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The Heckman Library Stream Media System project is a project to replace the Cayvan collection of media with a digital media streaming system. Currently the Cayvan collection is comprised of a large assortment of physical audio and video media that can be used by students at listening stations in pre-designated sections of the library. Some primary drawbacks to this system are the amount of effort that has to go into organizing and maintaining such a sizable collection of physical media and the somewhat limited nature in which the various media types can be accessed. While effective, using current generation digital media archival techniques could enhance this solution. 


This project was a joint Electric Engineering and Computer Science team project. We worked this year to create a system in which students will use hand-held computer systems to stream audio and video data from a centralized storage computer, otherwise known as the streaming server. These hand-held devices were to be wireless, using an 802.11b1 internet connection and a Bluetooth2 wireless connection for control of the video terminals. This will allow students to walk around the library unconstrained while listening to the music of their choice. This also allows for easier management and administration of the materials in the Cayvan Center as all files will eventually be digitalized onto a server, which can then be controlled through a web interface. 


I was interested in this project as I have never done embedded programming before and I knew developing such a system would be difficult but rewarding once everything started working together. I had to be careful in choosing what libraries and programs we were going to use because there are finite limits to the operating capabilities of the device, from the processing power to the available memory. I had to choose libraries to display information to the user, otherwise known as a Graphical User Interface (GUI), a library to communicate with the streaming server to find out what files are available, and a library to actually play the audio streams chosen by the user. Because the hand-held device's processor was to be a different machine architecture than the machine I used to develop the application (ARM versus Intel x86), I also had to find a tool that allowed me to compile these libraries and tools so that they would run on the device. On top of all of this, I had to find an emulator for this ARM architecture as the device itself would not be ready for the application for some time.


The project for the most part progressed smoothly, albeit slowly. I chose to use the very popular and very powerful Qt3 windowing library for the GUI after I discovered the embedded version of the library known as Qtopia Core. Qt in itself is a very, very large library, but with Qtopia I was able to build a client that was plenty small for the space constraints on the device, while keeping the configurability and ease of development of the full library. Using this library allowed me to spend more time in the design and development of the application without having to deal with gotcha's or other limitations commonly found in other windowing libraries. For playing the audio streams, I chose the ogg1234 program as it is small, easily compiled for any platform, and included support in reading from streaming sources as well as local files, something I was afraid I might have to develop myself. For communication with the central server I found a small library called XmlRpc++5. XmlRpc6 is the communication protocol I chose to use for this project as it is easy to set up, easy to use, and very lightweight. The XmlRpc++ library is an implementation of the XmlRpc protocol in the language I used in the application. This library, like the ogg123 program, is also easy to compile for any architecture, a common theme when deciding what tools to use.


There really are two different servers in this project, though both will be running on the same computer. The first server is the one which uses XmlRpc to communicate with the client. This server controls a database of available departments, classes, and files and the relationships required for proper ordering. This server is written using the Ruby7 programming language and uses a PostgreSQL8 database. The second server is the official audio streaming server. I investigated a good number of different streaming servers including Apple's Darwin Streaming Server9 and a popular streaming library called Icecast10. In the end, I found and decided to use a small server named GNUmp3d11. I chose this program because it was the only one with both a simple web interface, special support for OggVorbis files (an OpenSource12 file type much like the popular MP3), and an ability to specify both a file or a playlist to stream from the server. The other servers I investigated only allowed for specifying playlists, which would require the database server to create these files, adding complexity to the server, along with not being compatible with the ogg123 program for playing.


The device itself was initially planned to be based off of the Itsy13 hand-held computer from Compaq Research. This decision had to be changed pretty much right away for reasons described later. The EE team was initially tasked to design and develop two add-on boards for the hand-held device: an audio controller board and a Bluetooth controller board, but because of the required hardware change, the team ended up designing not only the two add-on boards but a lso a 'mother board' on which all parts of the system would sit, as well as research, price and purchase a separate LCD module for the device's display.


The most difficult part of this project for me was setting up my development machine for ARM14 compiling. This required setting up what is known as a cross-compiling tool chain, a system in which a compiler on one architecture will produce files meant to be run on a different architecture. Creating such a tool chain requires the recompiling of many different system libraries for this new architecture thus opening up many possibilities for file incompatibilities. This process also takes a long time so any mistake made may only show up after thirty minutes to an hour of recompiling, requiring the entire process to be restarted. Thankfully I was able to find a few tools that simplified the creation of the tool chain.


Once my environment was set up, the creation of the application itself was a breeze. I created a simple one-screen application that displays lists of text, starting with a list of the departments who have files available. After the user selects a department, a list of classes is shown, and once the user selects a class, they get to choose which file to play. On selection of a file, a dialog pops up and the audio file starts playing. The dialog shows the Play, Stop, Pause, and Close commands, allowing the user to control the playing of the audio. In order to show these lists, the application on startup communicates with the server via the XmlRpc protocol described above asking for the lists the user has requested to view. On selection of a file to listen to, the application requests the server for the Uniform Resource Locater (URL)15 string, which the application then feeds to the ogg123 program for playing.


