than 11Kbps.  

Conclusion:   IEEE 802.11 is currently the technology of choice for the given application.  As the primary goal is to establish communication between two computers a wireless LAN is the simplest solution.  With a speed of up to 11Mbps other applications such as streaming video and voice should be achievable in real time.   As Bluetooth matures it may become the dominant technology for wireless networking or the two standards may coexist as they both fill different niches.   

The PDA’s Evaluated:

· RIM BlackBerry - http://www.blackberry.net/  





[image: image1.jpg]=y
STACKERRY




· Compaq iPaq - http://www6.compaq.com/products/handhelds/pocketpc/
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· Palm - http://www.palm.com/products/palmviix/
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· Handspring Visor - http://www.handspring.com/
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The first requirement was a wireless solution with an acceptable range.  All PDA’s have IR transmitters and receivers with extremely limited range.  Also all PDA’s have support for a wireless cellular connection.

Blackberry:  RIM is positioning the Blackberry as an always-on wireless Internet solution.  It is available in both a PDA and pager model.  It features a built in physical keyboard and a trackball for mouse movements.  It uses an Intel 386 processor and 4-5M of RAM.  The wireless option is through an internal cellular modem and gives the option of the DataTAC or Mobitex commercial networks for a monthly fee but OracleMobile is currently supplying a free service.  The Blackberry does not have external expansion slots or options.

Compaq iPaq:  The iPaq uses 206MHz StrongArm processor with the Pocket PC (WinCE 3.0) OS.  It is currently available with 16M , 32M  and 64M of RAM.  Through the use of an expansion jacket, which plugs into a serial port on the PDA, standard Type II PC cards can be used with driver for the PDA OS.  Currently, two wireless LAN cards support the iPaq.   Current expansion jackets support multiple PC cards and Compact Flash RAM cards allowing for multiple peripherals to work with the PDA.  (Update:  the Compaq iPAQ currently is taking market share from the Palm line and is becoming a major player in the PDA market.  Current models have up to 128M of memory, built in Bluetooth functionality and voice recognition).
Palm VIIx: Palm is currently the most popular maker of PDA’s and use their own Palm OS.  The Palm VIIx features 8M of storage and a large list of expandable hardware options including Ethernet adapters, cellular modems and cellular phone connectors.  However they do not support wireless LANs.  

Handspring Visor:  The Handspring PDA is based around the Palm OS and can use the same applications.  It features an expansion port and a large selection of hardware modules.  Several of the modules support wireless cellular connectivity and Xircom is to release a wireless LAN module in the 2nd quarter of this year.  However, the original release date was for about the same time last year and slipped considerably.   

Conclusion: The iPaq is the most advanced PDA on the market and is rapidly gobbling up the market share once exclusive to Palm.  It features the most robust processor and easily the most memory.  The use of the PC card expansion sleeve ensures any cards purchased for the PDA can also be used with any other device with a PC card slot.    By using an iPaq with an IEEE802.11 card, TCP/IP can be used as the protocol of choice eliminating the need to build one from scratch.  

The Expansion Sleeve:
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(Compaq Single Slot Expansion Sleeve)

· Compaq Dual Slot PC-Card Expansion Pack http://www6.compaq.com/products/handhelds/pocketpc/jackets.html
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· Cynet Cypaq Dual Slot Expansion Pack http://store.yahoo.com/dreampages/cyndualslote.html
· Animation Technologies Fly Jacket i3800

http://www.lifeview.com.tw/web_english/fly_jacket.html - models
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Compaq Dual Slot PC Card Expansion Sleeve:  This sleeve allows for either two Type II PC cards or a single Type III PC card to run with the Compaq iPAQ.  The sleeve houses an additional rechargable battery pack to provide power to the devices.  A CF converter also ships with the sleeve to allow for the use of Compact Flash cards such as IBM Microdrives.  
Cynet Cypaq:  The Cypaq was supposed to be a very similar to the Compaq sleeve.  However, after an FCC investigation, it was determined the Cypaq was actually a fradulent product.  They had falsified a working prototype to interest investors.   Since we had considered this product before the announcement it is a good reminder about relying on the future products for a current design.   

