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Abstract

This paper describes the presentation component of a Web-based Learning Management System called VClass. The presentation component, Web Based Class on Demand (WcoD), utilizes both static information (i.e., electronic documents and images) and dynamic information (i.e., audio/video streams) along with interactive information to enhance typical learning contents presentation. Learning objects, comprising of static and dynamic information, are stored on a multimedia database and can be retrieved on-demand via Web browsers. User interface is divided into three sections displaying static, dynamic and interactive information, respectively. Viewers can control the audio/video presentation through a set of VCR-like functions where corresponding static information is synchronously displayed using the developed Java applet controller and a dynamic pointer mechanism. An electronic notepad as well as interactive information in the forms of chat, discussion board and email help provide a close to "real-life" classroom environment.

1. Introduction


Education is inevitably moving to the new era where location and time are no longer two major barriers for teaching and learning. Distance learning holds the key factor to achieve an ideal concept of “education for all”. Nevertheless, the successfulness of distance learning depends very much on both strategy and technology aspects. The strategy involves systematic planning and decision making whereas the technology plays an important role in information base and distribution concepts. Among the technologies employed by distance learning, Internet technology holds a great promise in providing an effective means to quickly and inexpensively deliver large amount of information from one location to another via global interconnected networks. Through the use of the technologies, learners are encouraged to actively seek out information and share their works with others on electronic networks. These activities in turn help learners develop their skills in communication and spark self-reliance with excitement for learning. In addition, learners of every level of education have an greater intellectual capacity without the barriers of a traditional educational forum. However, due to the immature, non-standard delivering technologies as well as the network bandwidth deficiency, most of the developed Web based distance learning applications merely involve static information such as text and still images. Although there are some obvious advantages of such applications, eg., i) easy to implement and ii) useful in terms of content retrieval, the use of dynamic information such as audio/video could significantly improve the teaching/learning environment as the technological  shortcomings will soon be overcome by the new emerging multimedia delivering technologies and high speed network connections.


The organization of this paper is as follows: Section 2 reviews currently emerging technologies on compression and video streaming; Section 3 describes WCoD architecture and Java applet controller; Section 4 presents an implementation of the WCoD application; Section 5 draws conclusions and outlines research direction.

2. Video Compression and Video Streaming Technologies


Network bandwidth deficiency has long been a problem in transferring large amount of time sensitive data, such as video information, across the interconnected network. Only recent that video streaming is truly feasible to be implemented on the Internet. This is more or less resulting from faster and more efficient data compression techniques and delivering protocols. Currently, there are a number of compression techniques available in both standard formats, such as MPEG-1, MPEG-2, MJPG, and proprietary formats, such as RealVideo. As each format carries some distinct characteristics to serve different bandwidth ranges, selecting an appropriate compression technique is a crucial factor in Web based video streaming. Table 1 describes compression algorithms used and their target bandwidths for some of the mentioned techniques [1,2,3].

	Format
	Codec
	Target bandwidth

	MPEG-2
	Discrete Cosine Transform (DCT) with motion prediction Based on MPEG-1
	500 Kbps – 2 Mbps

	MPEG-1
	Discrete Cosine Transform (DCT) with Motion Prediction Based on H.261
	170 Kbps – 1.5 Mbps

	RealVideo
	RealVideo Standard and RealVideo Fractal
	10 Kbps – 500 Kbps


Table 1 Examples of compression algorithms and their target bandwidths of different compression formats

Apart from the section of an appropriate compression technique, another factor that is as equally important in enabling such timely transmission lies upon the chosen delivery mechanism specified by transport protocol. The protocols are available in variety of formats each having its own transmission characteristics such as an unreliable use datagram protocol (UDP) and a reliable transmission control protocol (TCP). An example of the protocol which is specifically designed for handling timely delivery is Real-Time Transport Protocol (RTP)[4]. The RTP protocol provides timely delivery and quality-of-service through the use of lower-layer of its OSI architecture. These properties make the protocol highly suitable for applications which transmit real-time data such as audio and video. Similar in the usage, Real-Time Streaming Protocol (RTSP)[5] provides a means of controlling multiple data delivery sessions on-demand. It works by setting up a negotiating mechanism which handles the media information request and the acknowledgement between a client and a server, and leaving the media transmission process to be handled by the server. This allows the protocol to be released from any transport-level connection. In consequence, data can be transported over different kinds of delivery channels such as UDP, TCP, etc.

