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Abstract

The primary means of the CSVE for communication among users within a session is the use of a chat program.  This project intends to extend the functionally of the CSVE by adding in the CSVE the ability to stream audio, video and media files via the Internet utilizing the Real-time Transmission Protocol.  This will be accomplished by utilizing the Java media framework application programming interface.

1.  Overview of the company

The funding for the development of this project was provided by a grant from the Alaska Experimental Program to Stimulate Competitive Research (EPSCoR).  

EPSCoR is a university-based federal-state partnership that aims to enhance science and technology infrastructure - in education, in the private sector, and in related government programs. EPSCoR operates on the principle that aiding researchers and institutions in securing federal R&D funding will develop a state's research infrastructure and advance economic growth. The core of every state-centered EPSCoR program is a partnership with the National Science Foundation.

Alaska EPSCoR is a partnership devoted to growing Alaska's scientific research capacity. The University of Alaska Fairbanks is the lead institution for Alaska EPSCoR programs, which are administered from doctoral campuses in all EPSCoR states. Alaska EPSCoR is funded by the National Science Foundation and by an in-state match for a three-year period. Alaska EPSCoR also has awards from the National Institutes of Health and the Department of Defense. Their research investments are complemented by high school and university educational programs, and cooperative initiatives with state agencies and the business community.

2.  Overview of the project

CSVE, a basic collaborative scientific visualization environment, was developed under a National Science Foundation (NSF) MRI grant and a NSF REU Supplement to the grant, 0215583, during FY2002. CSVE was demonstrated in a prototype collaborative scientific visualization of a time-dependent two-dimensional oil reservoir simulation.

CSVE allows any number of scientists to explore the simulation for oil reservoir sweep realizations, to interactively roam and zoom an array of time-dependent data sets, and to interact in other ways. Groups of scientists at remote workstations share the user interface and visualizations. The oil reservoir simulation is one of many examples of how the CSVE collaborative scientific visualization environment can be used.
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Figure 1. CO2 is pumped into an oil reservoir through an injection well displacing the oil towards a production well.

CSVE is a basic collaborative scientific visualization environment that allows any number of scientists to explore scientific data, and to interact in other ways. Groups of scientists at remote workstations share the user interface and visualizations. CSVE is a client/ server network application. The server allows scientist to administrate a scientific database that stores scientific data, user information, and session creation.

The client provides a desktop with several internal frames that can be viewed as a workbench for collaborative scientific visualization. The internal frames make available collaborative visualization and communication utilities.

Key to these utilities for collaboration is the user interface allowing for streaming media.
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Figure 2. The current collaborative offerings of the CSVE client.

An important aspect with the collaborative scientific visualization environment is communication, whether the source is audio or visual.  Providing a video channel adds or improves the ability to show understanding, forecast responses, give non-verbal information, enhance verbal descriptions, manage pauses and express attitudes [Isaacs, Tang, 1993].  

The streaming media aspect of the CSVE was developed using the Java Media Framework (JMF) to help realize the benefits mentioned above.  

Video support is provided under the JMF for cameras utilizing Video For Windows as well as the ability to utilize V4L drivers for the Linux operating system. XJPEG and YUV capture formats are transmitted as JPEG and H263, respectively.  

Audio support is provided via Java using Direct Sound for Windows as well as JavaSound for both Windows and Linux.  Regardless of the local format chosen audio is streamed using the DVI (direct voice input) format at 8000 Hz, mono.  This ensures the highest quality at the lowest bandwidth. 

The ability to stream media files is also provided with the CSVE.  JMF currently supports the following file types: AIFF, AU, AVI, GSM, MIDI, MPEG, QuickTime, RMF, and WAV.  Other file types such MP3 are supported in a platform dependent manner.