Animation Technologies Fly Jacket i3800:  This product only recently became available and is too late for us to use but could be of interest to anyone expanding on the project.  It is essentially a multimedia presentation sleeve.  It features ports to handle video input /output and a single CF slot.   By using a CF wireless network card and a web camera, video could be potentially streamed from one PDA to another.

Conclusion:  The only option we had available, at the time, was the Compaq Dual Sleeve.  For our testing we only needed to use a single card sleeve but Dr. Pal wanted expandability for his hardware setup.  Probably for his ultimate goal of video transmission the Fly Jacket would be the best option currently available

The Network Card:

· Compaq WL100 11Mbs Wireless LAN card http://www6.compaq.com/products/wireless/wlan/wl100-specifications.html
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· Agere Orinoco Silver 11Mbs Wireless LAN card http://www.wavelan.com/template.html?section=m57&page=126&envelope=93
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· Symbol Technologies Wireless Networker CF card

http://www.symbol.com/products/wireless/wirelessflash.html
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· Linksys WCF11 – Wireless Network CF Card

http://www.linksys.com/products/product.asp?grid=22&prid=194
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The limiting factor on the available selection of cards is the availability of a driver for the Pocket PC OS and the StrongArm processor.  The Symbol CF card or the Linksys CF Card would be the choice to use with the Fly Jacket 

Conclusion:  During our original evaluation the Orinoco Silver was the least expensive and offered support for a side range of platforms including Linux and Macintosh.  The Compaq model is only available for MS Windows operating systems. Currently there are a host of wireless PC cards that use the Compaq iPAQ drivers to run in the PDA environment and vary only in their use on other platforms.  After evaluating the Orinoco card I have found it to be very easy to use for the most part.  We had been encountering problems getting the PDA to recognize the card on start up but it was found to be exclusive to the Monochrome iPAQ model and was solved by a patch for unrecognized network cards with ROM v1.46 (http://www.compaq.com/support/files/handheldipaq/us/download/10032.html).  

The SGI Solution:

· Lucent Ethernet Converter: http://www.wavelan.com/template.html?section=m57&page=125&envelope=93


[image: image12.png]



· Linksys WAP11 Wireless Access Point

http://www.linksys.com/products/product.asp?prid=157&grid=22
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Conclusion:  This seemed the best solution for converting an SGI Ethernet port to a wireless connection.  It avoids the need to tie into an existing network.  Otherwise a Wireless Access Point and a switch would be required.   

Programming Environments Evaluated:

The Compaq iPaq ships with the PocketPC 3.0 operating system as the native environment.  However Compaq has started an initiative to support other computer environments such as Linux.  

Operating Environments Evaluated:  

· Microsoft PocketPC 3.0:  http://www.microsoft.com/mobile/pocketpc/
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· Linux:  http://www.handhelds.org/platforms.html
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· Trolltech QT:  http://www.trolltech.com/products/qt/embedded/
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Microsoft PocketPC 3.0:

Currently all Compaq iPaqs ship with the MS PocketPC3.0 operating system installed with a variety of user applications as a stripped down imitation of the standard Microsoft PC Windows OS.   Although software is not directly compatible between the platforms, there are many similarities and some mirrored applications such as Excel and Word.   Microsoft supports two development languages, Visual Basic and Visual C++, which are available for free.   Personal Java from Sun is also free and will run on the iPAQ.   We chose to use the Insignia Jeode JVM  (http://www.insignia.com/noscript.htm).  The runs the personal Java implementation and provides a console that makes it running it very similar to doing to in a UNIX or DOS environment.

Linux:

An open source OS is a very attractive to a company like Compaq that licenses a commercial OS for each of its computer products.  Thus they began to support a Linux alternative allowing native Linux applications to run on the PDA.  To load Linux the iPaq flash RAM is cleared and the Linux kernel is loaded.  A method to return the iPaq to its original state has been documented but is not 100% reliable.  Any error essentially turns the PDA into a metal brick.  The Linux environment supports applications developed under Unix and Sun has also created an embedded Java suite for this PDA use.  

