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Abstract

The engineering education infrastructure is increasing in every part of our country. More and more students are finding exciting and challenging careers, especially in the emerging technologies. However, this increase in the requirements for skilled and specialized professionals is not complemented by the academic strength of the engineering colleges, or the training departments of industry. For the benefit of faculty of engineering colleges and professionals from the industry, who wish to upgrade their knowledge base, the Distance Education Program of IIT Bombay is disseminating high quality academic content, by using satellite technology. This technology is effective especially in our country’s context as it can receive or transmit from any part of the country with 99.5% uptime.

This uptime is applicable only in standard conditions, both terrestrial as well as atmospheric. The terrestrial problems arise due to the following three reasons: 1. Hardware failure 2. Software malfunctioning 3. Human errors. Hardware failure might take place in the event of problems in the entire range of satellite equipment used in the encoding / decoding of the signals like - Router, High Speed Channel Unit, and Audio/Video Encoder etc. Software malfunction might occur due to modification of software configurations on the equipment involved or due to unstable LAN connectivity from the satellite equipment to the PC with encoder. Human errors are also likely to affect the operations due to the varied technical competence of the local and RC operators. The personnel across all the RCs need to be systematically trained about the handling, maintenance, and trouble shooting of the high-end equipment mentioned above. 

The atmospheric problems include signal fading caused during heavy rainfall or thick cloud covering and rare occasions of sun outage when the sun, satellite, and the receiving VSAT come in a straight line resulting in the signals becoming too weak to be transmitted or received. 

These problems interrupt the transmission defeating the goal of having interactive classrooms linked across the country, apart from disturbing the participants at the receiving end. In this paper we discuss few instances of both atmospheric and terrestrial interruptions in the context of the VSAT network being used for distance education at IIT Bombay spread over few states with varied climatic conditions and support structures. The uniqueness of the setup which uses a half duplex channel for two way live interaction makes it difficult to pin point the exact equipment / software configuration creating problem. We present our inferences compiled based on the available data collected over the past three years of operation. We also outline the preventive steps and remedial actions taken to ensure smooth transmission when such problems occur.

1. Introduction

Indian Institute of Technology, Bombay (IITB), one of the premier institutes in India, has successfully deployed a novel model of Distance Education Program (DEP) [1]. The VSAT model of DEP has an Uplink Center (UC) where the content originates and is transmitted to various Remote Centers (RCs). This model has many advantages such as, reach to any location within the country, reliability, and scalability. This model allows for incremental expansion to large numbers of RCs amortizing the bandwidth costs, making it cost effective [2].

1.1 The Network Setup
The DEP network has a high bandwidth, half duplex, data channel and a low bandwidth, full duplex, point-to-point control channel. The network consists of an UC at IIT Bombay and receiving centers at various RCs spread across various cities in India. The data channel is a Demand Assigned Multiple Access (DAMA) channel [3] and has a dedicated bandwidth of 512 kbps. Only one center can use it for data transfer at a time. Other centers remain in receive mode. The control channel is a 16 kbps, Time Division Multiple Access (TDMA)  [4] channel and is available for transferring control packets as well as for monitoring all the centers in the network. The network operates on the KU band with uplink frequency of 14.0 to 14.5 GHZ and downlink frequency of 11.0 to 12.0 GHZ. The server software / hardware encodes the signal to H.323 format and starts the multicast at the UC before sending it out for transmission. The equivalent client software / hardware at the RC decodes it. 

1.2 Working Model

We briefly outline the working model of the network used for DEP at IIT Bombay below:
· The faculty gives the lectures in a state-of- the-art studio cum classroom. The faculty has the option of using slides, whiteboard, and multimedia clips to deliver the lecture.
· The multiple video feeds from the faculty, slides, whiteboard, and local participants are all mixed in real-time along with the audio, by using online audio-video mixers. A single audio-video feed is then encoded, using hardware-based encoder in the Studio Unit as shown in Figure 1. This signal in H.323 format is routed through the components of In Door Unit (IDU) such as network switch, router, RF modem, and L band converter to the Out Door Unit (ODU). This unit comprising of a block up converter and an antenna transmits the signals to the satellite. 
· These lectures are synchronously transmitted through the data channel (512 kbps) to the various registered RCs, where the lecture is projected on to a large screen.

· Up to forty students can view the lecture at each RC. Any participant from any of the RCs has the freedom to ask a question during the lecture. The desire to ask a question is communicated to the faculty through the control channel (16 kbps).

· The faculty may transfer the floor to the RC, in which case the data channel is allocated to the RC for uplink. The participant asking the question is heard and seen by the faculty as well as by the participants at all the other RCs. Subsequently, the data channel is taken back by the faculty, the question is answered and the lecture continues.

