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Abstract: Distance education is an essential and growing trend in India. Reaching a participant at any remote location in the country to impart knowledge is the goal for such initiatives. Models that use technology to transmit multimedia content in a scalable and cost effective manner are required to achieve this goal. Several network options are available to efficiently disseminate the size intensive multimedia files. While the Internet is the most widely used network in the Western countries for imparting distance education, this may not be the best option for countries like India given the current PC penetration rate and bandwidth availability. Internet provides the flexibility of space and time to individual users. However guaranteeing quality of reception is not possible as the Internet is shared by multiple applications. The problem becomes more acute when video intensive content is used for education, as video files demand larger bandwidth.

With the launch of EDUSAT, India is ready to thrust ahead with wide spread dissemination of multimedia content using the satellite network. Leveraging the available technology to give the best Quality of Service (QoS) to users is key to the success of such an initiative. With a satellite-based model, contents can be disseminated to any part of a region covered by the satellite. However satellite models are cost effective only when the receiving center caters to the community rather than an individual. 

In this paper we discuss several models that can be used for efficient dissemination of multimedia content. Advantages, problems, and challenges in implementing the different models are briefly discussed.  Hybrid models that combine satellite networks and Internet are especially meaningful in the Indian context as satellite networks provide the reach while the Internet can be leveraged to provide flexibility in a local area. Choice of the model finally rests on the requirements of the end users. End users can be from various classes - educational institutions catering to higher educational need, schools, governmental agencies, business organizations and industry, and individual users. Based on the objectives of the program, whether it is targeting a community or an individual user and whether it caters to national or international users, an appropriate model can be chosen. We have mapped the user classes to the models proposed in this paper with a view to provide the basis for choosing one model over the other.

Section 1: Introduction

Distance education is an essential and growing trend in India. Reaching a participant at any remote location in the country to impart knowledge is the goal for such initiatives. Models that use technology to transmit multimedia content in a scalable and cost effective way are required to achieve this goal. Distributing multimedia content to multiple clients pose many challenges due to the following reasons: 

1. Size of files: while there are several encoding mechanisms available for reducing the size, maintaining good quality of reception translates to relatively large size files compared to data files. This in turn translates to high bandwidth requirement to ensure acceptable quality of reception. 

2. Nature of transmission: In multimedia transmission, unlike data transmission, both delay and variation in delay (delay jitter) are important factors. While multimedia applications can tolerate some loss, once the transmission is started, it needs to go on without any interruption.

With the launch of EDUSAT, India is ready to thrust ahead with wide spread dissemination of multimedia content using the satellite network. Leveraging the available technology to give the best Quality of Service (QoS) to users is key to the success of such an initiative. End users can be from various classes - educational institutions catering to higher educational need, schools, governmental agencies, business organizations and industry, and individual users. In this paper we discuss several models that can be used for efficient dissemination of multimedia content. Advantages and challenges in implementing such models are also discussed. We conclude with some recommendations on the models that would most benefit users from the different classes. We list the notation used in this paper in Table 1. The rest of the paper is organized as follows: In Section 1, satellite based models are discussed. Section 2 explores models based on streaming over the Internet. Hybrid networks, which combine satellite networks and Internet, are discussed in Section 3. Section 4 identifies the various user groups and their different needs. We conclude in Section 5 with our recommendations for the appropriate model for the various classes of users.

Table 1: Notation used
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Section 2: Satellite based models
2.1. Model 1: VSAT model 
Satellite networks with dedicated bandwidth provide one solution for distributing multimedia information to remotely located participants. Generic architecture of a satellite-based model is given in Figure 1:
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Figure 1: Generic architecture of a satellite-based model

Working of a satellite-based model:

The multimedia content originates at the SS. Using VSAT technology [7] this signal is broadcast/multicast using a channel to the SRSs. To ensure quality reception, typically the channel used is a Demand Assigned Multiple Access (DAMA) channel, which is contention-free. Considering the high latency in a satellite network (Round Trip Time (RTT) in the range of 250 ms.) [2], dedicated channel access is important to ensure quality of reception as retransmissions are of no value.