QT:

QT is a graphical API developed by TrollTech that actually runs on top of Linux.  It is actually included in this list as a possibly choice for future video streaming options.  The advantage of this is compatibility with Dr. Pal’s current video code and graphical applications.  The embedded version supports windowing, a widget package and a variety of graphical functions.  It replaces X-11 as the main window environment for the Linux implementation and takes a much smaller memory footprint.  

Conclusion:

For the PDA environment we decided to stay with the native PocketPC 3.0 OS.  Although loading the Linux OS on the iPaq has been done successfully by many users, it still has risks and thought it may be interesting to attempt in the future it does not seem wise to currently risk a $600 piece of equipment.    Also the status of support for PC cards and expansion jackets is not clear.  Also Java is our language of choice due to its portability.  It can be developed on any Java supported platform using an IDE such as Borland’s JBuilder (http://www.borland.com/jbuilder/) or Xinox’s JCreator (http://www.jcreator.com/) or any text editor.  Jeode is commercial product available to download for $19.99 at http://www.handango.com/PlatformProductDetail.jsp?siteId=1&homePath=HANDANGO&platformId=2&productType=2&catalog=0&sectionId=0&productId=17215.

Server Side Application:

· Java:  http://java.sun.com
Conclusion:  

Java was always our intention for the server application language due to the need for portability between different platforms such as a laptop running Linux and an SGI workstation.  The Remote Method Invocation package is a java library specified designed for networking applications and will handle our socket transactions.  

 Evaluation Conclusion:

Our final solution is an iPaq 64M PDA running the Pocket PC 3.0 with a Java application.   The Compaq Dual Slot PC-Card Expansion Pack with an Agere Orinoco Silver 11Mbs Wireless LAN card will allow the wireless connection.   On the server side we will initially use a Linux laptop running a Java server application with another Agere Orinoco Silver 11Mbs Wireless LAN card.    The following price list itemizes the cost of the components at this time:

PDA

·   Compaq iPaq H3670:  $500

·   Compaq Dual Slot Expansion Jacket $199

·   Agere Orinoco Silver Wireless Card $80

______________________________________

    Total:                            $779

Server

· Agere Orinoco Silver Wireless Card - $80

· Linksys Wireless Access Point - $200

______________________________________

Total:                                $280
Estimated Project Cost:    $1059
Note:  This cost does not include  laptop to run the server portion.  Those components are not necessary for the development of the initial solution.  The following diagram displays the relation of the hardware components for the complete project:
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The Agere Wireless Ethernet cards ship with a client manager allowing for computers to communicate as a peer-to-peer connection.  Without any extra applications, the machines can ping each other through the TCP/IP protocol using assigned IP addresses.   We successfully tested this process using a laptop and an iPaq PDA.

Developed Software Applications:

The Software Solution will consist of a Personal Java client applications running on an iPAQ PDA and a Java server applications running on either a SGI workstation or a laptop with Linux as the operating system.  The following diagram details the general interrelation of the functions within the remote and chat applications on the cooperating PDA and computer.
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PDA Applications:

The PDA applications will be accessed through the Start Menu/Programs of the PocketPC 3.0 interface.  When the program begins the Jeode Java Virtual Machine will open and the application window will be displayed within it.   As the JVM window runs in the background it will display any exception messages generated by the application.

Remote:
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(Remote Application GUI Diagram)

The diagram above shows the user interface of the remote application.  When the application is initiated the previous user settings for the server IP address and the mouse sensitivity are loaded from a remote.cfg file.  To change these values, the Option menu is opened and the Config menu item selected.  After the user makes the desired changes and presses OK, the settings are updated to remote.cfg.  The user then presses Connect in the Status Panel.  If the server is found the text field next to the button will state Connection Open.  Otherwise it will read Connection Closed.  

