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   Some of today’s restrictions concerning the application of videoconferencing systems in the sector of education is the cost of the equipment and apart from this the cost of the ISDN communication rates and the low QoS (Quality of Service) of the IP based Systems. In this work we propose an educational Videoconferencing network between the main Greek Technological Educational Institutes (TEI) over low cost communication infrastructure. As a first step we will do a market research concerning equipment that is required to implement the network and its nodes. Comparisons between the proper equipment will be included in order to find the optimal solution following the principle of attaining high rate of performance/cost of use. We also propose modifications to the already installed communication equipment in order to achieve the required QoS. Issues like security and management-manageability, ease of upgrade and expandability of wide area videoconferencing systems will be described and analyzed, maintaining the low cost videoconferencing systems.

The scope of this work is to examine and compare the possible solutions within  an educational videoconferencing network.

The term Teleducation refers in the use of Telematics (as technological background which recommend the fields of telecommunications and Informatics), for the implementation of educational process or generally for knowledge distribution process.  

Concretely, the term teleducation refers in cases of teaching where the instructor and the student, or the students, are separated due to the distance or sometimes due to distance and time as well. To facilitate the learning interactive videoconferencing technology is used. This learning situation creates a "virtual classroom" with a level of interaction extremely similar to that during face-to-face learning sessions.
Videoconferencing is the transmission of video and audio between two sites in relatively real time. It also includes other forms of electronic communication.
This allows interaction between participants at both sites similar to that, which would be possible if they were in the same room. Videoconferencing systems use compressed digital video to transmit motion images over data networks such as high-capacity Digital Subscriber Lines (ISDN & ADSL) or Wide Area Computer Networks.
 Videoconferencing in Education
Educational organizations are increasingly using videoconferencing to enhance their activities. Universities, colleges and schools are finding that videoconferencing provides an efficient means of delivering education and facilitating communication within their organization and beyond. Until recently, quality videoconferencing implied a per-minute cost, but a significant benefit of H.323 videoconferencing is the avoidance of such call charges
.
Teleducation  & Videoconference  
There are many ways that videoconferencing is being used by educational organizations for teaching and learning. Multi-campus organizations can share a single seminar or lecture across their different locations, making classes easier to attend and deliver, and increasing the viability of less popular courses. Speakers and experts at remote locations can be invited to deliver lectures or workshops. 

Access for learners who are isolated by location or circumstance can be increased through the use of off-campus learning centers. Students on placements or industrial experience can be monitored and mentored. Learners can 'attend' at locations where their actual presence is not practical, for example by placing a camera in the operating theatre, laboratory or engineering workshop. Conferences and events elsewhere in the world can be 'attended' by videoconference without the costs associated with physical attendance.
Organizations are also finding that there are advantages to holding management and administrative meetings by videoconference. The most obvious benefit is the financial saving and efficiency gained by reducing travel costs and staff 'down-time' spent traveling. Busy people are often more likely to attend a meeting if it does not involve them being away from their desk for hours, and experience shows that meetings held by videoconference are often more productive and focused than physical meetings of the same groups.

Within an educational institution there are benefits of videoconference in:

· Course delivery: where we may have better source access, more consistent presentation, more diversified classes, better use of teaching resources, enhanced communication resulting stronger relationship between institutions. 

· Administration: offering new revenue resources.

· Personnel: offering opportunities for faculty and department consulting.

· Placement: having greater access to potential employers and to more professors/lecturers.  
In Greece, there are fourteen Technological Educational Institutes (TEIs), dispersed all over the country in regional capital cities. Most of the Institutes have branches within their prefectures but scattered from each Institute’s main campus. All the Greek Technological Educational Institutes as well all the Greek Universities are connected to the Greek Universities Network (Gunet), which is part of the Greek Research and Education Network (Grnet), which in sequence is part of the European GEANT data network.

The GRNET is the interconnection data network, so it will be the backbone infrastructure for the implementation of Teleducation implementation through multimedia communications.

HOLISTIC SURVEY ON THE TELEDUCATION NETWORK

The implementation of the teleducation network will support telematic methods on teaching and learning but it will also:

· Cover Open Distance Learning (ODL) needs.

· Facilitate the familiarization of educational personnel and students with Information and Communications Technologies (Telematics).

· Consolidate collaboration between the Technological Educational Institutes for the development of Open Distance Learning within technological education. Of course it will develop and maintain this collaboration.
· Create new structures and institutions that will provide the suitable conditions of essential development of Technological Institutes.
· Found a national infrastructure of local and regional ODL Technological Centers.