This application utilizes the JMF API for Real time Transport Protocol for multicasting and multi-unicasting media in the collaborative session.  Via the server, ports for the streaming media are allocated, tracked and released dependent on the originator of the media who is providing the streamed source.
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Figure 3.  Local and Remote Streaming Audio frames which allow you to monitor your own audio transmission as well as receive other user’s audio within the collaborative session.
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Figure 4.  Local and Remote Streaming Video frames allow you to use and receive non-verbal communication, a key to collaboration.

Additionally desktop capture is provided to allow users to collaborate regardless of the application they are utilizing.  
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Figure 5.  Collaboration is more then just talking and watching.  The local and remote desktop capture frames allow you to see what others are working on within the collaborative session.
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Figure 6.  User Interface: Your panel allows you to set what you want to make available.  Other panels provide you access to what other users are streaming.

The user interface provides a simple means to not only access your own media, but to easily see what others have made available for you to receive.

The initial offering of the CSVE contained only a simple chat program for communication and a simple user panel to see who is in the session.  

It is the inclusion of these media streaming tools within the Collaborative Scientific Visualization Environment that marks them as innovative and greatly extends the functionality of the CSVE markedly increasing the efficiency within a session.  It is these media streaming tools that really put the collaborative in CSVE.
Collaboration can be done with a simple chat program.  But you never could accomplish as much as you could with the tools provided by this CSVE version.  There are so many visual and audio cues humans require for communication.  These tools bring on-line collaboration a bit closer to face to face and bring a bit more reality to an on-line environment.

3.  Planning Process for the Project

Dr. Patrick O’Leary developed the initial core framework of the CSVE in Java intending for the final product to be utilized regardless of operating system.  As this project was planned to work within CSVE it had to be developed under the same guidelines therefore restricting development to the Java programming language.  

Initially prototypes were created to play media files locally.  Additionally prototypes were created to capture from a microphone and camera.  These prototypes were invaluable as the JMF API, while providing the means to play media files and access the needed peripherals, was not very clear on the exact steps and procedures for implementation.  

These prototypes helped point out several bugs that might have carried over had they not been used and helped during the abstraction phase now that a general understanding of what was required had been achieved.  One major issue is the handling of threads.  The prototype for playing media files was initially written on the Windows platform.  Files would start up and play just fine on Windows.  However, when this code was moved to the Linux platform for further testing none of the files would load or start.  In order to bring things in-line with the cross-platform development threading and thread synchronization had to be used.  

Simply put on the Windows platform you could simply hand off the media file to a JMF player and then put the player in a frame.  It was not this easy on Linux as you had to walk the player through step by step only accessing the visualization and sound players of the media file once they were properly started.
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Once prototypes were completed for accessing the media an abstraction was done to try and figure out how everything was going to fit together under the CSVE framework.







Figure 7.  Initial abstraction for working the aspects of media into the CSVE.

Given the fundamental similarities with which the media is delivered from the JMF player between capturing audio from a microphone, capturing video from a camera and playing a media file (at least as so far as JMF is concerned) a media frame was envisioned to work as a general container for each of the media types.

MediaStream.class was a class that contained the entire information one user would need to connect to another user to receive the media.  

This abstraction went through many forms, yet always stayed close the initial concept.  As this project was fit into the CSVE framework messages for each of the media types were added to allow users to know when a stream was available.  Also an RTP server and receiver were added to allow the streaming of the media.

4. Detailed analysis and design of the solution/description of implementation
Since this project was designed specifically to fit within CSVE, this narrative describing the design will assume that the user has logged in to a session properly.  Additionally, for purposes of clarification, classes will initially be referred to with the .class extension and during the discussion will be referred to by the common English name (i.e. participantsFrame.class will be referred to as participants frame).

This will follow step by step what is happening in the code as the user starts and then receives each of the three primary types of media, audio/video/media files, as well as desktop capture.

Initially, when a user logs into a session, a media user is created on the server to track changes made to the user.  The media user on the server stores not only the general user information but also all streams that are available.  This is imperative in that if a user makes a stream available, other users who log into the session after the stream has been started must be able to receive the streams as well.