The main section of the GUI is divided into a mouse movement panel, a mouse button panel, and a keyboard focus panel.  The mouse movement panel captures the movement of the stylus as long as it is within the panel.  When the user initally touches the panel, its x/y position is stored.  As the stylus moves the difference between the current position and the old position is sent to the server and the new position becomes the next old position.   When the server receives the x and y delta positions they are added to the current server mouse position and mouse cursor is moved to the new position.
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(Remote Server Window)

The mouse button panel simulates the functionality of a three - button mouse with a left, middle and right button.  The fourth button is a hold button allowing for dragging of the cursor.  When the server is started a window opens which displays the state of the four buttons.  When a button is selected it is shown in bold type.  This window allows the user to quickly ascertain the state of the buttons.

The key focus panel is the result of using only the AWT classes in Java.  Without Swing components, Java has a fairly poor event heirarchy in its components.  Unless the panel with the keyboard listener has the focus of the application, it is obscured.  Therefore when the key focus panel is pressed it allows keyboard events to be heard.   The keyboard itself is the virtual keyboard available in the Pocket PC OS environment.

Remote Application Class Descriptions: Client:

Remote:  The entry point to the application containing main()

TheFrame:  This class is the frame of the application window and holds the StatusPanel, MouseMovePanel, KeyPanel and the MouseClickPanel.  It is also in charge of opening and closing the socket connection to the server and provides the methods for the other panels to access the socket and send the data.  When it is initially instantiated it will open the remote.cfg file to get the saved the IP address and the mouse sensitivity.  All data sent to the server through a method is preceded by an ‘r’ to let the it know that the data following is more a remote command.   When the application is closed it sends an ‘x’ to the server to let it close the connection gracefully.    

ConfigDialog:  This class is a dialog box that is normally hidden.  When the Config item is selected from the Options menu, it makes the dialog box visible and the user can enter a new IP address or mouse sensitivity.  When Cancel is pressed the dialog is hidden again without any changes, but when OK is pressed the values are saved to remote.cfg and the values are updated in TheFrame.  

StatusPanel:  This panel is located at the bottom of the GUI and is used to initiate the socket connection.  When the Connect button is pressed a method is called in TheFrame to open the connnection to the server.  If successful the status field will read “Connection Open” otherwise it will read “Connection Closed”.

MouseMovePanel:  This panel captures the movement of the stylus within the window.  The difference between the initial application of the stylus and its current dragged position is stored as an xDelta and a yDelta.  These values are mulitplied by the mouse sensitivity and sent to the TheFrame to be sent to the server.  The delta values are preceded by a ‘m’ to indicate to the server mouse movements are to be processed.

MouseClickPanel:  This panel simulates a three - button mouse.  When the L, M, R, or H button is pressed the corresponding character is sent to the server via a method in TheFrame and is preceded by a ‘b’ to inform the server to process the data as a mouse button.   

KeyPanel:  This panel is used to get the application focus enabling the key listener to read keystrokes.  When a key is pressed on the Pocket PC virtual keyboard the code is sent by a method in TheFrame preceded by a ‘k’ to inform the server to process a keystroke.  

TimedSocket and SocketThread:  This class extends the functionality of a Java socket to allow for a socket connection to be attempted for a specified amount of time without causing an error if the socket can not be opened.  A thread is created to periodically attempt to open a socket until it times out.  If the socket times out then a catchable exception is returned.        

Remote Application Class Descriptions: Server:

RemoteServer:  This the entry point into the application and contains main().

TheFrame:  This class is the frame of the application window and does the work of processing the incoming data.  It initates the server socket and wait for the client to present it with a command.  If an ‘x’ character is read, the server socket is closed and is reopened to await a new client.  If an ‘r’ character is read the server then looks for an ‘m’, ‘b’ or a ‘k’.  If an ‘m’ is read then two integers are read for the x and y deltas for the mouse cursor position.  The deltas are added to the current server mouse position and cursor is moved using Robot class methods.  If a ‘b’ is read then a character is read afterwards indicating which mouse button to press.  If the button is left, right or middle and the hold button is not pressed, the Robot class is used to press and release the button.  If the hold button is pressed then any other button will remain held until it or the hold button is pressed again.  If a ‘k’ is read then an integer representing the key value is read and pressed and released using Robot class methods.  If the key value is a modifier such as “Shift” or “Control” then the key is held until another character is processed.  