· Support the collaboration in the sector the Open Distance Learning between the Technological Educational Institutes in national and international level.

· Utilize the infrastructures that have been developed in the Technological Educational Institutes in order to facilitate the operation of Lifelong Learning Institutes.

· Facilitate the realization of administrative procedures and tasks.

· Economize resources and infrastructures through the central and institutional organization.

· Contribute also in other sectors as research and culture.

· Found a collaboration infrastructure, -ruled by a sense of freedom, creativity, innovation and experimentation- for the application of Telematics in the sector of Technological Education.

Through the Technological Educational Institutes Teleducation Network, Administrative, Educational, Research and also Cultural activities are promoted:  

ADMINISTRATION: Management, Organization, and Public Relations 

EDUCATION: Undergraduate, Postgraduate, and Lifelong 

TRAINING–TUTORING: Professional specialization seminars, Skills acquisition and retaining  

 RESEARCH: Theoretical research, Applied research  

CULTURE: National affairs, International affairs 
THE PROPOSED NETWORK DESIGN 

The proposed teleducation network should be inseparable from all other areas of the institutes’ operations and pursuits. It will connect all the institutes’ campuses and branches. It should be a crucial component of education, administrative processes, research, student outreach, training, services and many other activities. 

Videoconferencing facilities will be housed in all of the following areas: campus central auditorium, faculty departments, research labs and offices; individual academic and administrative departments, schools, or divisions; the rectors office etc.

Of course in every institute, a main room will be implemented, equipped with versatile infrastructure, in order to host all the above-mentioned activities, but also every place within an institute’s campus, may host at least a desktop level videoconference session.

The teleducation network is designed with the belief that the most important characteristic of the digital environment, which is created, will enable virtually limitless connectivity.  This connectivity can facilitate the exchange of knowledge in a manner that education institutes will acquire added value
.

Limitless connectivity is interconnected with broad interoperability. The interoperability of a H.323 network is shown in the following scheme:
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Figure 1. Interoperability of the H.323 network

The videoconferencing network is designed to:

Maximize the size of the potential network. This is achieved through the highest potential connectivity to other videoconferencing networks, as well as connect to those networks that utilize diverse technologies (IP, DSL or ATM based networks). A fundamental premise of network design is that user value of the network is dependent on the number of potential fellow users. A high priority goal in creating a videoconferencing network, therefore, would be to enable the connection to as many other networks as possible, as opportunities arise and resources are identified.

Provide for intra and inter network “dialup” connectivity by the end user. By designing the network with this goal in mind, two advantages accrue.  First, a faculty member at a network site can make a connection to another site as long as the other site has equipment turned on. If for some reason the connection is broken, re-establishing it can be attempted by the faculty member simply by dialling again.  Staff requirements to monitor the connections are minimized. Second, if the network design includes a connection to the Integrated Services Digital Network (Primary Rate of Basic Rate Interfaces) or the Asymmetric Digital Subscriber Line, connections to an impressive range of sites internationally can be achieved.

Allow for matching bandwidth to usage.  In the proposed network all the available bandwidth is utilized.  A usage requiring 2000 Kbps can be accommodated in one session, while in the next hour, three 384 Kbps uses can run simultaneously, while a user can be involved in a conference at 128 Kbps through the BRI connection of the Integrated Services Digital Network.

Enable each site to originate as well as receive knowledge (bi-directional knowledge delivery feature). Each site should have an instructor’s station equipped with terminal equipment and document management equipment and the capability to integrate computer-based resources into the videoconference.

Implement multiple sessions in diverse specifications. Allow the entrance of a large number of desktop users into videoconference sessions, and utilize switching devices that are able to handle sessions where participants are using multiple bandwidths to achieve massive video, voice, and data transmission across international boundaries.

Maximum connectivity of an IP centric (IP based) videoconferencing network to other videoconferencing networks is achieved by connecting the IP network, in multiple sessions as well, to those networks that utilize diverse technologies such as ISDN or ADSL. The connection to those networks that utilize diverse technologies is achieved through gateways. A certain infrastructure is shown in the following scheme: 
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Figure 2. IP centric videoconference network

THE IMPLEMENTATION OF THE PROPOSED TELEDUCATION NETWORK

The Technological Educational Institutes which will form the teleducation network, implement all videoconferencing infrastructures within their organizations and have to develop a common Dialling Plan, a way of addressing video communication in order to be able to communicate with each other over the GRNET, as well as communicating within each institute’s local area network.