Model incorporating interaction with participants: The basic model is enhanced to provide interaction between the two parties (as in the case of a distance education application), by adding a polling channel, which uses a Time Division Multiple Access (TDMA) mechanism. A 16 kbps channel is sufficient to serve the purpose of polling the SRSs, which registers a request for interaction. Through the hub, the 512 Kbps channel is shifted to the requesting SRS, which becomes the broadcasting site. A complete description of features of such a working model implemented for the purpose of distance education at IIT Bombay can be found in [3][4][5].

Advantages:
Reach: Given investments in the receiving infrastructure, this model can be extended to any part of the country. With the provision of International agreements, services can be extended to Srilanka and South East Asian countries (as far as the satellite coverage can be extended).

Scalability: As at any point in time, only one site is transmitting, the data channel requirement remains constant, irrespective of the number of SRSs. Also, since the received signal can be projected on a large screen for the benefit of many participants, this model is scalable to reach multiple participants within a same SRS.

Cost Effectiveness: When the model is scaled to serve multiple participants at multiple SRSs, the initial high investments of the satellite infrastructure can be covered, making the model cost effective.

Interaction: In the case of a distance education application, the model provides interaction not only with the faculty, but also with peers as in the case of a traditional classroom, adding value to the participant.

Disadvantages:
Traveling Overhead: The model compromises on flexibility for a participant, as for the model to be cost effective, multiple participants have to be served by a single SRS. This requires the participant to travel to a SRS, causing overheads, in terms of time and energy.

High Initial Investments:  The model is sustainable only if a minimum number of participants participate and benefit from the model.

2.2. Model 2: A Hub and Spoke Model 
Figure 2 illustrates a hub and spoke model which uses leased line infrastructure in conjunction with the satellite network.
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Figure 2: Generic architecture of a Hub and Spoke Leased Line Model
Workflow in a Hub and Spoke model: 

This model is an extension of the satellite-based model, which allows the initial infrastructure cost to be spread across more centers. The basic idea of this model is to increase the number of RCs in a given area (within a metropolitan, for example) by taking advantage of the SRS’s infrastructure, thereby spreading the cost across more centers.

Given a high density of potential participants in a given area, multiple centers provide easier access to participants, without taking away business from the existing SRS. By using a leased line modem to connect to the router at the SRS, additional centers, from here on referred to as Leased line Receiving Sites (LLRS) can share in the infrastructure to serve more participants in a given geographical area. (It is to be noted that this model is cost effective only when the distances between the SRS and LRS are within 10 kms, so that the recurring LL costs are justifiable by the LLRS). The cost of the satellite infrastructure can be shared amongst the participating LLRSs to make it viable for the SRS to invest in the satellite infrastructure. This hub and spoke model has already been implemented as part of the Distance Education Program (DEP) [1].

Advantages: Considering that this model is an extension of the satellite-based model, advantages elaborated in the previous section hold good for this model also.

In addition, this model alleviates the burden of heavy initial investment by a single SRS by spreading the cost across more centers. The LRSs invest around one third of the amount in the LL infrastructure while paying a fee for using the SRS’s satellite infrastructure.

Disadvantages:
Cost of travel for the participant still remains in this model. In addition, the LRS is dependent on the SRS for providing the service. Thus, the SRS becomes the one point of failure, which brings down all the spoke centers with it, introducing reliability issues in the model.

Section 3: Models for Streaming over the Internet



3.1. Model 3: Streaming model

The two options considered for streaming multimedia files from the Source Site (SS) over the Internet are explained below:

Live streaming: When a lecture is being delivered at the SS as in a distance education application, it is encoded on the fly using hardware based encoding solution, which in turn is streamed to the clients.

In this case, the SS typically hosts the encoding hardware component. The encoded file is sent to the streaming server placed at the ISP’s Internet Data Center (IDC) for serving the clients in real time. During live encoding, the file is also stored for future use.

