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Life is easier and happier now for Mr. and Mrs. Dukud Salim, who live in a small town near Solo, Central Java, Indonesia. Like all grandparents, they miss their grandchildren. Unluckily for them, their grandchildren live in the United States with their parents while the father is studying in an American university. International calling is unreasonably expensive for Mr. and Mrs. Salim, and it is also costly for students with limited budgets.


Making telephone call via the Internet is proving to be a lot cheaper. Mr. and Mrs. Salim are not computer literate, but one of their sons has helped them to use a multimedia computer to a great distance away at the cost of a local call and an internet connection fee. In turn, the student does not have to use a long distance service, or buy a calling card. For Mr. and Mrs. Salim it is beyond their comprehension how such a thing can happen. But, they do not really care how it works, since the most important thing for them is to be able to talk to their beloved grandchildren living on the other side of the globe. They do not know that they are using one of fastest growing applications in the Internet, that is Internet Protocol (IP) Telephony. 
Overview
Internet Protocol Telephony (IP Telephony), or Voice over Internet Protocol (VoIP) is the merging of Internet and the telephone technologies and services. The concept of IP Telephony has been around since the 1980s when it was referred as “voice funnel.” The voice funnel digitized voice communication, and sent these signals through Internet. The voice funnel was part of an ARPA (US government) project and was used by project managers communicating with their contractors, for three way and four way videoconferencing, saving travel time and money (Muller 2000: 49). But, of course, the number of users was still very limited because the Internet was in its very early stage at that time and only used for the research-related purposes of the Advanced Research Projects Agency.

With the expansion of the Internet and its World Wide Web, the situation changed quite dramatically. Since the Internet is used so regularly for many diverse purposes, it is safe to say that the Internet has truly become a new channel for all forms of human communication. Emphasis is now on stabilizing this constantly-changing medium and finding ways to penetrate new and ever expanding markets (Auter 2000: 124). Research firm CommerceNet/Nielsen has projected that there will be 350 million Internet users worldwide by 2005, and the Computer Industry Almanac is even more optimistic in projecting that there will be 765 million Internet users worldwide by 2005 (Auter 2000: 137). IP Telephony has emerged as low coat alternative to Public Switched Telephone Network (PSTN) service, and an attractive solution for voice/data integration in public as well as private (corporate) networks (Nguyen et. al. 2001). 

Satellite links, as an integral part of the global communication infrastructure, were used in the Internet from the beginning, when the Atlantic SAT-NET satellite was used to interconnect the ARPANET with research networks in Europe from 1979-1985. More recently the Internet has also used satellites to provide backbone connections and Very Small Aperture Terminal (VSAT) satellite technology has been used for linking end-user stations to enterprise networks and for interconnecting local networks (Clausen, Linder, and Collini-Nocker 1999; Evans 2001). However, satellites were expensive communication channels. Only governments or big businesses could afford their services. For direct-to-home services, where the Internet is now being widely used, satellite delivery system have proven to be too expensive in comparison with telephone lines and cable. 
Two recent trends make using satellites for delivering data to end users more feasible (Clausen, Linder, and Collini-Nocker 1999). First, is the recent development of direct broadcast satellite (DBS) for customers un-served by cable televisions who now receive their cable programs directly from the satellite. Relatively smaller and more affordable satellite dish receivers have made the access to the Internet via satellite possible. Second, is the shifts in the traffics and usage patterns on the Internet, which demand broader bandwidth and fast services. The commercialization of the Internet, with increasing quantities of image, video, and audio content call for broader bandwidth to ensure higher quality of services. The Internet is also characterized by an asymmetrical traffic patterns with considerably more data received than sent from end-users terminals. 
Satellite will be an alternative for providing broadband Internet in competition with cable modems and Digital Subscribers Line (using enhanced telephone lines for Internet connections). Where terrestrial connections are available, satellite will provide interconnections and backups. Where terrestrial communication infrastructures are scarce or non-existent (for example in some rural areas of the United States or in developing countries), the opportunities for satellite Internet service is greater (Clausen, Linder and Collini-Nocker 1999; Evans 2001; Nguyen 2001).
How IP Telephony via Satellite works?