InfoPanel:  This panel contains four labels each holding the letter ‘L’, ‘M’, ‘R’ or ‘H’.  When a mouse button is pressed, its letter is bold.  

Chat:
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(Chat GUI Diagram)

Chat Application Class Descriptions: Client:

Chat: The entry point to the application containing main()
TheFrame:  This class is the frame of the application window.  It handles opening and closing the sockets and providing methods to other classes that send and receive information through them.  It contains the StatusPanel, the ChatPanel and the menu to access the ConfigDialog.  

StatusPanel:  This panel is located at the bottom of the GUI and is used to initiate the socket connection.  When the Connect button is pressed a method is called in TheFrame to open the connnection to the server.  If successful the status field will read “Connection Open” otherwise it will read “Connection Closed”.
ConfigDialog:  This class is a dialog box that is normally hidden.  When the Config item is selected from the Options menu, it makes the dialog box visible and the user can enter a new IP address or user name.  When Cancel is pressed the dialog is hidden again without any changes, but when OK is pressed the values are saved to chat.cfg and the values are updated in TheFrame.  

ChatPanel:  This panel contains a text area that displays received text and a text field to take the input text to send to the server.  It also displays the current user name.  

TimedSocket and SocketThread:  This class extends the functionality of a Java socket to allow for a socket connection to be attempted for a specified amount of time without causing an error if the socket can not be opened.  A thread is created to periodically attempt to open a socket until it times out.  If the socket times out then a catchable exception is returned.        
Chat Application Class Descriptions: Server:
ChatServer:  The ChatServer contains the entry to the application. It also starts a new thread for each client socket accepted.   

ChatHandler:   The class handles all the communication sockets created.  Each invidual thread reads text sent by individual clients and then broadcasts it to all the clients currently running.  

Testing:

Hardware:  The network connection between the PDA and Laptop was initially tested using two utilities: the Orinoco Client Manager and the ping utility.  

· The Orinoco Client Manager tests the wireless network by checking the resident machine (the laptop) against a test machine (the PDA).  It displays the quality of the peer to peer connection and the signal to noise ratio.  
· Using the ping utility common to MS-DOS we were able to check the packet delivery by the specifying the PDA’s IP address.  This will be extended and implemented into the PDA and server software to initiate the recognition and handshaking between the machines.
Software:  The software testing will be subdivided into its base components.

· The GUI on the PDA will be tested by sending the output events directly to a file for review instead of to an output buffer.  By systematically testing each button and a series of stylus strokes in the mouse movement area we can judge the utility of the code.  

· On the laptop side we will send a code to its translation routine and get the appropriate event code as output to a file.

· Testing the link can be divided into the complexity of the signal.  Initally a ping – pong send and respond test will be effective and then we can graduate to sending ascii codes over the link and retrieving the data from a file to check.  

· The event queue on the laptop side can be tested by either sending a file, or a command line set of action codes, to the event handler and seeing the results on the screen.  

· The final testing will be accomplished testing the utility of the design against the action Dr. Pal is likely to use it for.  This includes testing the effectiveness of the wireless link at a distance, while moving and while partially obstructed from the server.  Also running through a mock presentation of both normal and margins testing of inputs would be appropriate.  We were able to give a sucessful test of the project for the CECS398 class Dr. Pal is teaching this semester.

Final Deliverable:

The final product consists of two sets of hardware and two software pieces.  The remote portion is a Compaq iPaq with a Compaq Dual-Card Sleeve and an Agere Orinoco Silver Wireless Ethernet card.  It runs an Personal Java application from the iPaq start menu that opens a form with a GUI representing a keyboard and a mouse.  By selecting a key from the keyboard, pressing a mouse button or moving the stylus in the mouse box a string containing the action information is placed on the wireless network.   The second portion is a laptop running Linux also with an Agere Orinoco Silver Wireless Ethernet card.  A Java application using the RMI package reads the action code off of the socket, converts it to a Unix system command and issues it to the system   The end result is user on the PDA enters mouse and keyboard commands which are echoed on the laptop.  If the user moves the stylus in the mouse screen on the PDA, the mouse cursor will move on the laptop screen.  Similarly keyboard and mouse clicks will be reproduced.  The system will allow for the remote operation of the laptop from the PDA.