The Technological Educational Institutes of Athens, Piraeus, Thessalonica, Patras, Heraclio, will be the main network nodes that will operate Multipoint Conferencing Units, Gatekeepers and Gateways in order that multipoint sessions will be implemented, and also ISDN and legacy systems interoperability will be obtained.

Also they will have the capability to manage and control the majority of the network’s zones making the communication between those zones possible.   

A diagram of the proposed network configuration, representing the connection between Greek Technological Educational Institutes, is shown in the following scheme:
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Figure 3. The proposed Greek TEI teleducation network 

VIDEOCONFERENCING EQUIPMENT FOR THE NETWORK NODES

For the management of multiple videoconference sessions RADVISION Multipoint Conferencing Units with Enhanced Communication Server and Embedded Gatekeeper
 may be used or VCON Multipoint Conferencing Units with VCON VCB Videoconference Bridge and VCON MXM Multipoint Exchange Manager
 

Apposed in the table bellow are the prices (after a market research) of critical Videoconferencing equipment. Terminal equipment can vary from a single videophone to a complex system offering Multipoint connection, Sessions management, ISDN nad ADSL connectivity, audiovisual facilities for large number of participating persons and digital & analog document management devices for effective presentations and teaching:

	Product
	Retail Price + VAT (€) 

	MCU, Gateway & Gatekeeper
	80.000

	Group VC equipment for Main Nodes
	23.000

	MXM, VCB, MCU
	9.000

	Deta Video Projector 
	5.000

	42 inches Plasma monitor 
	7.000

	Video Data presenter
	3.000

	PTZ Camera & Remote Control
	5.000

	Electronic Board
	1.000

	Videophone
	700

	Group VC equipment (ISDN+IP+MCU)
	10.000

	Audio + DVD
	1.500


Table 1. Critical videoconferencing equipment prices

COST ANALYSIS OF THE PROPOSED VIDEOCONFERENCING NETWORK

We can prepare a cost analysis for the proposed videoconferencing network considering costs for equipment purchase, installation, maintenance, communication and usage. The benefits derived from instituting a videoconference network vary with the type of application, the organization, and the environment
.
The treatment of costs, however, is similar for all applications. We can begin by examining typical costs and observing how they are presented in a financial analysis. Here are typical cost items for a videoconferencing project:
Equipment cost. This is the cost of the system. It is a capital expenditure and is therefore reflected as on initial outflow of cash.
Installation and shipping. The installation and shipping costs are usually capitalized. However, some organizations treat them as operating expenditures. In either case, they are cash outflows that take place at the start of the analysis.
Furniture. Room furnishings, such as conference tables and charts, are capital expenditures.
Room modifications. Simple room improvements, such as painting or window covering, can be expensed. More extensive modifica​tions, such as carpeting and rerouting of air ducts, are capitalized. In an extensive remodelling that includes both routine mainte​nance and property improvements, the entire cost is capitalized.
Maintenance. Even the best equipment malfunctions from time to time. Most companies buy an extended warranty on the equipment. The typical cost is 10% of the original equipment cost.

System support costs. A few people will need to be trained to operate the system and help users become familiar with the system. A "rule of thumb" for estimating the annual salary for system support is to assume 20% of the system's purchase price. In addition to salary costs, there are other costs from having people on the payroll, such as Social Security tax, unemployment insurance, and workmen's compensation insurance. These addi​tional costs add 50% to the nominal salary. This raises the general rule of thumb amount to 30% of the system's cost.
Network access. Certain applications use dedicated lines to connect systems directly, in which case the dedicated line cost is reflected as an annual expense. For some applications ISDN or ADSL may be used for connection to the network. This results in an access line expense and a usage expense. If digital access lines are used exclusively for the application, their full costs should be recognized as annual expenses. Some digital access lines, can be shared by applications for example, an ISDN PRI line may be terminated in an on-premises PBX. The digital capacity can be shared among voice, data, and video applications. If the access line is shared among several applications, a portion of the total cost of the access line should the charged to the videoconference application.
Usage. In addition to the cost of access lines, there is also the cost for connecting systems over the ADSL or ISDN . The long-distance carrier can provide the costs for the anticipated use of the digital network.

In the case of the Technological Education Institutes, the backbone communication infrastructure (backplane) is the GRNET so the cost is shared within the institution’s network total capacity of data transfer. 