The International Telecommunication Union (ITU) at WTPF 2001 provided a working definition of IP Telephony that will be useful for a starting point. In the “Report of the Secretary General on IP Telephony,” the ITU defines IP Telephony as a generic term having to do with conveyance of voice, facsimiles, and related services, partially or wholly over packet-switched IP-based networks. IP Telephony may also include applications that integrate/embed the transmission of voice and fax with other media such as text and images (ITU 2001a). 

In order to make voice communications travel over the Internet, the analog signal must be converted into a digital package (Internet Protocol packets) which is sent through the Internet. On the other end, this digital package is converted back into an analog signal so the receiver can hear the message. This conversion of analog-to-IP packets and IP packets-to-analog is done in IP telephony gateways. 

Iptel.org has made a useful classification of Internet Telephony devices for terminating an Internet call (Iptel n. d.). This classification is shown in the table below, with some modification and simplification.

	Caller’s 

Terminal
	Callee’s

Terminal
	Cost Paid by Caller
	Notes

	PC
	PC
	· Cost of ownership and maintenance of  PC (equipped with modem, sound card, and headphone).

· Necessary software (some are free).

· Cost of Internet access.

· Local call cost.
	· Especially attractive for  private users who have an Internet access and an audio-capable PC. 

· Possible integration with other Internet services, such as www, email, and instant messaging. This is a pure-IP scenario.

	PC
	Telephone
	· Cost of ownership and maintenance of PC (equipped with modem, sound card, and headphone).

· Cost of Internet access 

· Local call cost.

· Cost charged by gateway operator, determined mainly by the cost of the call placed from the gateway to the callee.
	· A gateway converting the Internet call into a telephone call has to be used and located as near to the callee as possible to minimize the price for the gateway-to-callee connection

	Telephone
	PC
	· Local call cost.

· Cost charged by gateway operator, determined mainly by the cost of the call placed from the gateway to the caller 
	· A gateway converting the telephone call into an Internet has to be used and located as near to the caller as possible to minimize the price for the caller-to-gateway connection.

	Telephone
	Telephone
	· Local cost call.

· Cost charged by both gateway operators.
	· The call has to pass two gateways to convert telephone call into an Internet call and vice versa.
· Attractive for those who want to save on long-distance call but do not have/want to use PC. For example, mobile phone users. 


The PC can be replaced by a dedicated device capable of converting voice or telephone calls into Internet calls or vice versa. In this case, users who do not have a PC might purchase a dedicated device to make or to receive an IP telephony call.

Furthermore, some big companies have installed IP Telephony applications on their Intranet to reduce their long-distance calls, including international calls. By doing so, the companies are able to overcome bandwidth limitation problems on the public Internet, and, since the network is theirs, the calls are more secure.  


Figure 1
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Satellite networks offer two kinds of Internet connection services to the customer  using the connection for IP Telephony purposes (Figure 1). First is a one-way Internet satellite system (User A in Figure 1). This model acknowledges that Internet traffic is basically asymmetric (Hu 2001: 156), where considerably more data is transmitted to the users then from the users. In that case, a broadband connection is more needed in downlink transmission, where satellite provides the alternative connection. The reverse path, data from the customer to the Internet (uplink transmission) is provided by terrestrial link. Some Direct Broadcast Satellite (DBS) TV providers have offered this kind of service.
The second is a two-way Internet satellite system (User B in Figure 1). In this model, both downlink and uplink transmissions are directly from and to satellite. The satellite dish is used as both transmitter and receiver. This model is very suitable for the remote areas where terrestrial (telephone line and cable) services are not available.
Background and who is promoting it?


In February 1985, IP Telephony caught the world’s attention when VocalTec, Inc launched a software that enabled PC users to converse with each other through the Internet. The software was designed to run on a 486/33-MHz (or higher) multimedia PC equipped with a sound card, speakers, and modem. The software compressed the voice signal and translated it into packets for transmission over the Internet. This was a PC-to-PC software, so both parties must have this software in their PCs in order to be able to converse (IEC 2001). 

Since then, there have been many developments in IP Telephony to improve its reliability and quality. New companies have introduced products to commercialize this technology, and virtually every major telecommunication company has launched research to better understand this latest threat to their markets (Intel 2001). Almost all major companies providing Internet services and products have gotten involved, in one way or another,  in this new market. To name some of them: 3Com, Cisco, Ericsson, Hitachi, Intel, Lucent, Microsoft, and Motorola. Many have declared strategic alliances (Iptel 2001).