Once a user logs into a session he receives a list of current users in the session.  The participantsFrame.class checks each user against the name of the person who logged in.  Once the check is completed a UserPanel.class is created for each user in the participants frame, setting the button status of each of the media to true or false based on what media the user has available.  When there is a match between the person who logged in, and the user received from the server a user panel is created that has all buttons available.  This allows the user to make their own media available to stream to other users.

Streaming Audio/Video/Files – Transmitting

When the user clicks on the audio or video button or selects “Create new media stream...” from the combo box on their own user panel several things happen at once.

1. A media frame is created to start the audio, video or file

2. A request is sent to the server to allocate a block of ports to transmit the media on containing how many ports are needed and the identification of the media frame it is intended for.

3. If the source is audio or video, the respective button is disabled so the user cannot try and start up the media twice

When the media frame is created a call is made to SupportedCaptureDevices.class for the available devices the system sees based on the type of media.  This list is presented to the user in a JOptionPane.class allowing the user to choose the format they want.

Once the format is chosen, a processor for accessing the media is created and the media frame thread is started to wait for the message back from the server for the ports that the data source will be transmitted on.

When the server receives a request for a block of ports it looks for a sequential block based on the number of ports from the request.  Having found a block of ports for the user, a message is sent back telling the user what ports to use.  SessionThread.class on the client side takes the message and passes it off to the participants frame who then finds the owners user panel and passes the message of to it.  User panel looks through it’s list of active media frames and finds the one the message is intended for based on the identification of the message.  The media frame is then updated with the ports it needs and the thread continues.

Now knowing what ports to use a MediaRTPServer.class is created passing in the processor created earlier and the ports.  A PushBufferDataSource.class is created from the processor.  This data source is used to create an RTPManager.class, which handles most of the transmitting of the data for use.

Once the RTP manager is created it needs to know who to send the data to.  The Media RTP server gets the list of current users from the participants frame and broadcasts to every user but the owner.  As things will now be broadcasting properly, a PlayerWindow.class (a Sun class) is passed the processor to play the media locally.  

Returning back to the media frame, now that the media RTP server has started correctly a message is sent to the server that this user had made audio, video or a file available.  The message contains the MediaStream.class that corresponds to the stream, the starting port, the number of tracks and the name of the file.  If it is audio or video the file is named as such.  The server updates that user locally and passes on the message to all other users.

When the media frame or player window that contains the media is closed by the user broadcasting it the processor is stopped to release the device.  A message is then sent to all users that the source is no longer available and disables the button or removes the file from the combo box.  An additional message is sent to the server to release those ports.

Transmitting files is handled very similar to the above method.  The only differences are:

1. User is not given an option for format but rather a file chooser opens up for the user to pick which file they want to transmit

2. Rather then passing the processor to the player window, the media frame handles the playing of the media itself

Streaming Audio/Video/Files – Receiving

When the message is received by the client that another user has made audio, video or a file available for streaming that user’s button on their user panel for the specific media is enabled in the case of audio and video or the combo box is updated with the file name.

The user then clicks on a button of the media or picks the file from the combo box to start receiving.  The user panel finds the media stream that corresponds to the button or choice from the combo box and creates a new media frame, passing it the media stream.

The media frame creates a MediaRTPReceiver.class, passes it the information from the media stream and starts a thread to wait until the media RTP receiver is finished.

The media RTP receiver creates an RTP manager, initializing it with the I.P. address and port of the source.  It then waits until it receives an RTP stream.  Once the stream starts, a processor is created from the source of the stream.  Control is then handed back to the media frame.

The media frame gets the player from the media RTP receiver and checks for visual components as well as control panel components.  Anything the media frame finds it adds to itself.  When receiving a file there is the possibility that there will be two media RTP receivers running.  One will handle receiving the audio and the other will handle the video.