On-demand streaming: Recorded contents are encoded off-line at different rates and uploaded to the server. Valid users after authentication can start the streaming session at any time convenient to them. As users will be accessing the lectures using a media player application, they will have the options to pause, rewind, fast forward, etc. 

In the case of live streaming, as the content is played in real time from the SS, additional care needs to be taken to ensure acceptable Quality of Service (QoS) in terms of delay, loss and delay jitter parameters. On demand streaming provides flexibility to users to access the content from their desk tops at any time. In both these cases once the streaming session is started, users expect continuous and jitter-less transmission. Figure 3 describes the generic workflow of a streaming model:








Figure 3: Streaming model

Workflow in live streaming:  In this model [6], the live feed of the lecture going on is given as the input to a real time encoder. This encoder (typically hardware based) compresses the audio/video source in real time and sends it to the streaming server. Here the live compression to various bit rates can also be done simultaneously depending on the encoder being used. In case the encoder is a part of the streaming server itself, it directly starts streaming the compressed file. The live streaming can also be stored on the server and can be used for streaming in the on-demand mode in the future. The URL is accessed by the participant after authentication.   

Workflow in on-demand streaming: Assuming source material recorded on DV tapes, this content would be compressed and encoded in various bit rates (56 kbps, 150 kbps, 256 kbps) and to a format (.mp4, .mov), which is suitable for streaming. This file is then uploaded on the streaming server. Registered participants are given the URL to view the lecture, after authentication. Participants log on to the streaming site and select the appropriate bit rate link based on their network connectivity and watch the lecture. The participant only needs a standard player (QuickTime, Real, Windows), which supports streaming. While the user can not download the file, he/she can navigate through the file using the pause, rewind, etc. buttons provided by the player application. 

Advantages: Streaming allows participants to access the lectures on their desktops providing flexibility of space. While synchronous live streaming poses a time constraint, on demand streaming allows for flexibility of time. In the latter case participants are also provided with the mechanisms to access the contents according to their pace. From a working professional’s point of view, streaming (especially access of contents on demand) is very attractive giving him/her flexibility across all three dimensions: space, time, and pace.  

Disadvantages: Streaming requires stable and dedicated connectivity to guarantee a good quality of reception. While dedicated bandwidth is costly, sharing bandwidth on a public network with numerous other applications result in unpredictable quality. Simultaneous access by multiple users requires high bandwidth, jeopardizing cost-effectiveness and scalability of this model.
3.2. Model 4: Caching model 


























[image: image4.png]



























[image: image5.png]



Figure 4: Generic architecture of an Internet based Caching model

In order to provide QoS guarantees on the best effort Internet, one optimization could be in the form of placing cache servers at the PoP locations of the ISP.  Participants in the neighboring area of a PoP will be served by that PoP, thereby reducing the uncertainty in delay. The idea is to provide QoS in the local area by serving the clients in the area through a local streaming server, which contains the replicated content to be streamed to the local participants.

Advantages:

Considering that this model is an extension of the streaming model, advantages elaborated in the previous section hold good for this model also.

Disadvantages:
In this model, following are the challenges:

· Keeping the caches at the PoP servers consistent. Mechanisms to load and delete the appropriate files and synchronous uploading of the files to all the PoP servers have to be implemented.

· Efficient cache management and back up mechanisms through cooperative sharing of caches need to be implemented.

Section 4:  Hybrid Models

4.1. Model 5: A two-tier Model

Figure 5 illustrates a combination of networks that can be used for efficient multimedia dissemination.
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Figure 5: Generic architecture of a two-tier model

This model leverages the satellite network to bring the content closer to the participants accessing the content through the Internet. In this model, the VSAT based architecture is assumed to be operational, which is used to transmit the contents to various geographically dispersed locations. Considering that in the initial phase, most of the RCs are located in the cities where the ISP’s PoPs are present, the VSAT infrastructure can be used to load the cache servers at the PoPs. For example, when a lecture is transmitted using the VSAT infrastructure, it can be captured through a point-to-point link, at the server placed in the PoP. Participants access the contents from the PoP streaming server, as in the previous case.