Some of the new companies are gateway providers like ITXC,  Dialpad and Net2Phone. Not only offering PC-to-phone service, Dialpad and Net2Phone now offer calling cards with a special access code (like a PIN). Customers can use a regular telephone to make IP calls by dialing his or her access code. 

There are also companies that produce devices dedicated to IP Telephony such as Cisco Systems and Aplio/Phone. The caller does not need a PC to make an IP call, but can use dedicated device instead. If these devices adhere to the standards agreed to in IP Telephony, they will be compatible with international IP gateways so callers can talk to anyone who has a phone—without a PC or a dedicated device.

Major cable-TV companies are currently testing voice services. Long distance carrier companies like AT&T and Sprint are gradually replacing their old circuit-switched networks with IP-based trunks, especially for overseas calls (Tanaka 2001). An international call will be likely sent through IP-Telephony somewhere in the network. The call will terminate at the local telephone company nearest to the call receiver—without being realized by the caller. The sound quality of IP Telephony offered by these companies is better because the calls do not go through the public Internet.

In the satellite-based Internet, the first company to begin offering access via satellite was Hughes Network Systems with its DirecPC (Evans 2001: 14). DirestPC to be one way data feed, and needed two dishes if one subscribed to DirecTV, a DBS television services offered by Hughes Communication. Now the service has been improved. Subscribers have the option to purchase only one satellite dish for both DirecTV and DirecPC, called DirecDuo. Two ways satellite transmission for Internet is also available. The important player is Starband, offered by Echostar, which uses a two-way satellite system. With the impending purchase of DirectTV by Echostar, these two may be merged in the US. 

In Europe, satellite operator Inmarsat says that Internet access will be available on commercial airlines by the end of 2002. The Swift64 service will allow passengers to access web-based applications while in the air. Around 80% of modern long-haul commercial aircraft and over 1,000 corporate jets already have the satellite communications antenna infrastructure needed to carry broadband Internet services (NetworkMagazine.com 2001).
Specific problem it is designed to solve

The main purpose of IP telephony is to save money on long distance calls by bypassing the long distance telephone operator. For Internet users living in the United States, for example, they just pay their flat monthly Internet-access and monthly telephone line subscriptions—plus a gateway cost (if applicable). For Internet users living in a countries where local call cost depends on the length of users are connected every month, like Indonesia for example, the potential reduction of long distance and international call costs using IP Telephony is still substantial. 
Satellite networks are the excellent candidates for providing broadband Internet services to globally scattered users. If properly designed, a satellite system can cover much of the Earth’s surface, making it very appealing for those in remote areas lacking terrestrial communication infrastructure. Rapid and economic deployment of satellite, compared to terrestrial infrastructure building, also is an advantage (Kingsley 2000). Even for the areas well-served by communication, satellite can augment existing systems, especially where terrestrial communication is congested (Clausen, Linder, and Collini-Nocker 1999; Hu 2001).
Interconnectivity with other media

Since IP Telephony is a voice service built on top of existing data communication services, it can be easily combined with other data services to create new applications and services  which are not possible with conventional telephony (Hassan 2000: 9). Some possible additional services include: data, voice and facsimile integration; video IP telephony; web-based call centers; unified messaging (combining email address, telephone number, mobile phone number and facsimile number); remote teleworking; and enhanced teleconferencing. Furthermore, IP telephony via satellite will be increasingly interconnected with DBS television services.
Economic and regulatory issues

There have been some optimistic forecasts regarding the money to be “mined” in IP Technology. Cahners In-Stat Group was predicting that world wide sales of Internet based voice was expected to jump to $5 billion by 2003 from $300 million (Heskett 2000). While having more or less the same revenue prediction for the year of 2003, Frost and Sullivan was predicting that 2006 revenues in the IP Telephony market would be approximately $22 billion (Guizani 2000). Frost and Sullivan was also estimating that the global market for IP Telephony over satellite would surge to $278.2 million globally, from just 30.44 million in 2000, and the developing nations will be the main market (Chng 2000, Seals 2002). More recently, the ITU has said that by 2004, up to 40 percent of all international telephone traffic will be IP Telephony based (Chng 2002).
According to the ITU, the possibility of transmitting voice over IP-based networks is a milestone in the convergence of the communication sector, a convergence between network types that have emerged under very different policy and regulatory circumstances. The telephone networks have been extensively regulated by most countries, while the Internet has evolved as a data network subject to few, if any, controls (ITU 2001a). The ITU has ratified some standard specifications, which define how voice, data, and video will be transported and managed in IP Telephony. 