Audio/Video/Files – Additional Issues

There is a class called FindDevicesDialog.class that is not discussed above.  This is intended to be run before CSVE starts up.  This checks what peripherals the systems sees in regards to audio and video.  Initially this was incorporated within the CSVE itself.  In Windows it worked perfect, checking to see what audio and video devices were available and then checking those devices to see what formats they supported.  The problem arose in the Linux systems in that when it was completed checking for formats it would not release the device upon completion and therefore the device was not available until the Java virtual machine was completely exited.  

This same problem was discovered in JMF’s own stand-alone media player, JMStudio leading us to believe the bug was in the JMF API.  The decision was made to remove this from CSVE so it did not interfere with the application and to run it as a stand alone application which would start prior to CSVE starting.  

What is also not mentioned is what happens when a new user joins a session after the media has started streaming.  Actually this process is rather simple.  When the participants frame receives the notification to add a new user, that user’s information is passed to the owner of the participants frame user panel.  The user panel searches through its list of media frames that it is playing locally and passes in the information about the user to the addTarget method of the media frame.  The media frame then simply passes that information to the media RTP server’s addTarget method.  Since the media RTP server maintains a copy of its RTP manager, the media RTP server calls the addTarget method of its RTP manager, passing in the I.P. address of the user.

This way anytime there is a new user added after the media has already been started the new user can receive the same data as all other users.  Since a copy of all users is kept on the server, when a new user joins in it already knows what other users have made available.

Desktop Capture – Transmitting/Receiving

The initial implementation of CSVE contained a complex and unintuitive radar type system so that users could see where other users had put the components of CSVE on their desktop.  The suggestion was made to Dr. O’Leary that, rather then trying to work with the radar system, it would seem more intuitive that if a user wants to see what other users are doing to simply pass around a screen shot.  Since this project took control over of the participants frame it naturally fell here to implement this.

First a user has to make their desktop available for capture before another user can see it.  This is done by clicking on the desktop button of the user panel for the owner of that participants frame.  When the button is clicked a media frame is created and to the media frame a DesktopCapturePanel.class is added.  To the desktop capture panel a DesktopCaptureCanvas.class is added.  Here is where the real work begins.

The desktop capture canvas starts up a Robot.class to take a screen shot of the desktop.  It then starts itself as a thread.  As long as the media frame containing the desktop capture is running, every six seconds the image of the desktop is updated.  Once the first image is taken a message is sent to the server that the users desktop is now available.  The server updates the user and then broadcasts to all users that this user now has made their desktop available.  When the remote users receive this message the desktop button is enabled for the user.

Once the remote user clicks on the desktop button a media frame is created that contains a desktop capture panel, to which a DesktopReceiveCanvas.class is added.  When the desktop receive canvas is added a request message is sent to the user for a copy of their desktop.  When a request comes in for a desktop image, the getImage method of the desktop capture canvas takes the current image it has stored and uses the PixelGrabber.class to break the image into an array of integers representing each of the pixels in the image.  A response message is then sent out containing the array of pixels.  The desktop receive canvas takes the array of pixels and reconstructs the image into the desktop receive canvas.  

From here on out the remote user can click on the “Refresh Desktop Image” button in their media frame to grab a new copy of the desktop image.  The initial implementation of the desktop receive canvas requested a new desktop image every three seconds rather the providing a button to refresh the image.  However it was found that when there was more then three or four users requesting the desktop image the user who was broadcasting the desktop image tended to get bogged down as all the requests kept coming in.  To combat this a “Refresh Desktop Image” button was added, and other then the initial request for the image the desktop receive canvas no longer automatically requests a desktop.

Additional Functionality – VTK capture

Dr. O’Leary made two requests, time permitting, to extend other areas of the CSVE.  In order to take full advantage of the grant, time was found to meet these two requests.  