· The faculty can also invite participation from the RCs, by transferring the floor independently.
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Figure 1: VSAT setup at IIT Bombay Uplink Center

Above model is implemented using a customized video conferencing server software. The technicians, using the software, control the proceedings throughout the sessions, which typically consist of transmissions either from the UC or one of the RCs when a participant from that RC is asking a question. The text-messaging module of the server software facilitates communication between the UC and RCs when floor transfer is not required. 

1.3. Factors affecting transmission

Given the network setup and the working model, our objective is to have consistent and stable transmission to all the RCs. While a 99.5% uptime is guaranteed for the VSAT, owing to number of other factors, achieving stable transmission is a major challenge. We have classified the factors that affect transmission into two categories: atmospheric and terrestrial. While atmospheric problems arise out of natural phenomena, terrestrial problems typically arise due to malfunctioning of hardware/software and human errors. Some of the important factors that fall under these two categories as illustrated in Figure 2. 
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Figure 2: Factors affecting transmission

In this paper we briefly discuss the factors that affect transmission and provide precautions to be taken to avoid such occurrences. Stability of a network is only as good as its weakest link. Thus, it is important to identify the problems that can occur and take preventive measures to ensure smooth transmission during the lecture sessions. The rest of the paper is organized as follows: In Section 2 we discuss the two atmospheric problems that affect satellite based transmission, rain fade and sun outage. While we cannot avoid such natural phenomena, we can take precautions to avoid disruptive transmission. Section 3 outlines three main terrestrial problems: hardware failure, software malfunction, and human error that can hamper transmission. We discuss examples for each of these categories and briefly outline the preventive and remedial actions taken to overcome such problems. Section 4 provides a summary of our experiences and concludes the paper.
2. Atmospheric problems
Atmospheric problems are unavoidable and can only be tackled through precautionary measures. We discuss two main atmospheric conditions that affect transmission quality: (i) Rain fade and (ii) Sun outage. 

There is a fundamental difference between these two atmospheric conditions; while sun outage is a predictable phenomenon that is known in advance, rain fade is not quite predictable, especially in regions that have a long spell of monsoon season. It is not difficult to build the sun outage timing in the schedules of lectures and give participants advance notice of cancellation or postponement of lectures. However, it is quite difficult to predict rainfall or cloudy skies ahead of time and sometimes conditions change rapidly even over a short period of time spanning a lecture. 

 
2.1 Rain fade 

Rain fade is defined as “Loss of signal at Ku or Ka Band frequencies due to absorption and increased sky-noise temperature caused by heavy rainfall.” [5].

The rains have an attenuating effect on the Ku Band operations over the VSAT and more so at places like Mumbai, which receives heavy rains.  In a situation when it is raining heavily at the UC from where the lecture is being transmitted, the RCs are not able to get the signal in a consistent manner even if it is not raining at the RC. The signal often drops and is intermittent in terms of the audio-video transmitted out. Additionally, the audio-video from the RC is affected too, owing to the rains at the UC. The non-predictability of these heavy showers puts the RC participants in a flux, about estimating the waiting period of the down time.

Precautionary measures:

The Automatic Uplink Power Controller (AUPC) is used to regulate the transmit power of a VSAT. This equipment adjusts the power of the signal being transmitted to make it uniform and ideal for VSAT transmission. During rains signals fluctuate significantly depending on the rain density. AUPC is extremely useful in overcoming the signal level reduction due to rain fade effect. The minimum signal level required for optimal transmission is between 6-7 db. AUPC can boost the signal level up to a maximum of 18 db. This boosting of the signal can also be done manually. 

One major constraint of the AUPC is that, it can only boost the signals at the origin, and not at the receiving end. Hence in the event of bad weather conditions at the RC, the rain fade effects of the incoming signal cannot be rectified.

2.2 Sun outage

Twice a year, the sun is positioned between the earth and the satellite, and all three happen to be in a straight line. This particular situation wherein noise from sun overrides the signals received from the satellite making it impossible for the VSATs to gather or send any information, is termed as sun outage. This astronomical occurrence lasts usually for a period of 10 to 20 minutes per day over a period of a week. This phenomenon occurs all through the country, but has different timings for each of the geographically dispersed locations depending on the latitude and the longitude of a particular location. Indian subcontinent experiences sun outage typically in the months of March and September.

Precautionary measures:

It is advisable to follow the detailed schedule of the sun outage days and timings with respect to the locations announced in advance by Indian Space Research Organization (ISRO). Since no technical solution is available to avoid the noise signals generated during sun outage, we reschedule the transmissions after factoring in the sun outage timings of the UC and all the RCs. As a precautionary measure, the VSATs are shut down during the sun outage. Another cautionary point is to consider the sun outage timings at all the remote locations that are part of the VSAT network while scheduling the lectures.