3. Web Based Class on Demand Architecture and Java Applet Controller


Aiming at an effective multi-platform teaching and learning application for distance education, Web technology with two standard protocols, i.e., HTTP[6] and RTSP are chosen for the implementation. Class’s lectures compose of both static information (e.g., electronic documents and images) and dynamic information (e,g., audio/video streams) are stored on an multimedia database and sent, per request, to a client (i.e., Web browser) over the network. Incoming audio/video streams can be controlled by a viewer through a set of user interfaces, i.e., play, stop, rewind and fast forward. During the play back period, the associated static information in the form of a Web page containing text and images is synchronically loaded using a Java applet controller. In addition, the dynamic pointer mechanism is used to locate the exact location of the information on the Web page relevant to the dynamic information at a given time. Through out the on-line lesson, the viewer can off-line interact with the instructor (question posting) via e-mail or on-line interact with other classmates via Chat session. Electronic notepad is also available for recording personal notes and comments. Figure 1 describes the basic structure and primary components of the WCoD application.
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Figure 1 Basic structure and primary components of the WCoDapplication


According to the above figure, the application composes of three main components: Web browser, media player and interactive tools. The browser component is responsible for the retrieval and the display of static information resided on the multimedia database via Web server using HTTP. On the other hand, media player component accesses the dynamic information from the database via media server using RTSP. Interactive tools, i.e., e-mail, real-time chat and electronic notepad are connected to Mail server, Chat server and Web server, respectively. Information resided in the database comprises or various formats: text and image documents which are converted and stored in the Web based graphical formats such as jpg, gif, etc. Audio/video information are encoded and archived in an appropriate format respective to the media player used.


The synchronization between static and dynamic information during the presentation period is accomplished using a Java applet controller with its operations as depicted in Figure 2.
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Figure 2 Java applet’s operations

Essentially, the applet functions as an autonomous agent that regulates transitions of the static information according to a set of rules specified in an EVENT file. The EVENT file contains two types of parameters: transitional time and actions to be executed. Here, the actions are implemented as JavaScript functions. Multiple functions can be associated to a particular transitional time in the format depicted in Fugure3.
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Figure 3 EVENT file format

When a viewer requests for a lesson and the lesson is retrieved from the server to the client browser, the applet initializes the JavaScript objects containing different transitional functions such as loading an image, moving a pointer, etc. It then identifies the media player’s object ID for later temporal data retrieval process. The EVENT file is then retrieved form the database and stored in the memory. Finally, a timer object is set to initiate periodic inspection and comparison of the media’s playback time against the time attribute which is now residing in the memory. When a match is found, JavaScript functions associated to that particular time are executed to initiate the transitions.



Question posting via e-mail facilitates the viewers with an off-line interactive environment. The questions posted by the viewers during the lesson are sent to the mail server for delivery and the information (e.g., current media’s playback time and message contents) is registered onto the database. When the reply is received, the EVENT file associated to that particular lesson is updated with a new action for displaying the question/answer message. This setup enable any viewers to be to immediately retrieve, if needed, the question/answer messages significant to a particular part of the lesson on the subsequent viewing of the lesson without having to wait till the end of the lesson or manually search through the database.


An on-line interactive environment is provided through the Chat utility. The utility is based on the client-server architecture. Viewers can communicate among each other by requesting a chat session from the server using chat client software. Once the connection is established, the server exchanges all messages among clients currently connected. Different chat channels can also be accommodated by the server, if different discussion topics are required. Electronic notepad is provided for recording personal notes and comments. When the electronic notepad is activated, the browser sends an information retrieval request along with the viewer’s ID to the server. The server then searches the database using the specified viewer’s ID and sends back the requested information to the client. Additional information can also be updated for future retrieval.

4. The Implementation


The test system is implemented using client-server architecture. Clients and server are connected via Local Area Network with 100 Mbit/s communication line as depicted in Figure 4. The server machine is a 400 MHz Pentium processor running a WindowsNT operating system. The server machine is configured to provide all the necessary services (e.g., Web, Chat, Mail) required by the WCoDapplication. Real server developed by RealNetwork is selected for the media delivering service. The audio/video information is encoded at a bit rate of 150Kbit/sec using RealVideo encoder and is stored in the database. The client machines are Pentium based computers with multi-media capability running Netscape Communicator, a Java capable browser, developed by Netscape communication.


[image: image4.wmf]Server

Client #1

Client #2

Client #3

CAT 5 cable: 100Mbit/s

….


Figure 4 System setup

As mentioned earlier, the Web page user interface is divided into three sections containing static information, dynamic information and interactive information, respectively. Figure 5 illustrates the organization of each section.
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Figure 5 Web Based Class on Demand’s user interface

5. Conclusions and research direction


This paper describes an approach to improve teaching and learning application for distance education by including the use of dynamic information and interactive functions. The augmentation introduces several advantages such as a lesson can be presented with a more close to the “real-life” classroom experience. That is, learners have full control over the learning pace and share among themselves relevant information during the viewing of the lesson. Dynamic information also provides a more effective means of illustration in a situation where a lesson contains complex ideas or complicated material (e.g., simulation and modeling). Developing the application on Web technology also allows a cross-platform environment, thus, makes it highly robust and easily scaleable. Future research includes integrating WCoD onto the VClass environment and experimenting on different encoding rates to investigate on how they affect the overall performance of the application in terms of the synchronization accuracy and optimal information retrieval speed under heavy load.
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