The first request was a Visual Tool Kit (VTK) frame capture to the whiteboard.  VTK uses the Java native interface to work with both Java and C files.  The frame capture under VTK utilizing the C libraries has a bad memory leak and additionally would often crash the Java virtual machine.  I made the suggestion that, rather then trying to work with the VTK to do this across Java and C, why not simply use the Robot.class to take a screen capture of just the VTK frame and send the image to the whiteboard.

A capture button (looking like a camera) was added to Anastasia Mironova’s VisualizationFrameToolbar.class.  The button simply sends a message to the server that all users need to take a capture of the VTK frame.  The server gets the message and broadcasts it to all the users.

When a user gets the message in, the size and location of the VTK frame are stored.  The frame is then set to 300 x 300 and moved to the top left hand corner of the screen.  Once that is done the Robot.class is used to take an image of the desktop from the top left hand corner of the desktop from 0, 0 to 300, 300.  That image is then passed to the whiteboard and the size and location of the VTK frame is returned to the original settings.

Additional Functionality – Moderated Sessions

Dr. O’Leary also said he would like to have moderated sessions.  In a moderated session, only the moderator can control the VTK frame and whiteboard.  This required collaboration with both Dr. O’Leary and Ms. Mironova as Dr. O’Leary’s whiteboard panel code and Ms. Mironova’s VTK panel code had to be modified to check for a moderator before any changes where made to their panels.

To the participants frame a panel was added that contains a label for the current moderator and a combo box was added so that the moderator can release the moderation to another user.
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Figure 8.  The participants frame in a moderated session
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Figure 9.  The participants frame in an unmoderated session

The first user to log into a moderated session is set as the moderator.  As additional users log in they are added to the combo box to which the moderator may release moderation.  

The session form for creating sessions was modified to include a check box for moderation.
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Figure 10.  The moderated check box added to the session form.

Now that a session knew whether it was moderated or not, a MediaUser.class and a boolean was added to the Group.class on the server for tracking moderator.  Modifications to the group were quite simple.  If the session is moderated and the source of the visualization message or whiteboard message is the moderator, broadcast the message.  If the session isn’t moderated then broadcast the message regardless of the source.  

It may seem like this was all that was necessary.  The issue is that both the VTK panel and whiteboard panel make their changes locally before sending their message that a change has been made.  If a session is moderated however no changes should be made.  A static method was added to the participants frame called isModerator.  The VTK panel and whiteboard panel were modified to only make changes to their respective panels if isModerator returns true.  isModerator checks the label for the name of the current moderator.  If the name there is the owner then it returns true.  It also returns true if “not moderated” is found.  Otherwise it returns false. 

If the moderator clicks the combo box and chooses a name to release moderation to, a GroupUpdateModeratorMessage.class is sent to the server.  The server checks to see that the source of the message is the moderator.  If it is, the new moderator is extracted from the message and updated.  The message is then sent to all other users to change their label to the name of the new moderator.

5.  Screen Shots/User Guide
Please note these screen shots were taken prior to the additional features discussed immediately above.  Therefore moderator and VTK capture are not shown.
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Figure 11.  This is a screen capture of Anastasia Mironova’s desktop running on Windows.
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Figure 12.  This is a screen capture of Brian Mullen’s desktop running on Linux.
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Figure 13.  This is Chris Johnston’s desktop on Windows.  He is logged here into the CSVE session as Eva B. Mullen.
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Figure 14.  While this simple block diagram doesn’t show the complete complexity of this project, it does show how each of the classes spawn one another

User Guide/FAQ for User Panel and Media Interface for the Collaborative Scientific Visualization Environment (CSVE)

What this guide/FAQ will not do:

While it would be nice to answer all questions on all areas that relate to the User Panel and the various aspects of CSVE dealing with media, this is not possible.  We will try and answer those that relate to the user interface and use of the media.  

This guide is not intended to help you install any media hardware (such as video cameras and microphones).  Please refer to the manufactures' installation instructions.  CSVE assumes that the hardware you are using is correctly installed already.  Refer to the discussion below for additional information.