In my initial proposal of this project, I listed out a few potential issues that may slow us down in the development of this device and software. This list included items like 

· Inability to get the correct hardware

· Hardware aspect of the project taking much longer than anticipated

· Not enough time to develop the project into a usable system.

At the beginning of the year, not long after this project started, we knew that the hardware choice was going to be an issue as we lost the professor who usually funds such projects. This required us to rethink the choice of using the Itsy device and began looking for a cheaper system. We found and decided to use the Triton16 chip. This required us to create our own casing and learn how to use the development kit as well as developing the required audio and Bluetooth boards. It was only after the EE team understood and was able to use the Triton chip were we able to get the application on the device for testing. 


In developing the application I did not run into many problems thanks to the Qtopia windowing library. At the beginning of this semester I had to change the design of the application slightly after we finalized the hardware selection, for obvious reasons. It was only then that I found out the exact size of the screen and how it was going to be placed in the device and whether the screen was going to be in portrait or landscape mode, changes that were quickly and easily made to the application. Another issue that only recently arose was a hardware issue that is limiting the available input signals to Up, Down, and Enter. This required a small redesign of the PlayerDialog to show a text list (as seen in the screenshots below) instead of buttons along with eventually creating a custom input system to take the place of Qtopia's default imlementation. 


This was a very ambitions project for both the Electrical Engineers and for myself. The EE team was tasked to create an entire computer system on a single board, which is no small feat, and I was tasked with writing software to work on this custom system, on a different machine architecture than I am used to working on. There were many unknowns in this project, from how different chips (audio, Bluetooth, etc) were going to be integrated into the system, to how the software was to be built, compiled and run on the resulting hardware. Of course, these unknowns were what made the project interesting and worth our time. 


Our initial project design specification stated that we were to build a hand-held wireless system that streams audio from a centralized server through a custom built application. We were successful in this, short of a few library problems in linking up the application with the audio software on the device. The other third of the project was for us to develop a thin-client, otherwise known as a dumb-terminal, video monitor. These thin-clients would have a Bluetooth emitter that searched for the hand-held clients. When a hand-held detects a video terminal near by, the client application switches to a remote control for that video monitor, allowing people to watch videos through the same system. We were not able to implement this system, though ever system needed to make this part of the system work is in place, so implementing this part of the system would not be difficult.


In the end, all of us on the team are very impressed with the project and what we have accomplished in this short time. We have all learned a substantial amount about embedded devices and embedded programming, knowledge that will no doubt assist us as we enter the work force. We would like to continue working on this project through the summer and maybe even see a first model completed and put into testing or even full use.  If time constraints prevent us from continuing work on this project, we would like to see a team next year pick up where we left off and actually get the system up and running by the end of next year. Regardless, what is required before the system can be effectively put into use are the following:

· Completing the enclosure

· Installing software onto the completed board and making sure everything works

· Installing and configuring an official server

· Developing the Bluetooth video thin-clients

· Development of the client application to include the video thin-client functionality

· Developing / Finishing writing drivers to deal with input and Bluetooth detection

· Develop a Web Application through which professors can manage files available for their classes

· Implementing Digital Rights Management (DRM) software to deal with copyright issues

· End to End system testing

Because the design of the final board is basically finished, finishing this project would be better fit for a team of Computer Scientists with an Electrical Engineer or two for system modifications and consulting. Overall this was a very good project. I've fully enjoyed the team I was with, learning about both the hardware and software side of embedded systems, and working on a project that hopefully will benefit Calvin and its students in years to come.

Appendix

UML Diagram of the Application
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UML Diagram of the Server
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Application Screen Shots
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The first list that a user will see is the list

of departments, as seen here.

[image: image4.png]listen.ogg

Current Information:

Back

Department. HIST

Course: 202

File:





After selecting a department and a course,

the user will be presented with a list of

files available for listening to.
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After selecting a file to play, this dialog will

pop up and the file will automatically start

playing. This dialog gives the user control

over the playing of the selected file.

Endnotes / Resources

1. 802.11b Wireless Standard: http://grouper.ieee.org/groups/802/11/
2. Bluetooth Wireless Protocol: http://www.bluetooth.com/bluetooth/
3. Qt and Qtopia Windowing Libraries: http://www.trolltech.com
4. OggVorbis and VorbisTools: http://www.xiph.org/ 

5. XmlRpc++ Library code and documentation: http://xmlrpcpp.sourceforge.net/
6. XmlRpc Protocol Specification: http://www.xmlrpc.com/
7. Ruby: http://www.ruby-lang.org
8. PostgreSQL Database System: http://www.postgresql.org
9. Darwin Streaming Server: http://developer.apple.com/opensource/server/streaming/index.html
10. Icecast Shoutcast Server: http://www.icecast.org/
11. GNUmp3d Streaming Server: http://www.gnu.org/software/gnump3d/
12. What is OpenSource? http://www.opensource.org/
13. The Itsy Hand-Held Computer: http://research.compaq.com/wrl/itsy
14. ARM Architecture: http://www.arm.com/
15. What is a URL?: http://en.wikipedia.org/wiki/URL
16. Triton Computer: http://www.karo-electronics.de/triton-270.html?&L=1