3. Terrestrial problems

The network setup designed for IITB to enable two-way interactive transmission is shown in Figure 1. As shown in the figure, the network consists of three main parts: (i) Studio unit, (ii) In Door Unit (IDU), and (iii) Out Door Unit (ODU). Each component of these units has customized software or settings to be configured on it. Whenever the network is down, this complex setup comprising of specialized hardware with its configurations, and customized software make it difficult to diagnose the problem for troubleshooting. The human error at the UC and availability of competent personnel at RC to monitor transmission sessions is also an important issue. In this section we discuss these common and prominent issues.

3.1 Hardware related issues

Considering the various network components required for delivery of the lectures, it is very critical to identify the weak link in the network and ensure connectivity (within a threshold for debugging) even when a component malfunctions. The complexity of the setup makes it very difficult to diagnose the actual cause for network failure. 

3.1.1 Example: 

The entire network is tested before each live transmission. Owing to the network complexity, there is always a probability of a unit/equipment failing during the course of the transmission. There have been occasions where, a simple Local Area Network (LAN) cable fault, the breakdown of any component in the IDU, crash of the Block Up Converter in the ODU, or malfunctioning of the router have ruined the transmission. The corrective action may be as simple as replacing the LAN cable or as complex as replacing and reconfiguring the faulty unit.

3.1.2 Precautions / Remedies

A hot-swappable redundancy is absolutely necessary for a critical program involving live transmissions. DEP has created such facility by installing an exact replica of the entire VSAT setup in the same premises. This alternative set up is mainly used for two reasons:

· To monitor the reception quality at the RC 

· To become the UC in case of the main network failure, to ensure uninterrupted transmission

3.2 Software related issues

Each component in the network operates using its own software. The troubleshooting of the equipment is carried out using its own software interface.  The DEP setup has proprietary video conferencing software that initiates the multicast. The RCs are assigned IP addresses, which are registered at the router at UC. These authenticated RCs dial the multicast IP and start receiving the transmission. The technicians (at UC) use the software to control the proceedings throughout the sessions. A built in text-messaging module facilitates communication within the Closed User Group of RCs without actually transferring floor. 

3.2.1 Example

The video conferencing software settings are very critical and should be uniform across the RCs. Any minor change in the settings at an UC or RC will hamper the quality of the transmission and reception. Any change in software settings of equipment like router, RF modem, and L band converter, or up down converter will hinder the transmission in a major way.  
3.2.2 Precautions and remedies

Even though the entire transmission is originating from the UC, a Network Management System deployed by the bandwidth service provider monitors the proceedings using the control channel. Additionally, a PC with proprietary software is connected to the AUPC which can regulate the signal power during the transmission.

3.3 Human errors 

Human resource management and periodic training play a very important role in ensuring trouble free transmission. As human errors are inevitable, certain measures are taken by the DEP team at IITB to ensure smooth transmission. 

Considering the DEP scenario, the participant has the option of attending from any geographically dispersed RC. Ensuring uniform and quality learning environment for participants across RCs in terms of audio-video reception, local support, and interactivity between RC and UC is of utmost importance. In other words, creating similar learning experiences across RCs is the main challenge of the DEP model. In order to measure and compare effectiveness of the program, we need to ensure that consistent protocols and procedures are followed across all the centers. To achieve such uniformity, the technical support team at all the RCs is updated on a regular basis about the software and hardware maintenance. Considering the fact that the team handling the equipment both at UC and at the RCs might change over time, the transfer of knowledge is very crucial. Keeping in view the above points, the following measures are taken by DEP.     

They include:

· Conducting periodic training sessions for all the technicians 

· Documenting specifications, procedures, and protocols to be followed

· Distributing technical manuals for handling and maintaining equipment 

· Training by UC managers for all RC coordinators regarding administration and technical issues

· Reviewing all RCs by checking their VSAT set up 

· Providing user manuals to faculty and participants with protocols for interaction

· Standardizing peripheral equipment across RCs

4. Conclusion 

The main goal of DEP is imparting education to a large number of participants through live two-way interactive classrooms. As there are hundreds of participants located across RCs viewing the lectures being beamed from IITB, maintaining the network and ensuring transmissions without any interruption is crucial for success of the program. This guarantee of a technically stable and consistent transmission will boost the confidence of participants in this novel medium of distance education. There is scope for expanding the program’s reach and increasing participation exponentially if and only if participants are satisfied with the quality of the transmission. The transmission clearly is directly dependent on the stability of the VSAT network. Hence the key to expanding the program is maintaining the stability of the network. 

In this paper we presented some instances and factors which affect stability with respect to the actual network set up installed at IITB. Though some of the factors may be erratic, unpredictable, and beyond human control, the lessons learnt from running the program for the past seven semesters guide us and help us to diagnose the problem and correct the situations as best as possible. Preventing problems by streamlining procedures and processes help us to guarantee quality of service to all our valuable participants.

Though instances discussed in the above sections present a realistic picture of the network stability issues at IITB, they also address generic VSAT network problems on Ku band.  The corrective measures implemented at IITB can also be customized and replicated at any typical VSAT setup. The measures taken and results achieved may vary based on uniqueness of each setup. 
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