This is also not intended to help you install the Java Media Framework.  It is assumed that this has already been installed properly.  Refer to the discussion below for additional information.

Getting Started 
     For Windows Users 
     For Linux Users 
User Panel Interface 
General Information 

FAQ 

1. Another user tells me they have a made video/audio available.  I had the window open but when I click on the button to bring it back I can't because the button is disabled. 

2. I'm trying to stream (file type) to other users and when they try and access it their CSVE crashes.  We are running different operating systems. 

3. I'm trying to stream (file type) to others users and my CSVE crashes. 

4. I can't connect to the server or can't receive any media and am using Windows XP. 

5. When I start capturing my video camera in Windows an extra window comes up. 

Getting Started:

Before CSVE can be used with any media the Java Media Framework (JMF), available for a free download from http://java.sun.com/products/java-media/jmf/2.1.1/, must be installed.  For Windows, Linux and Solaris there are platform specific installations.  All other operating systems must install the general package.

For Windows users: Once the JMF download is complete simply double click the file to install.  Through our own experience we also recommend the follow steps (given only for Windows XP):

1. Click on "Start" to bring up the start menu. 

2. Click on the "Advanced" tab. 

3. Click on the "Environment Variables" button. 

4. This will bring up a window with the text box lists.  One is the "User variables for (username)" where username is your login name. The other list is "System variables". 

5. Important here is the entry "CLASSPATH".  If "CLASSPATH" only shows up in "User variables for (username)" list then you are done.  If "CLASSPATH" appears in both of the list boxes then continue. 

6. Click on "CLASSPATH" in the top list box and the click on the "edit" button.  

7. On a sheet of paper write down everything that is in the box "Variable value" 

8. Click cancel. 

9. Follow steps 7 - 9 for the bottom list box. 

10. Now ensure that everything that appears in what was in the top entry for "CLASSPATH" is also in the bottom entry.  If they are the same you are done. 

11. Edit both entries for "CLASSPATH" so that they are the same, putting anything that does not appear in one into the other.  You are now done. 

The reason this is suggested is because Java, by default, will create a global CLASSPATH for all users. When JMF installs it creates a local CLASSPATH. This causes problems that are solved the easiest by simply making sure that the global CLASSPATH and the local CLASSPATH are the same.

For Linux users:  Once the JMF install script has run from the downloaded file,  you will need to update your .bash_profile to include the new "CLASSPATH" for JMF.  Please refer to JMF documentation for additional information.

General Information:

Once the JMF is properly installed you should use JMStudio to ensure that your devices are properly seen .  

You should also have the JMStudio play any files before you attempt to stream them within CSVE.  JMF does not always gracefully handle media files that contain bad data.  In some instances the file will crash the java virtual machine.  

Before running the CSVE you should run the FindDevices.sh on Linux or FindDevices.bat on Windows to ensure that CSVE will properly see the devices.

It is recommended that for Windows users when utilizing audio capture that you choose Direct Sound rather than JavaSound.

For Linux users you must have the v4l driver installed for any camera you use.  JMF currently only supports the v4l video drivers for Linux.

Once you log into session you'll notice your first and last names in the user panel.  There are three buttons and a drop down command box for utilizing media within the CSVE.  

User Panel Interface:

Under your user panel there are the following options:
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	The eye icon will open your options for streaming video.  If a camera is not found you will be asked to exit the session and run the FindDevices script for your operating system.
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	The ear icon will open your options for streaming audio.  If a sound interface is not found you will be asked to exit the session and run the FindDevices script for your operating system.
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	The window icon will make your desktop available for others to view in a screen capture.  
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	The streaming media drop down list will present you with the option to "Create new media stream..."  By selecting the option you will be asked to open a file.  Once you start this file playing other will be given the option to play it as well.


Initially as other users join the session these buttons will be disabled for them.  As they make their audio, video, and desktop capture available the buttons will be enabled.  Once the icons become enabled you can receive the respective media from them.  