Appendices:

Creating a link file for Jeode:

The Jeode JVM can either be run from its console or by using a link file.  The advantage of the link file is mainly because it creates a single click application to start the JVM and execute the application.  The file should be saved as filename.lnk and can be created or edited using any text editor.   The general contents are a follows:

18#"\Windows\evm.exe" -Djeode.evm.console.local.keep=TRUE -cp \ClassDir AppName

Description:

18#"\Windows\evm.exe" : Executes the Jeode JVM locates in the Windows directory

-Djeode.evm.console.local.keep=TRUE : Keeps the console open after the application terminates (useful for debugging)

-cp \ClassDir AppName : classpath of the directory with the class file (here ClassDir) and the name of the class containing main() (here AppName)

The link file can be placed in any directory you wish and can be accessed by the file explorer and will appear with a Jeode Icon.  If the file needs to be accessable from the Start Menu it can be placed in the \Windows\Start Menu\Programs directory. 

Running Swing under Jeode:

Due to an error present in the personal Java specification the Swing libraries will not run under the Jeode JVM with the original implementation.  However this can be fixed.  The description and fix can be found at http://developer.java.sun.com/developer/bugParade/bugs/4309057.html.

First you should go to http://java.sun.com/products/jfc/download.html and download the JFC 1.1 with Swing 1.1.1.  Click on the 11M file to install the swing libraries.  Open the swingall.jar and locate the file SwingUtilities.java and change line 677 to read:

 Method m = Class.class.getMethod("getPackage", null);  

Ensure the changed file is in the same location in the unpacked swingall directory and rejar it: 

jar uvf swingall.jar javax\swing\SwingUtilities.class 

Place the new swingall.jar file in the \Windows\lib directory.  Now adjust your link file to recognize the swingall.jar.    

18#"\Windows\evm.exe" -Djeode.evm.console.local.keep=TRUE –cp \Windows\lib\swingall.jar; \Temp TryWindow 

Note: the class paths are separated by a semicolon.  The swingall.jar file is about 4M in size.   

References and Resources:

Wireless Links:

Wireless Networking:  A page of all wireless links

http://www.canis.uiuc.edu/~bgross/wireless.html
Wireless:  A description of how IEEE802.11 is implemented

http://shrike.depaul.edu/~rfedrigo/TDC564/Wireless_doc.htm
Wireless Data:  A slide show about IEEE802.11

http://www.sflan.com/WirelessData_RHY/
Wireless Ethernet Compatability Alliance:  A group of company supporting IEEE802.11 as the wireless standard.  

http://www.wirelessethernet.org/
African Cellular:  A resource page on all things cellular / wireless.

http://www.cellular.co.za/
Linux & Wireless LANs:  Instructions for setting up a Linux WLAN

http://www.hpl.hp.com/personal/Jean_Tourrilhes/Linux/Wireless.html#howto
PDA Resources:

PocketPCPassion:  A resource site for all things PocketPC 

http://www.pocketpcpassion.com/
BrightHand:  A resource site for all things PDA.

http://www.brighthand.com/
CEWindows.NET:  A resource site for all things WindowCE / PocketPC

http://www.cewindows.net/
Greg’s iPAQ Software List:  A comprehesive list of about all software available for the iPaq

http://www.ipaqsoft.net/
Development:

The Pittsburgh Pebbles PDA Project:  The Carnegie Mellon group working on PDA applications.

http://www.cs.cmu.edu/~pebbles/
deVBuzz:  A resource site for developing in the Pocket PC OS with Embedded Visual Basic.

http://www.devbuzz.com/
Personal Java Application Environment:  Beta site for java development and runtime environment for the PocketPC

http://java.sun.com/products/personaljava/index.html#resources
Transvirtual PocketLinux:  A build of Linux for the PocketPC.

http://www.transvirtual.com/pocketlinux.htm
iPAQLinux:  A site of all things about Linux on iPAQ

http://www.ipaqlinux.com/
Applications:
PacketVideo:  A wireless video player for PocketPC  

http://www.packetvideo.com/update/