Advantages: Comparing this model with the previous one, instead of uploading the content from a central server at the ISP, the existing VSAT infrastructure is used to upload the contents to the local PoP servers. This model leverages the VSAT transmission for loading the cache servers to provide guaranteed service to the participants from a local area.

Disadvantages: This model relies on the SRS to load the cache servers. Also, an annual recurring cost is incurred based on the distance of the PoP from the SRS. Recovering this cost from the participants may make this model unviable.

4.2. Model 6: A three-tier Model


















Figure 5: Generic architecture of a three-tier model

Considering that the motivation for Internet streaming arises out of providing flexibility to corporate participants who enjoy Internet connectivity with adequate bandwidth to support multimedia streaming, a three-tier model with the following features are proposed:

· A VSAT network is used for reaching RCs from where participants attend lectures. 

· As the live lectures are being transmitted, they are captured and transmitted to the servers placed at the PoPs of the ISP.

· These servers serve the local area corporations connected through the Internet.

· The corporation’s gateway server connects to the ISP’s PoP, which streams the contents on the Intranet of the corporation, allowing participants to access the contents on their desktops.

Advantages: Providing Flexibility to participants is the main advantage of this model. By allowing access to their employees, corporations can train their employees and enhance their skills. This model also allows for a viable business model where the cost of LL can be spread across corporations. 
Disadvantages: Implementation of such a model requires cooperation between several entities with clear understanding of the scope of each of the entity’s responsibilities. In practice this may prove to be cumbersome.

Section 5: User profiles

Having discussed the various models for dissemination of multimedia content, we outline the various groups of users in the context of distance education, in this section. 

The various user groups can be broadly classified under the following heads:

1. Educational institutions catering to higher educational needs

2. Schools

3. Governmental agencies

4. Business organizations and industry

An important aspect of distance education is the scope of reach; whether the users are within a country or the program needs to reach an international audience.

Let us consider educational institutions in categories 1 and 2. If the objective is to network the institutions within the country to leverage the expertise of a few teachers to educate many students spread across the country, satellite models as discussed in Section 1 would be the most appropriate. This is precisely the motivation behind the launch of EDUSAT. Governmental agencies as in category 3 which facilitate dissemination of knowledge in the areas of farming, health, and hygiene to rural and remote population can also leverage the satellite network effectively. Thus the first three categories where the focus is on the community at large rather than individual users, satellite based network models would work fine.

Considering users in a business organization or an individual industry professional, flexibility of space and time is absolutely essential. Allowing access to knowledge on their desktop which moves with them when they travel fulfills the requirement of continuity. While streaming models satisfy the requirements of working professionals, guaranteeing quality becomes a bottleneck. By deploying the hybrid models that are discussed in Section 3, quality guarantees can be made within a local area. 

Considering the reach, a satellite-based model for an application such as distance education would restrict its reach to institutions and organizations within the country. Internet based streaming would open up the program to participants anywhere in the globe.

Section 6: Conclusion

We have discussed various models that can be used to implement distance education applications, which are multimedia intensive. Given our Government’s EDUSAT initiative, which facilitates large-scale deployment of satellite networks, the different models proposed in this paper can be considered for implementation to provide the reach and flexibility, the crucial factors of any distance learning initiative. We have outlined the advantages and disadvantages of these models highlighting some of the implementation challenges. We have identified the various user groups of distance education. Based on the objectives of the program, whether it is targeting a community or an individual user and whether it caters to national or international users, the choice of the model changes. We have mapped the objectives to the models proposed in this paper with a view to provide the basis for choosing one model over the other. With the launch of EDUSAT, the proposed models that use the satellite network as the primary infrastructure can be considered for reaching the masses.
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Notation used:


SS – Source Site


SRS – Satellite Receiving Site


LL – Leased Line


RC – Remote Center


LLRS – Leased Line Receiving Site


ISP – Internet Service Provider


PoP – Point of Presence
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