Governments highly regulate the telephone business in developing countries—especially long distance and international calls that are usually used to subsidize the cheaper local call cost. IP Telephony, no doubt, will undermine a bigger part of their revenue stream. The responses of governments vary in degree of regulating or deregulating this technology. In Indonesia, for example, these regulations are not yet clear and the government is still working on them. While awaiting this regulation, IP Telephony service operating in Indonesia is basically forbidden—even though incoming overseas call can not be detected and therefore can not be forbidden.

Constraints


Besides the regulatory constraints, there are still at least three technological challenges that remain to be solved within the industry (Swale 2001). The first is how to achieve manageable quality of service across IP networks. The second is how to resolve complex interactions at the myriad of boundary points in IP networks. And, thirdly, how to achieve appropriate network and service management functionally. The industry needs to work together to solve that problem if they want IP Telephony to become widely accepted by users.

IP telephony via satellite poses additional problems. The main problem is its inherent latency. Satellite networks that use a geo-stationary satellite have round-trip path delay in order of 270 ms (Kingsley 2000). On the practical level, the delay might be closer to 750ms (Blakey n. d.), because a single call might involve several satellites as the signal is transmitted to additional ground stations before being transmitted to other satellites. For a real time services—like IP Telephony, video-conferencing, online game, online gambling, etc—this delay matters. In a telephone conversation, a delay of 400ms is thought to be the threshold where latency becomes perceptible to the trained ear.  

However imperfect, intersatellite links connecting two satellites within line of sight will help to reduce the round-trip transmission delay problem (Hu 2001). Spaceway, Astrolink, and Euro Skyway will each put equipment on their satellites enabling users to communicate directly. Spaceway has added a feature on its satellite  which can bypass the Earth even when different satellites serve two users. When this network is launched in 2004, data might travel through several satellites going from one side of the Earth to the other (Dornan 2002). 

Another possible solution is to reduce the distance using LEO (Low Earth Orbit) satellites, since the satellites are placed nearer to the Earth compared to the GEO satellites. But the failure of such LEO constellations as Iridium and Globalstar, which need dozens of satellites to support mobile telephony has had an effect to the industry. Though some companies have broadband LEOs on the drawing board, they won't launch until some financial and technical problems are resolved. LEOs have been four years away for most of the last decade (Dornan 2002).

In addition to the round-trip delay, there are some sources of delay in the IP telephony equipment also. For example: digitization induces 15 ms delay, packetization generates delay of 20ms, and queue processing time (excluding congestion) is more or less 10 ms. Therefore extra efforts have to be made to avoid additional delay introduced by the IP telephony equipment (Kinglsey 2000). 

Satellite signal transmission can be affected by weather condition (rain, snow, etc). By increasing signal strength, using targeted beams, which points a transmission directly to whoever needs it is one solution. This approach also enables the networks increase capacity by reusing the same spectrum for other users in different areas, so that users do not need to filter out data intended for others (Dornan 2001).
Conclusion

The explosive growth of the Internet has brought many new products and services, and in many cases has redefined and eliminated some of the old products and services. The need for broadband Internet seems unavoidable, since there is a growing demand for data, voice, and video in an integrated service. Besides the terrestrial technologies—such as Internet cable, DSL, and microwave—satellite networks are good candidates for offering future broadband Internet services. 


Internet-based satellite has some constraints that have to be solved. Since the GEO satellites are placed in an orbit that is far away from the Earth, the signal needs time to get there, before it is retransmitted to the Earth. This delay is an inherent limitation of satellite-based Internet, and it matters for real time services such as IP Telephony, videoconferencing, and online game. The satellite signal is also affected by atmospheric conditions. Several strategies now address these problems to improve the competitiveness of satellite technology in dealing with the Internet. 


IP Telephony, one of the promising new technologies and services on the Internet, enables people to make long distance calls at local call cost. Satellite networks will facilitate IP Telephony, especially in areas where the terrestrial telecommunication infrastructure is not available. Even in areas well-served terrestrial telecommunication, satellite networks will be a ready backup for the increasingly strong demand for bandwidth to relieve congestion on the networks. 
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