FAQ:

Question 1:  Another user tells me they have a made video/audio available.  I had the window open but when I click on the button to bring it back I can't because the button is disabled.

Answer:  To prevent users from trying to access the same resource twice the button for that resource becomes disabled once opened.  The reason you can not open the window back up again is because it is already open, just minimized.  You should be able to find the window in your task bar.  When the window is closed out the button will become re-enabled.

Question 2:  I'm trying to stream (file type) to other users and when they try and access it their CSVE crashes.  We are running different operating systems.

Answer:  There is a limited number of formats that JMF supports across different operating systems.  Refer to the JMF documentation for what file types are supported.  Also refer to question 3.

Question 3:  I'm trying to stream (file type) to others users and my CSVE crashes.

Answer:  Most likely this is due to a media file that contains bad data the JMF can not handle.  As mentioned above JMF does not always gracefully handle media files that contain bad data.  In most instances the file will crash the java virtual machine resulting in CSVE crashing.  It is recommended that before you attempt to stream any file you attempt to play it at least twice in JMStudio.  If it crashes in JMStudio it is not playable in CSVE.

Question 4:  I can't connect to the server or can't receive any media and am using Windows XP.

Answer:  Windows XP has a firewall built into the operating system that is on by default.  While you can go through and authorize specific ports for the firewall to allow, the span of ports that CSVE needs to utilize in order to stream media makes this rather prohibitive.  To turn off the firewall follow the following steps:

1. Click on the "Start" button. 

2. Click on "My Network Places" 

3. Under the box on the right of the window labeled "Network Tasks" click "View network connections". 

4. In the network connections window there may be several network connections listed.  The important one here is the connection you are utilizing for your internet connection.  Right click on the network connection you are using for the internet and select "Properties". 

5. Click on the "Advanced" tab. 

6. Uncheck the box under the "Internet Connection Firewall". 

7. Click the "Ok" button. 

After the session, if you wish, you can follow the steps above to turn the firewall back on.

Question 5:  When I start capturing my video camera in Windows, and extra window comes up.

Answer:  There is a known bug with the capture window that CSVE uses to display the local web cam image. The widow can be closed by checking and then unchecking the "Video Monitor" option on the fron of the web cam capture frame.

6.  Analysis of Completed Project

There are primarily two problems with the implementation as it stands.  The first, which does hold potential for growing larger, is that the type of each of the media frames is tracked twice.  There is an int that tracks the media type of the frame as well as a set of booleans for tracking the media type of the frame.  If, in future expansions of the application, someone else who is not as familiar with the code were to leave off setting both the int and the boolean then there is the potential for various aspects of the code to not work.  

The second problem, which is fairly minor, is that 4 ports are allocated for each RTP server.  This is wasteful.  JMF needs 2 ports for each RTP server, one for the RTP stream and one for the control stream, RTCP, for each track.  In the instance of a media file there is the potential for two tracks, and therefore 4 ports, to be needed, one for video and one for audio.  However, for streaming audio and video only one track is needed meaning only two ports are used.  Essentially this limits the amount of available RTP servers possible to 1250 occurring at the same time based on the port allocation within the server for CSVE.  
What makes this issue minor is that as RTP servers are closed the ports that had been allocated are made available again.  1250 concurrent RTP servers running is currently outside of the expected scope of this application.  However this is an issue that should be looked at in the future should the audience of a single session grow to massively large proportions.

Overall this project significantly contributed to the collaboration abilities of CSVE.  While there is a great extent of complexity in understanding the how each of the streaming tool fits within the CSVE framework making the collaboration possible, the individual aspects of streaming media are relatively straight forward.  

7.  Conclusions and Lessons Learned of the Internship Process
I am completely satisfied with the internship process.  The experience gained while working on this will be invaluable to me as I move forward from University of Alaska, Anchorage into the job market as a professional.
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� EPSCoR program information was retrieved from the Alaska EPSCoR web site.