TOTAL COST OF OWNERSHIP

The total cost of videoconferencing to increase virtual collaboration and reduce travel between offices during a given time is the sum of once expenses (implementation) and recurring costs (usage, management and maintenance) incurred during the period in question. 

	Category
	IP
	DSL
	Incidence

	Endpoint equipment acquisition
	Yes
	Yes
	Once

	Network equipment acquisition
	Yes
	Yes
	

	MCUs (including gatekeeper)
	Yes
	Optional
	Once

	PRI Gateway
	Recommended
	No
	Once

	QoS (for Routers)
	Optional
	No
	Once

	Firewall upgrade or proxy server purchase
	Yes
	No
	Once

	Network interfaces (termination)
	Yes
	Yes
	Once

	Network Local Loop Installation
	Yes
	Yes
	Once

	Endpoint and Network Equipment Implementation Labour
	Yes
	Yes
	Once

	Maintenance Contracts on all equipment
	Yes
	Yes
	Annual

	Network access charges
	Yes
	Yes
	Monthly, fixed

	Staff costs to maintain/support users
	Yes
	Yes
	On-going, variable

	Per minute usage charges
	No
	Yes
	Monthly, variable


Table 2. Costs associated with acquisition, implementation and use of videoconferencing

some assumptions and concerning cost:
Equipment cost. The initial installation will be 7 classrooms, all combination origination and receive sites, at a cost per classroom of €70.000. There will also be 5 MCU sets to combine the sites for multiple-location instruction. These will be installed in Athens, Piraeus, Thessalonica, Patras and Heraclio.

 Each MCU will cost  €80,000
Installation and shipping. This cost of €22,000 will be expensed.
By convention, capital expenditures are treated as though they occur a year earlier than expenses that take place the same year.
There are some other items to be purchased:

Furniture. Each classroom will need €5,000 worth of new furniture. This is treated as a capital expenditure.

Room modifications. Existing classrooms will be modified at a cost of €5.000 each. The amount will be expensed in the first year of operation.
Other costs can be estimated as follows 
System support costs. The general guideline, is that system support costs approximately 30% of equipment cost. We also assume an annual increase in salaries and related benefits of 4%.
Maintenance. We follow the general rule that maintenance approximates 10% of system cost. We further assume an annual increase of 10%. This increase is partially due to rising labour costs and other expenses, but is mostly attributable to the age of the equipment. The longer the equipment is in the service, the more frequently it will require service.

There are some other costs that also need to be included in the worksheet:

Network Access. In each site, it depends on the Academic Data Network Connection and also on the DSL lines that are installed for the exclusive use of teleducation.

Usage. During each semester, it depends on the total amount of teaching hours connected, through MCU sessions or point to point locally, distance or internationally. 

	Expense
	Cost including VAT (€)

	Equipment cost
	70.000

	lnstallation and shipping
	22.000

	Furniture
	5.000

	Room modifications
	5.000

	System support costs
	21.000

	Maintenance
	10.000

	Network Access
	Monthly, Fixed

	Usage
	Monthly, Variable


Table 3. Cost of videoconference room 

BENEFITS OF THE PROPOSED VIDEOCONFERENCING NETWORK

The total cost of a proposed solution must be considered in correlation with the benefits that the certain solution offers. In the proposed network there are benefits that derive from the utilization of the already installed infrastructure (the Greek Universities Network). Videoconferencing will request some of the connection bandwidth, through which each TEI is connected to the GRNET. Interoperability with other networks (e.g. public ISDN) will be retained as well through the use of gateways/gatekeepers.  

Using the IP as a backplane greatly enhances the voice and videoconference experience such as:
Better User Experience: Media is delivered asynchronously in variable-sized packets. This is what IP was designed to handle resulting in better images, better sound and a better user experience.

Reliability: As an IP backplane does not require a matrix (through which all data has to traverse) there is no single point of failure and reliable services can be assured.

Continuous Service: Since the IP backplane can be distributed between multiple locations, even if a card fails the service can continue. Similarly, if there is a failure somewhere in the network, the service can continue from a local server.

Scalability: There is no longer the need to anticipate future growth. The participant institute can start small and add cards and boxes as required without impacting functionality or the user experience.

Smart Bandwidth Utilization: The decentralized and open architecture of IP means smart bandwidth usage. This means that conference participants suffer less delay and less jitter and enjoy a true-to-life experience. At a strategic level, over time, most videoconferencing will be based on IP networks
.
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